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Management samenvatting

Aanleiding en doel van het onderzoek

Medisch Spectrum Twent®ST) wil zorg biglen die efficiént georganiseerd is en waarin de patiént
centraal staatDe ddeling capaciteitsmanagemertteeft daaromzichals doelgesteld de efficiéntie

van de zorg te verbeterehinnen het MSTMST is bezig met de nieuwbouw van een ziekenhuis.
Daarom heeft de afdeling capaciteitsmanagemeig taak eerbrug te slaan tussen het oude en
nieuwe ziekenhuis. Een deel van deze brug bestaat uit het verbeteren van patiénten planning, want
de huidigemanier van patiénten planningast niet in het nieuwe ziekenhuis door een afname in het
aantal bedden.Desondanks moethet nieuwe ziekenhuis hetdde aantal patiénten kunnen
behandeleralsdat ze nu doen

De hoofdoorzaakan de hierboven genoemde problemdigt in de electieve patiéntenstroom. De
electieve patiéntestroom zorgt voor fluctuaties in bedbezetting én hollen en stilstaarvan
verpleegkundigen doordat de patiént@ianningvoor operatiesvan verschillende specialismeet

op elkaar is afgestemdn dit onderzoek richten we ons daarom op de tactische capaciteitsplanning
van electieve patiéntenom afstemmingtussen electieve patiéntestromen van verschillende
specialismen te realiseren en een constantere bezetting van verpleegafdelingen te citdignoor
gebruikenwe de volgende doelstellirg:

& | Spkettenvan een interventie die de variditeit in bebezettingverlaagten het creéenvaneen
methodevoor de implementatie van deinterventie binnerhet MST €

Methode

Als eerstds een contextanalyse uitgevoerd om patiéstromen in kaart te brengen, om ervaringen
vanverpleegkundigene verzamelen en om de huidige prestatiemdom operatiekamers (OKs) en
verpleegafdelingervan het MST te analyseren. Vervolgéa®enliteratuur onderzoek gedaan naar
de oorzaken van fluctuaties in bedbezetting, het creéren van OK reostrr methodes om
bedbezetting efficiént te kunnen organisereBoor deze analyses naast elkaar te leggeren
interventie geselecteerd die voldoet aan de wensen van het MST. Deze interiscamtigewerkt en
uitgevoerd om de mogelijke verbeteringen in kaart te brengen. Vervolgens hebben we een
simulatiemodel gemaakt om de invloed van veranderingen in parameters te analyS@@gaande
onderdelen hebben als doel haevenvan richtlijnen voor tet plannen van patiénten en een
stappenplan voor de implementatie van de intervertiienenhet MST.

Interventie

Glerum (2013 heeft een Quadratic Assignment Problem (QAP) mautgivorpen. Dit model geeft

een planadvies aanpmameplanners door middel van eesptimale mix van patiénten, gebaseerd op
ligduur, binnen een bestaan®K rooster Hiervoor wordt een deterministische operatieduur en een
stochastische ligduurverdeling gebruikt. Wij hebben ervoor gekozen dit model ook te gebruiken voor
het MST, omdt het modelvolgens de resultaten vaGlerum (2013 een groot verbetepotentieel

heeft, een goede mogégkheidbiedtom in de praktijk te realisereen het ziekenhuis vergelijkbaar is



Resultaten en conclusie

QARmodel Het hoofddoel van het QAP models het verminderen vande variabiliteit in
bedbezetting. De resultaten laten zien dat de fluctuaties sterk verminderd zijn enetlaaximum
aantal benodigde bedden met9,4% is afgenomenvergeleken met de gerealiseerde situatie van
2014 Het nadeel van het model is dat er me@riatie ontstaatin de OK bezetting.

Simulatienondel Het simulatienodel verhoogt de variatie in bedbezetting vergeleken met het QAP
model, maar is wel lager dathe gerealiseerde situatie in 201Bit komt waarschijnlijk doordat de
ligduur van patiénten imle simulatie meer dan het maximale aantal van 28 dagehet QAP model
kan zijn.Ookis er meer variatie in de bezetting van OKs da20ib4 Het maximaal aantal &nodigde
beddenismet 14,1%afgenomen

Gevoeligheidsanalyse
Een gevoeligheidsanalyse isgevoerd om de invloed vawmeranderingenin parametersin kaart te
kunnenbrengen De volgende veranderingdrebben wij geanalyseerd

91 Invioed van seizoem: We hebben de invloed van dgootte van depatiéntenpopulatie in
de winter en zomegeanalyseerdDe populatie in de winter is groter, maar het verschil in
resultaten van het QARodel is kleinDoor een leinere populatie in de zomes het nodig
het OK rooster te herzien.

1 Inviloed vanveranderingen in de patiéntgropulatie: Het MST verwacht de komenjgen
meer dagbehandelingspatiénte®it zal resulteren in een veranderingrvéiet OK schema.
Deze patiéntegroep is relatiefoedte plannendoor voorspelbaarheiéh ligduur maar daar
is een goede afstemming tussen specialismen voor nodig.

1 Invioed varnveranderingen in de patiéntemix Het verplaatsen valangverblijvers (L\f)aar
de eerste helft vamle week of verplaatsen vakortverblijvers (KVhaar de tweede helft van
de week resulteert in toenemete fluctuaties in bedbezetting en heefennegatiee invioed
op OK bezetting.

1 Invioed van het sluiten van OKs: Het sluiten vas [iji€ eenkleine invioed te hebben op GK
en verpleegafdelingn, maar we hebben alleen de ©Kesloten waarin één of twee
patiénten gepland stonderHet sluiten van andere OKanbetereresultaten opleveren.

1 Hetverlagenvan OKcapaciteit in QR model: Het verlagen van de ©#paciteit in het QAP
model reduceert vadtie in OKbezetting en verhoogDkbezetting. Invioed op bedbezetting
is klein.

Implementatie
We hebberper spe@lismeregels opgesteld voor het planen van patiénten. De algemene regels zijn:

1 Dagbehandelingspati&nten moeten worden verdeeld over de week (ongeveer 16 per dag)
1 KV(ligduur <= 1,5 daghoeten in de eerste helft van de week worden gepland
1 LV(ligduur > 15 dag)moeten in de tweede helft van de week worden gepland

Vervolgens hebben waan de hand van literatuur een zevetappen plan opgesteld voor het
implementeren van de interventie.

Overige aanbevelingen
Aan de hand van dit onderzoek zijn de volgeadabevelingen naar voren gekomen:



I OK analyses laten vaak onderbezetting zien van OKs. We raden het MST aan om onderzoek
te doen naar de OK roosters, omdat specialismen misschien te veel OK tijd toegewezen
hebben gekregen dan daadwerkelijk nodig is.

1 Wi racen de opnameplanning aan de planningsregels te vold@it.is alleen mogelijk
wanneer de wachtlijsten voldoende patiéntean het juiste type bevattenDaarom raden
wij aan onderzoek te doen naar de relatie tussen wachtlijsten en patiénten mixen.

1 Wij radenhet MST aan omoor het plannen van patiénten een extra datatype aan te maken.
Zodat de opnameplanning kan zien of het om een dagbehandelingspatiént, korte ligger of
lange ligger gaat.






Management summary

Background and scope

Medisch Spectrum TwenteMST) strives forthe most efficienty organized care with a centralized
position for the patient.Therefore, efficiency improvemens one of the main goals of the { ¢ Q&
capacity departmentAdditionall, this departmentcreates a bridge between the old and new
building to make the reallocation successflihis implies the improvement of patient scheduling
because current processes do not fit in the new building due to a desdeasmber of beds.
Neverhelessthe new building shouldccommodateat least asmanypatients as the old building.

a{¢tQa YI Ay Okhefeleciv¢ BaBentMBVEIECNMR fatient flowcauses fluctuations in
bed utilization andn workload for nursesbecauseof insufficient alignmenbetween specialtiesn
surgery related patient schedulingherefore, his research focuses on the tactical capacity planning
in operating rooms (OR) and wardsalins toimprove the alignment between elective patient flows
of different specialtiesandto reducefluctuations in bed utilizationTherefore, the research objective
is:

G ¢R@oposean interventionthat reduces variability in bed utilizatiorand to determinghe necessary
steps for implementing this conaein the orgarnzation® ¢

Method

First,we perform a context analysis tescribe patient flowsevaluatestaff experiences in wards,

and to analyzecurrent OR and wargerformances in MSTrhen weperform aliterature research

into causes of fluctuationsn ward utilization organization of OR scheduling, and methods for
leveling of bed utilizationWe select the most appropriate method that fits the requirement of MST
based on the context analysis and the literature research. Thereafter, we descrilietehesntion

and do experiments to analyze the improvement potential of this intervention. We expand this
intervention with a simulation study to vary experimahsettings and to analyze the influence of
changes in parameter settings. Finally, we givadglinies for patient scheduling and advise MST
about the implementation of the interventioim the organization.

Intervention

Glerum (2013 proposeda Quadratic Assignment Problem (QAP) mddedeterminingthe optimal
mix of patientsfor OR schedulingoased on_engthof-Stay [0S, within an existingnaster surgery
schedule MSS. The model usedeterministicsurgery duration and a stochastic LoS. We detide
use this model for MST as well, becaugebalancesimprovement potential andfeasibility, and
hospital conditions are similakWe prospectivelyasses this approachith a simulation model that
uses the optimal patient mix as input to calculate possible outcomes for MST.

Results

QAP modelThe main goal of the QAP modeto reduce variability in bed utilization. Results show a
reductionof fluctuationsin ward utilizationand a reduction imaximumbed requirement of 29.4%
compared t02014 The disadvantage of the model is an iragein variationof OR utilization.

Simulation modelThe variation in bed utilization increases when comgthe simulation model to
the QAP model, whereas it decreases in comparison to the realized situation inT2@&ldariation in




Vi

OR utilization increases as well compared 2014 However,the maximum bed requirement
decreases witl14.1% compared t@uarter oneof 2014

Sensitivity analysis
We do a sensitivity analysisottest the influence of changes parameters. The following tests are
executed:

9 Effect of seasonalityWe analyze the influence of the patient population vrnter and
summer. The poglation in winteris larger, though differences iroutcomes of the QAP
model are relatively small OR scheduke need revision due to a decreasing patient
population insummer.

1 Influence of changes in patient populatioMST expects morday treatment DT) patient in
the upcoming yearsreating aneedfor revision of the OR schedule. Additionally, this patient
group is relativly easy to schedulealthough a goodalignment betweenspecialtiesis
necessary

1 Influence of changes in case migeallocation ofong-stay (S patients to the first half of the
week orreallocation ofshortstay 83 patients to the second half of the week leats
fluctuations in ward utilizationOR utilization andts variation increase as well.

1 Influence of closing ORE€losingORshasa small influence on OR&iG wards, but we only
considerto close OR# whichone or two patients are schedulelosing other ORwill
probably havemore effect.

1 Reduction of OR capacity QAP modelReducing OR capacity in the QAP maldareases
variation in OR utilization and increases OR utilization.

Implementation
We create planning decision rules per specialty for planning of elective patiEimeése rulesvill be
guidelines for admissions planners. General rules are:

1 SpreadDT patients over the week (about 16 a day)
1 Plan S®L0S <= 1.5 daypatientsin the first half of the week
1 Plan L$LoS > 1.5 daypgptientsin the second half of the week

Additionally, we createa severstep approach for the implementation of the intemtion. This
approach consists of communication, documentation, tpifailot evaluation, total rollout, rodut
evaluation, and maintenance.

Further research
Recommendationt MST are:

1 OR analysiseveals frequentunderutilization of ORs. We recommenmdvision ofthe OR
schedule, because sonspecialtiegprobablyneed less surgery time than scheduled.

1 Admission plannershould followthe planning decision rulewheneverthere are enough
patients available on the waiting IstWe advise MST to analyzaiting lists inrelation to
the case mix.

1 An extra data typds necessary for data storaggncewe cannot make a division in patient
types out of the current data. Each patiesttould havea classificatiomf DT, SS, or LS. In this

way, admission planners can easily schedule patients according to our guidelines.
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List of abbreviations and terminology

Abbreviations

1 BzH Special dental cargn Dutch: Bijzondertandheelkunde)
1 CHI General surgerfin Dutch:Algemene chirurgie
1 DES Discrete Event Simulation
1 DTM10 Day treatment (in DutciHDagbehandeling
T GYN Gynecology (in Dutclédynaecologig
1 KCH/OMS  Oral and maxillofacial surge¢yn Dutch:Kaakchirurgig
1 KNO Earnosethroat (ENT) (in DutchKeelneusoor)
1 LoS Lengthof-Stay(in Dutch:Ligduu)
T LS Longstay, LoS > 1.5 daym Dutch:langverblijversligduur > 1,5 daggn
1 MSS Master surgical schedule
1 MST Medisch Spectrum Twente
1 NCH Neurosurgery (in Dutch: Neudhirurgie
T OO0G Ophthalmologyin Dutch: Oogheelkunde)
T OR Operating room(in Dutch:Operatiekamey
1 ORT Orthopedics (in DutciOrthopedig
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T QAP Quadratic AssignmerRroblem
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available
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1 Introduction

Medisch Spectrm Twente (MSTyvants to improve their care processes and financial results in 2014
(MST, 2013 For thecapacity management departmetitese improvementarerelated toincreased
efficiency andquality. In the past decade, the health care sector has had a strong focus on these
aspects as well.

High efficiencyis desiredin operating rooms (OR), becauey arethe most expensivgart of a
hospital. However, notimproving ward related processes leado a decrease in efficiency and
therefore a decrease in quality For example, overutilized wards possibly lead to surgery
cancellations.A more efficient patient flow and leveled workload can be obtainggemvward
utilization is includedThisresultsin a higher quality of car€lhe focus in this research is teveling

of bed utilizationand OR schedulingt is consistent withthe visionof the capacitymanagement
department delivering of efficient organized cavéth focuson patient processesmprovement of
OR planningndbed leveling is a smallart of the patient process.

This chapter gives a short introduction and motivatifor this research. Sectioh.1 provides the
reader with a overview of develoments in the health care sectdnat forces MST to improve their
processesas well as aimtroductionto MST This idollowed by the problem description with the
core problemin Section 1.2. Sectionl.3 describes the objectivand scope of the research. Finally,
Section 1.4 givesthe underlying research questions.

1.1 Context
This sectiomgivesthe context of the researclkirst,current developments itthe health care sector
are describedollowed by an introduction and characteristics of MST.

1.1.1 Developments in the health care sector

Nowadays, health care expenditures increase every year due to several fastomding to e
national government of the Netherlandrore care, higher quality, insufficient efficiency of health
care, changing epidemiologyand ageing populationare jointly responsible (Ministerie van
Volksgezondheid, 20)2In 2012, he Netherlandsspend 12.4% of the GDP on healtdrewhichis
relative highcompared to the vorld wide expenditures of 10.1§VHO, 2012a20121.

Efficiency and qualityfacare are closely related to each other amldo themost common goals to
change. A more efficient organized care leads to an improved quality of care. Hospibailsl
improve efficiency and quality relatesispects. However, many improvements are alreathdein
the past decadeProfessor Bakker, of Academisch Medisch Centrum Amsterdasmentionedin
2009that hospitals are function orientedthereas theyshould be more process orientédie Lindert,
2009. Additionally, thecommunicaton within a hospital is insufficientA specialtyin a hospital can
be efficient at its own whereas the hospital can be inefficient as a wholewhen a lack of
communicaion betweenspecialtieoccurs

Diagnose treatment combinations (in Dutch: DBC) are introdupoe®005and the intent changes
over the yearsA DBGs a standardized price for a care path of a patigfabspitals negotiate with
insurance companiesefore they can treat patientsThesenegdiationslead toa contract with prices
and volumesfor treatments Insurance companies prefeolumes with a good price/quality ratio.
Therefore, a hospitathould deliverwork in an efficient wayto increase interestssince higher




interests leadto an increased turnoverThis createsa cycle starting with high expenditures for
health care andh possible reduction of these expendituras the end(seeFigurel). DBCfocus on
efficiency which on its turn improves the quality of care.

Health care
expenditures

New insight in
efficiency

Reducti_on of

expenditures

\

Improvement Efficiency
of efficiency improvement
and\or quality < plan

Figurel: Circle of expenditures reduction by improving efficierigyality .

1.1.2 Medisch Spectrum Twente

MSTwill opentheir new hospital building in Enschede 2016 and will then be one of the largest
non-academic hospitals in the Netherlands. MST consists of four different locatiansely the
hospital locations in Enschede and Oldenzaal and outpatient clinics in Haaksbergen andtiosser
a service area of ggwoximately 264.00 people. Locatiorenschede focuses not onhn the basic
facilities, butalso onthe top-clinical facilities. The organization consists of appraxaty 2.900
employees, amongvhich 230 medical specialists. In addition, there a468.0000outpatient visits,
33.000day-care treatments and 31.000admissions each yedMST, 201% The newMST has70
beds available against 702 in thig gituation.

In 2012MST started with a new project for continuous improvemanthe quality of careOl f f SR do { ¢
(Samen Slimmer SysteenThis project evaluates the process of employees through the eyes of the
patient. In this way, qualitis monitored and the patientisin a more centered position. In addition,

MST pays extra attention to patient satisfactioy extendingopening hoursshorteningwaiting lists,

and providing better informatiorand aftercare(MST, 201B Over te next few years, MST will

provide patients with more information about the quality of care in terms of quality indicators

Finally, the focus for the upcoming one/two yeawxdll be on the relocation to the new hospital
building. Employees should be well prepared and some processes hbeanproved, for example
logistics, to increase the quality of ca®ST, 201p Therefore, the capacity management
departmentplays an important role The aim of the department is to match the demazuad supply
of carein the interest ofmainlypatients,as well as foMSTitself and employees.

1.2 Problem de scription

In the current situationabout 60%of the patients visiting an outpatient clinize referred to theOR.

The planning of the particular patient starighen a patient is sertb the OR A patient does not get a
date for surgerymmediately because of waiting lists and unpredictability in health care. Nowadays,
a lot of informationis available such as waiting timesTherefore, patientglecide which hospital is
most suitable for themThis resulsin ad a Kpddetulture.



If the predictabiity of OR schedulemproves the quality of care increaseand the chance of losing
patients decrease This sounds easy in theory, but a patient is very complex in terms of
predictability. No patient is the same and this leads to differences in surgeafion andLengthkof-
Stay (LoS)Scheduling further in advancentroducesother problems.The chance ofdisturbances
increases Wen the period between the moment of scheduling and theauakt time of surgery
increasesThisresearchintendsto find a compomise between shorterm and longterm scheduling.

To cope with unpredictability, is necessaryo have knowledgebouttreatment pathwaysn terms

of historical data In the tactical planning phase, alloiwat of capacity ovespecialtiestakes place.
Forecasting of OR schedslanproves if all available knowledge is used in this phase, which might
lead to a reductionof variability n bed utilization In addition, managing utilization is easier when
there is more flexibility in capacity allocatiohhisallocation can be successful if the communication
between departments isufficient and if the OR planners anticipate to a changed situatiime
alignment between and control of OR and bed utilization is insufficieMST A nurseof pediatrics
experiences situationsag £ t 2 NJ y2 i KAy 3¢

In this research we focus on the tactidalel of OR planning and especially on betilization at
location Enschede. MST has to death variability inbed utilization. These fluctuations lead to
differences in worldad for employeeslf the peakutilizationis high, the possibility of an admission
stop increasesas well asurmgery cancellatiomates To match the aim of the hospital and the vision
for the new hospital, it is necessary to level bed utilization.d&®cribe the core problem as follew

The core problem of this research is:
The alignment between and the control of bed utilization is insufficient. Therefore, the eleg
patient flow increases variability in bedilization.

1.3 Research objective and scope

The OR is the most expensive department in a hospital. Howerdy, considering OR planning
without optimizing bedutilizationleads topossibleproblems in the ® as well, because an admission
stop can ariseand thereby surgery cancellatiomsight occur. Therefore, it is necessary to take in
consideration the ORplanning and ward planning to level variability in bed utilization. Especially
sincethe newMST has a decreased nbar of hospital beds. The research objective is as fallow

Theobjective of this research is:
To propose an interventidhat reduces variability in bedtilizationand to determinghe
necessary steps for implementing this concept in the organization.

This research focuses etectivepatient flows fromthe admission department téhe OR and finally
to the ward of MST location Ensched@&o achieve the objectivethe tactical part of resource
capacity planning in the framework for health care planning and congralsed(see Table 1).
Emergency patients arexcluded becausehey cannot be planned in advanddonsurgical patients
are excludedas wel) sincethey are not part of the surgical process. Thieimentions are obtained
by compaing the current situation with the literatureSectionl1.4 provides an outline of the
research.




Tablel: Framework of health care planning and contrgilans, Van Houdenhoven, Blulshof, 2012

Medical planning Res?)ﬁ’;ﬁiiﬁzpacny Materials planning Financial planning

Strategic Research, Case mix planning, . Investments plans ’
o L Supply chain and . . o

development of capacity dimensioning, ; contracting with
. . warehouse design . " I
medical protocols workforce planning insurance companies 8
el . BIQCk plann_lng, Supply selection, Budget and cost 2
Treatment selection staffing, admission : . 5
; tendering allocation 9
planning S
: : : . : : : - 2
Offllne. Dlagn05|s_ anQIannlng App_omtment Materlals_, purchasmg, DRG billing, cash flow &

operational of an individual scheduling, workforce  determining order :
: . analysis 3
treatment scheduling sizes 3
- : : : e 2
Online Triage, diagnosing lEl e} Rush ordering, Billing complications =~ &
operational emergencies and emergency . 2 s
L 2 inventory replenishing and chance
complications coordination

a Managerial areag,

1.4 Research questions

To achieve the research objective we formulate several research questions. Each question
corresponds to a chapter. This part gives the outline of the repBech chapteranswers
corresponding sulguestions.Themain questions are answered in tfiaal conclusion

Chapter 2: Context analysis
Chapter 2 gives an overview of the current situation. The main question for this chapter is

formulated as follow:
How can the current O&hd ward planning be described and what is the current performance?

Necessary information regarding this question is obtained bgtings with employeesThis leads to
an up to date description about the current situation at MID. find an answer oithe main
guestion,Section2.1 describeghe keyfiguresof the planning procesand organization of OR/ward
planning Sectior2.2 summarizes meetings witthe heads ofthe wards. InSection 2.3, you will find
performanceindicators which isfollowed by theperformanceanalysis inSection 2.4. Section2.5
describes the core problem. Chap&answers the followig subquestions:

2.1 Whichkey-figurescan be identifiedn the planning procesand fow isSOR and wargblanning
currently organized

2.2 How do wards experience current performances?

2.3 What performance indicators can be identified?

2.4 What is the current performan&

2.5What is the core problem, what are the consequencasd what factors influence the
problem?

Chapter 3: Literature Research
Chapter3 describeghe relevant literdure. Thiditerature is based on the following question:

What concepts are mentioned tine literature to organize the core problem(s)?

Section3.1 starts with causes of fluctuations in badtilization according to the literature. InSection
3.2, you will find possible concepts for leveling afilization. Finally, Section 3.3 gives the best
intervention for our situationThe following sulguestions are usd:



3.1 What causes high fluctuations in batlization?
3.2 How can OR planning on a tactical level be organized to levaltiedtion?
3.3 What improvement concept is applicable for the situatatST?

Chapter 4 Intervention
Chapter4 is used for the intervention. The followinguestion supports the process behind the

intervention
How can the current organization be improvedtdicipate and reduceariability in bedutilization?

Sectiond.1is about the modelingpproach To setup an experiment we need experimergattings
that can be found in Sectioh2. Finally Sectiond4.3 shows the mdelingoutput and comparison with
the current situation The following questions are applied:

4.1 How can we model the intervention?
4.2 What experimensettings do we use?
4.3 Howdoes the model operate

Chapter5: Simulationstudy
Chapter 5 describesthe simulation mode. This model is used to test the outcome of the model in

Chapter4. The following question is used:
How does theutput of the model itthapter4 perform according to a simulation?

Chapter5 uses the methodology dfaw (2007. Each section of this chapter corresponds with one of
the steps of this methodologyhe following questions are us#tte answer the maimguestion

5.1 How can wesimulatethe process of MSBy using the output of the interventich
5.2 What experimensettings do we use?
5.3 Howdoes the simulation operaf®

Chapter 6 Sensitivity analysis
This chapter gives insighttinthe consequences of changes in parameters. We will test some

changes that canccurin reality by using the following question:
What is the influence athanges irparameters on the performance of ORs and wards?

Chapter 7 Implementation
When a suitable intervention is found, the interventibas to be implemented. Chapt&rprovides

MST withsuggestions to organize the proposed interventions by using the following question:
How can the implementation phase be organized to implement the propossdantions?

Chapter8: Conclusiorand recommendations
The last chaptecovers the conclusigrimitations,and suggestions for further research
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2 Context analysis

This partdescribesthe current processs inand performance of MST.The analysisis obtained by

analyzing OR and ward related processes. In this way, the problen@s)) identified and input for

an adequate model is create8ection2.1 starts with the patient flow, becausthis determines the
fluctuationsin MST The rext section explainthe ward related problemsaccording to head of wards
Section 2.3 explains what performance indicators are usedeimluate the current procesS&ection

2.4descriles the current performancd=inally,Section2.5 givesthe core prdlem.

2.1 Patient flow

Different patient flows lead to difficulties in the planning process. Therefore, it is necessargvwo
these flows and to describe the actors in this process. There are two main flows in the process,
namely the elective and emergency flow. The electlog fenters thepreoperative screening (POS)

and is plannectentrally or decentrallyThe emergency flowlirectly enters a ward or ORFigure2
visualizes these patig¢iflows. Each actor iprocesss explained in the remainder of this section.

Centralized
Qutpatient Ainic Pre Operative Manning | N
Hective Patients } Screening { Decentralized Ward ~ —>  Discharge
' ' Planning T T
\4 ,
Emergency Departmenﬂ | .| Operating _ | Recovery (or
Emergency Patientsj ' Room ” PAQU/IT MO

Figure2: OR related ptient flow through MST

2.1.1 Outpatient clinic

The outpatient cliniéunctionsas consultation for the patient with any specialiBherefore, the clinic
is the starting point of the car@ath of elective patientsif the patient needs surgerpe/she will be
placed on the waiting list and referred to tipeeoperativeprocess. In cge of a medicine patient, the
patientwill be plannedon a bed for possible further research.

2.1.2 Emergency department
The emergency department functions as starting point for emergency patients-glective).
Thereatfter, he right specialiswill be assignedo the patient andif necessarya surgery followsThis
patient stream is difficult and actually impossible to schedol@dvance but a planner schedute
capacity based ohistorical data

2.1.3 Preoperative Screening

The POS collects relevant informatiabout the patientby a questionnaireand informs the patient
about the surgeryDepending on the outcome of thafuestionnaire, the patienimay needan extra

consult with an anesthesiaassistant and anesthetist gohysician assistantThe status is set as
completed when the patient meets the requiresurgerycondition.

2.1.4 Centralized planning
Information for thisand the next section(2.1.4and 2.1.9 is obtained fromDekker and Spenkelink
(2014. They gave an extensive descriptaithe current planning procesa MST

13
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Theadmissionplanning(in Dutch: Bureau Opname part of preoperative process. This department
schedules surgeries for surgical specialded the department is centrally organizedhe different
specialtieghat are planned centrally are general surgery, gynecolegynosethroat (ENT surgery,
ophthalmology, orthopedics, plastic surgeaynd urology.

The program Ogfite is used for schedimg of patiens. Thisprogram shows which specialist
operatesin which ORand at what time All these aspects are importedit of BLOllan. The medical
secretariegut the availability of a specialist in BLOKpM#hth this program, the admission planning
plans ahead for siweeks Moreover, the admissioplanningtakes into account the rules falective
patient scheduling Examples of thesaules are the amount of permittedsimilar operations on one
day, availability of resources, availability of beds and preferences of speciAligtther factoris
related totime schedulingnamely the amount of time that should be schéel in total and the
amount of time that should be scheduled for emergency patients.

Each weekhere is a meeting bout the surgeriesn the week afterwith the aim to finalize the OR
schedule The day coordinator of the Gfecides if the schedule fitsvhether there are enough beds
available and whetherthe required resources are present. Eveppecialty has their own
characteristics according to the scheduling process. Therefore,sgeatialtywill be described in the
upcoming sections.

General surgery

Generd surgery consists of three ssipecialties namely traumatology, vascular surgergnd
oncology.These patients are scheduledin a short time horizoror placed ona waiting list but this
depends on the urgencyoncology patierstare alwaysplanned vithin five weeks, because of a heavy
emotional surgeryAdditionally, if a ptient has beenscheduled in aertain block then the dateof
surgerywill not bechangedas well. These standard blocks are fixed for carotideny, liver surgery,
thoracotomy, lobectomy, andvhipple.

Gynecology

This specialty focuses on secondary obstetric care and gynecological cahe. gynecology
department has an outpatient OR in VR@Gouw Kind Centrum)out uses the general ORs as well.
Thisspecialtyhas a small amount aédmergencies, bugll of these should be incorporated the
scheduling procesdn addition,oncology patient should be scheduled within five week3aesarean
patients have priority as welHoweverjn anemergencycaesareamwill be scheduledor one hour at
the end of the elective schedul&mpty slots in the OR schedule are filled with patgefriom the
waiting list. There is a possibilitgr patients that another specialist wilperform the surgery such
that the waiting listdecreases in size

ENT surgery

ENT surgerperforms surgeries related to ear, nosand throat. Thisspecialtyis relativdy easy to
schedule, because there is a small amount of emergency patients arghtiie groupconsists of a
high amount of childrenChildren are in geeral healthy and therefore easier to tredihe specialists
of this department cando almost all surgeries of another specialist within this department.
Therefore, waiting lists can be leveled ah easier to predict a surgery date for patient



Ophthalmology

Ophthalmology surgeriefocus on eye disordersMost of the surgeries for ophthalmology are in
outpatient clinics in Oldenzadkurgery isn Enschedef it cannotbe performed by the use afrop
anesthesia. Ophthalmology has OR capacity dfvo days per month Due tosmall OR capacity
there are long waiting lists for some surgery typgpecialists dootR 2 S | O Ksur@etien8HhD &
this specialty because of possibldifficulties. Therefore, the opportunity to decrease waiting lists
low.

Orthopedics

Orthopedic surgerieocus onthe entire musculoskeletal systerMany fluctuations in the patient
flow are presentfor example emergencieand seasonalityNowadays, waiting lists for orthopedics
are short andthere still isOR time left. ldwever, departments are afraid to loséheir OR time
permanently thus the free time will not be given to other departmentéerefore,these other
specialtiesare not able to decrease their waiting listsing the empty slots of orthopedics

Plastic surgery

Plastic surgerjocuses orcosmeticsurgery, reconstructive surgery, hand surgenyd wrist surgery.
Weekly the éur specialis have one OR andach of themfocuses on their own patientsThey
seldom have patients of other specialists, because eashthe four has their own capabilities.
Additionally, due tcclinicsat different locations it is difficli to schedule plastic surgeons at another
moment in time. Thisspecialty has to deal wih emergenciesas well. Frequemy occurring
emergendes are tedon injury and have priority over elective patients.

Urology

Thisspecialtyfocuses on disorders in kidneys, ureters, bladder, prostate, urethra, and male genitalia
and is located in VKC. The amount of emergencies is small and is caasdylby oncologyand
urinary retention.There are reserved time sloterf emergency surgeriefn the upcomingtwo to

three weeksThisspecialtyhasa relative short waiting listbecausets specialiss are able talo each

2 0 K SugErigs In addition,if there is OR time lefturologists can use this time to decrease their
waiting list. Waiting liss for childremQ &urgeries are relativg long, because these surgeries are
performedwith a specialisfrom another hospital

2.1.5 Decentralized planning

Specialis who are scheduled decentrallyare part of special dental carestomatology and
neurosurgeryThe medical secretary of the corresponding departmseiteduleghese patients The
role of admissionplanningis only to communicate thdinal appointment wih the patient. The
following sectionglescribecharacteristics of eactpecialty that is schedule decentrally

Special dental care

Special dental care focuses on patewho cannot bereated by their own dentist. Oldenzaal takes
care of outpatienttreatments, Enschedperformsclinicaland outpatient treatmentsAll specialists
have common skills, but do not takeera patient from anotherspecialist Therefore, some waiting
lists are longer thaothers. Special dental carhardly any emergency oincology patients. If there is
an oncology patienthe/she will bereferred to oral and maxillofacial surggi®MS)

15



16

Oral and maxillofacial surgery

This specialtytreated disorders in jawand facial skeletgland focuses on hard and soft tissues.
Oncologypatients need a treatmentwithin five weeks.The amount of emergency patients for this
specialtyis low. Therefore, there is no OR time reserved for them. If an emergency patiergs an
already scheduled elective patiemtill be cancelled. In addition, waiting lists for thépecialtyare
long. The specialist noteghether another specialiswill be allowed to operate the patient.

Neurosurgery

Neurosurgery is related to surgical treatment of disorders in the nervous system.rdphatients
out of the whole region Twente Scheduling of these patients depends on theguence orthe
waiting list andurgency because emergency patients hawvgherpriority. Due to alargeamount of
emergency patierg, scheduling islone over a smiatime horizon When patients are scheduled over
a longerperiod, the number of cancellations increases athekse cancellations are difficult to
reschedule Neurologists do not operate patienfrom other neurologistsexcept foremergency
patients Howeve, some specialists have a shared waitingfistcorresponding patientdMST tries
to reallocate the scheduling process of thpgecialtycentrally.

2.1.6 Ward and OR

MSTwill start with reallocationto the new building in 201%arly 2016 whichshould be completely
in use mid2016. A revision of the OR scheduldl be necessaryn order to achieve this, because the
current schedule leads to high fluctuations in bed utilization and thefelmtuations in workload
Another option is to reallocatepatients in another way without revision of OR schedble
scheduling patients based on theioSin the current OR schedul@he currentwork processdoes
not fit into the new situation due to a deeasing number of hospital bedEhis section describéke
structure ofwards andhe OR departmenin the old andhe new situation

Ward

Table2 gives insight in the old anithe new situation of wardsTheward of VKC is still the same in
the new situation, but the general ward decreaseith 80 bedsHowever 11 morespecificbedsare
available in 20168M\e only focus on the surgical wards, because they are OR related.

Table3 gives an overview of theurgical wards in theld situation.

Table2: Number of bedsn the old situation (2013, new situation (2016 and the difference between the situations

Bed type 2013 2016 Difference
General 409 329 -80

Specific 103 114 11

VKC 123 123 0

Day care 48 66 18
Outpatient clinidbeds/chairs | 19 38 19

Total 702 670 -32

Table3: Capacity of each ward in the old situatiai2013)

Department Specialtys) # of beds
Generalg A3 General surgeryoral and maxillofacial surgery 33
Generalg A5 Orthopedic surgery, trauma surgery 33
Generak B4 Neurosurgery 33
Generak; C3 General surgery,lpstic surgery 32




Generak; C5 Day care, short stay 33
VK K3 Pediatrics, ophthalmology, special dental care, urology | 8
VKC; K4 Urology, ENJJgynecology 30
Total 220

The structure of wards in the new situatiorwill changecompletely Therewill be three floors with
wardsandthe general intensive card@A) and medium care (MGyill be locatedon the third floor
near the ORsEach floowill have single roomswhich will bedivided over differentspecialties
Therefore, each floowill havea spot division. Appendix showsa map of each floor. Overlapping
spotsimply that a specialtyis able to use capacity of anothspecialty by whicheachdepartment
will haveflexible capacityThe patientwill obtaina centered position and the ward division is based
on a horizontal collaboration between nurses and a vertical collaboration betspecialties Table

4 showsthe location of eachspecialty Theavailablenumber of beds is not included, because the
amount of beds is unclear yet and the capacity is flexiGvill continuewith the samecapacity at
the same location

Table4: Location ofwardsin the new situation(2016)

Floor Specialtys)

4 Oncology

4 Genecology oncology
Unknown Urology oncology

4 Vascular surgery

4 Orthopedics

4 Trauma surgery

5 Longoncology

6 Internal medicine

6 General surgery

6 Other surgery (eye, plastic)
6 Neurosurgery

VK K4 Genecology

VK K4 Urology, ENT

Total

OR

The structure of thenew ORcomplexwill be comparable with theold situation The old situation
containedfour ORs for thoracic surgerwhereasn the new situation one OR of thoracic surgeiijt
be replaced by a shared OR for general and thoracic surgfemyeverthe idea is thatay treatment
surgerywill bein a separate location and wdtayin the old buildingwith its own ward and ORs. This
iscurrently in thedevelopment phase.

Table5: Number of ORs in the old situation (2013) and new situation (2016)

OR type # of ORs 2013 | # of ORs 2016
General surgery 11 11

General surgery and thoracic surgery | - 1

Specific thoracic surgery 4 3

Outpatient surgery 1 1

Total 16 16
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Currently, hese ORsire scheduledaccordingto a repetitivescheduleof 4 weeks This schedulés
revised four times a year, but the changeghis schedule are minimals mentionedbefore, each
week there is a meeting for the OR schedule of nextek to completethe particular schedule.
Nowadaysit is triedto schedule patients according to a fixed quota. This means that the number of
schedulel patients should be&vithin predefined boundaries

2.1.7 Recovery
After surgerythe patient enters recovery. The patient is moved to the IC/M@d patent needs
intensive careThe recoveryperiod is used to monitorthe patientis ableto control vital physical
mechanismsAfterwards the patient is relocated to the ward aorrespondingspecialtyif his/her
condition allows

2.1.8 Discharge
If the physical conditiorsirecovered to a specific levéhe patent will be discharged. Depending on
this condition the patient goes home or to anothesdation for extra medical care.

2.2 Problem identification in wards

It is necessary to identifyward relatedproblemsif we want to improve the current situatiori
meeting with headsof wardswas organizedto identify these problemsand they gave us possible
solutions as well The following sections describe the situation of each wheaded onthese
meetings.

221 B4

Due tovarietyin the OR schedul@ double OR session on Monday and Thursttay outflow of the

ORis variable as well. This variability ldsa to fluctuations in warditilization, but this canbe dealt

with by aligning the right amount of personnel. The ward planning is based on the elective patients
and not on emergency patientMoreover, the amount of paingtients leads to difficulties, because

the length of stay is unclear and they neigh-levelcare.

B4 uses 28 out of the 33 available bed3he remaining beds are used for emergency patients,
becausethese should always be helped @4. They can allocate patients @b the neurology
department f there is lack of availableesources at B4The adnission of patients is between 7:00
a.m.¢ 8:00 a.m. and is done ko nurses. However, all patients arrive in this perioditswaiting
times often increase. Patients who are admitted on Mondaill be discharged on Wednesday (if
possible) and the patients who are admitted on Thursday will be discharged after the wedkend.
this way care paths of three, four or five dagse created

222 C3

C3 ha to deal with variability in bed utilization and peak demand on Thursday, becaaseestra
ORon that day. Furthermore many changesoccurafter the definitive OR schedulbas been made
Another problem is related toPTA(in Dutch: Percutaner@nslumirale Angioplastiekand DSAin
Dutch: Digitale Subtractie Angiografipatients since they have another care level.bAut one
(PTA/DSApatient is admitted a dayFinally the definition of emergency patients is uncledihis
causes confusion, becauddd not clearif a patient needgreatment immediatelyor can be treated
later.



C3can handle three or foupatient admissions a day, bulhere areabout sevenadmissionson
Thursday An extra nurse is used to cope with this peak demand. Due to admisiensorkload in
the morning is higher compared to the rest of the day.

2.2.3 C5/A3/A5

C5, A3 and Apatrticipated together in one meeting and discussed their wards with each other before
our meeting.Difficulties arisen schedulingdue to different flows fromelective patients, IC, other
hospitals, outpatnt clinic, andacute admissions. If there is an extra OR available, the planners first
considerthe availability of a surgeon and second the length ofa@ting list, butthey do not consider

the number of agilable bedsA fifth ORis preferredat the beginning of the week, but most of the
time these wardshave four ORSAIso the surgery throughput might vary over different specialists.
Therefore, he outflow to wards will increase if specialists with a high throughput are schedtiled
the same time

The wardgyave some preference related to scheduling of pasefirst, diabetes patiestshould be
divided over the week, because of their care leB#condly, short stay patientsf C5have to be
scheduled in the beginning of the weekincein C5 only short stay patients and day treatment
patients need to bed scheduletf the short stay patientare scheduled at the end of the week, the
ward can prbably not be closed on Saturdakhis implies thamore day treatment patients have to
be schedule at the end of the weelC5 is the day treatment ward and most of the patients have a
relatively short LoS. This ward consists of 33 beds and they have &@oew admissions a day.
Additionally, A3 and A5 kit havea capacity of 33 bedas well, butdeal withonly three orfour new
admissioms a day.

224 K3

The main problem inK3 is the combination of differentspecialties(mainly pediatrics, butalso
ophthalmology,special dental care, and urolggyt is possible that many differesipecialtieshave
an OR in the beginning of the day, which increases the workltracddition, the number of Rs
differs throughout the week with peak moments on Wednesdag Thursday. A soluticzould beto
plan less patients on Tuesday to be sure that theikk be enough capacity othe next two days.
However, thismight lead tounoccupied bedsAdditionally, he decentralized planning departments
often are too late wih their planningand many schedule changes are made during the week

There aresightday treatmentbeds available, but the ward uses cliibads up to a maximum of 13
beds when the demand is highdn exceptional circumstances, C5 will be used for aiioe of the
older children (16/17 years).

225 K4

This ward consists of threspecialties namely ENT, gynecology and urology. Therefore, the OR
schedule varies and the outflow of the OR leads to fluctuatiomedutilization. All threespecialties
havedifferent cae levels,which affects the workloadVioreover, there are peaks of utilization when
the amoun of oncology patients is higiTheefore, these patients should bdividedover the week.

In addition, oncology patientsare patients with an extendkLoS ENT patients can be used for
GFAL €AY e 3 atierssOavezairdativg sh6rial& aridlowcare level.
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Gynecology and urology patients arrive at 7:00 and ENT patiemstarrive at 6:45 a.mln K4there
are 30 beds available arit¥/28 bedsare usedfor elective patients. The other beds are reserved for
emergencieslf thereis a shortage of availabtesources C5is usedas back up.

2.3 Performance indicator s

Performance indicators ar@ useful measureto quantify the performanceof ORs and wards.
Cardoen et al. (2010) mentioned eight performance indicators: waiting time, throughput, utilization,
leveling, makespan, patient deferrals, financial measures, and preferences. We defined indicators
based on these eight indictoes well aghe problem analysis abovéhe ORdashboard and already
defined indicators of MSTWe divided the indicators into two categories, namelirR @nd ward
specific indicators.

2.3.1 OR

OR related indicators give insight in the performance of ORs. Due to a perforawaaigsis, OR staff
knows if adjustment should be made and if the current process functions according to their
preferences. Performance indicators for the OR are:

9 Utilizationis the amount of time a resource is used against the amount of time a resource is
available (Cardoen, Demeulemeester, & Belién, 2D10Rs can be ovesr underutilized.
Unnecessary costs are the consequence if an OR is underutitizedever,overtime and
cancellationsare the consequence of fully planned ORs without buff§le describethis
indicatoraspercentageutilization.

9 Throughputis the amount of treated patients per time ur{i€ardoen et al., 20)0Hospitals
try to have a high throughput, but not to the expense of quality. High throughptiie ORs
might havenegative results in wards, because the workloafdnurses increased the
throughput increases. However, increasing throughput indirethdsto shorter waiting
times. We defined number of surgeries as indicator for throughput

1 Makespanis the time between the first entrance of a patient and exit of the last patont
one day(Cardoen et al., 2090 However, an individual patient has a makespan as well,
because it is the time between admission and discharge. Hospitals try to minimize the
makespan. This leads to more patient satisfaction and possible higher throudlepgth of
surgery timedescribeghe makespan.

1 Levelingmeans smooth resouec occupancies without peak&ardoen et al., 2030 This
indicator is useful in wards, because fluctuations in bed utilizgirobablylead to admission
stops or boarding and thereby surgery cancellations. It is hard to react on fluctuations in
terms of resources (i.eemployees), especially when utilization varies over a day. This results
in a process of all or nothingVe describe leveling as variation in utilization.

2.3.2 Ward
Ward related prformance indicators are necessary for our research as well, because the mais goal
to level ward utilization. The following indicators describe the performance of wards:

9 Utilization besides being performance indicator for O&escribes the performance efards
as well. Thereforegpercentageutilization isused again.

1 LoSisthe cownterpart of surgery time. Therefore, we seldaiSto describe themakesparof
wards.



1 Thethroughput for wards is defined as theumber of admitted and discharged patients
Additionally, we use the oment of admission and discharge performance indicator
1 Levelingn wardsis described athe variation in utilization.

2.4 Data analysis

Different factors influence the utilization of wards and ORs. First, we will describe the division of
patients over differentspecialtiesand what type of patients neexsurgery. ORelated factors consist

of the amount of time aspecialtyhas availableand how much of that it actually usefor example,

ward performance is described liye utilization aml its corresponding variatian

We use the coefficient of variatiorC{) to give insight in the variability.is given by the following
formula

6w —
The CV is a dimensionless quantity since the standard deviation is scaled by the mean. Therefore it is
independent of the unit corresponding to the quantity we are calculating the C\ fiis. makes CV
very useful for comparing variability of different gpaties and wards, each having their own
different mean.Though the disadvantage is that the CV is large for means close to or equal to zero.
Therefore, we draw conclusions carefully if the mean is close to zero.

2.4.1 Patient population

12861 patients underwentsurgeryin the period from 0105-2013to 3004-2014 The percentage of
patients perspecialtyis given inFigure 3. General surggr has the highest amount of patients
namely 40%However, his amount consists of subdivision of threespecialties traumatology,
vascular surgernand oncologyOrthopedicsobtainsa highpercentage as well (19%)d consistsof
orthopedic patientsonly.

Percentage of admissions per specialty

H General Surgery

m Special Dental Care
u Gynecology

® Oral and maxillofacial surgery
mENT

u Gastroenterology
= Neurosurgery

m Ophthalmology

u Orthopedics

u Plastic Surgery

u Urology

Figure3: Percentage of admissions pspecialtyduring 01-05-2013to 30-04-2014, n =12861, source: ORSte.

21



22

Eachspecialtytreats different patient types. We divided eadpecialtyinto elective and emergency
patients. Both typesare sub-divided in clinical patients and day treatment patients (MXyure4
showsthe percentageof patient types within eaclspecialty In this figure eachspecialtysums upall
patients of that particulaispecialty giving a total of 100%Combining this withFigure3, 100% of
general surgery ifrigure4 means 40% of the total patient populatioAccording td-igure4 the ratio
of elective M10,elective clinicaland emergency patientsliffer per specialty Therefore, the OR
schedule should incorporate these differendesalign diferent specialtieso each other, especially
when a ward consists of differespecialties

Division of patient types per specialty

m Emergency-Clinical

Emergency-M10

m Elective-Clinical

m Elective-M10

Figure4: Percentages of patient types pepecialtyduring 0:05-2013to 30-04-2014, n =12861 source: ORSte.

From Figure4, it can be concludedhat the amount of energency M10 patients is cloge zero.
Therefore, we grouped these patients togetheith emergency clinicahto one group ofemergency
patients. Table6 gives insight ito the statistics for the number of emergency patients. The number
of emergency patients increases during the weekl the variabilityis the lowest at the end of the
week

Table6: Number of emergency patigs per weekdayduring 0:05-2013to 30-04-2014, n 22217, source: ORSte.

Day | Mean | St.dev. | CV

Ma |6,92 2,38 0,34

Di 6,65 2,27 0,34

Wo | 7,74 2,78 0,36

Do |7,60 |3,37 0,44

Vr 9,81 2,38 0,24

2.4.2 ORanalysis

Eachspecialtygets theirown amount of OR timdased on theinumber of patientsFigure5 shows
the percentages of the total available OR time ppecialtyduring one year. These percentages are
comparable to thepercentages of admissions kigure3. The difference®riginate for example in
the surgery duration. Apecialtywith more complicated and longesurgeriesneeds more surgery
time. Neurosurgery on avagetakeslongerthan surgeries of ther specialtiesand thereforeobtains

a higher percentage of OR time compared to tlpgircentage of patients.



Percentage of OR time per specialty

m General Surgery

m Special Dental Care
m Gynecology

m Oral and Maxillofacial Surgery
EENT

m Gastroenterology
m Neurosurgery

m Ophthalmology

u Orthopedics

m Plastic Surgery

& Urology

Figure5: The amount of OR time pespecialtyof a total 22535 hoursluring 0205-2013to 30-04-2014, source: BLOKplan

Specialtiegjet their amount of OR time, buhis does not mean that the total available time is used.
Figure6 shows the utilization of OR timéJtilization of manyspecialtiesis close t090%. However,
special dental care, OMS, EMfd ophthalmolog areclose to 80%A percentage 020% of thér OR
time remains unusedit is remarkable that almost evegpecialtyhasabout 10%or lessunused OR
time.

OR utilization per specialty
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Figure6: Averageutilization of OR timeduring 01-05-2013to 30-04-2014, source: ORBe & BLOKplan

There is variation in utilization of ORs, kthie CVis low for almost allpecialties The highest
variation occursfor the elective patient flow oplastic surgeryGastroenterologyasrelatively high
variationaswell. The difference between the eleeg flow and the elective + emergency flow is very
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small We can conclude that the emergency flow has a small influence in OR utiliZBtierefore,
we have to review the elective patient schedulipmgcess if we want teshangeOR utilization.

Table7: Coefficient of variation for utilization of ORs pepecialty.

Specialty CVElective | CVElective + Emergency
General Surgery 0,20 0,17
Special Dental Care 0,13 0,13
Gynecology 0,24 0,25
Oral and Maxillofacial Surgery| 0,15 0,16
ENT 0,18 0,18
Gastroenterology 0,28 0,27
Neurosurgery 0,19 0,20
Ophthalmology 0,17 0,17
Orthopedics 0,13 0,13
Plastic Surgery 0,31 0,33
Urology 0,23 0,22

The OR utilization is mainly determined by the surgery durafégure?, Figure8 and Figure9 give
an overview of the surgery duratidior all specialties All patient types have a rigiskewed graph
like a lognormadistribution. ElectiveM10 patients havean average surgery duration @bout 54
minutes and a standard deviation 5 minutes.
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Figure7: Surgery duréon for elective-M10 patients of allspecialtiesduring 01-05-2013 to 3004-2014, n #4251, source:
ORSiite.

The fequency ofelective clinical patientsis more spreadout. The average duration is about 108
minutes with a standard deviation of 68 minutd@hese people haverobably a highecare level de
to longer surgery duratiosn
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Figure8: Surgery duréon for elective-clinical patients of alspecialtiesduring 01:05-2013to 30-04-2014, n = 6393,
source: ORdte.

The distribution of Figure9 is commrable with Figure7, but the frequency isigher for longer

surgery duratios. Emergency patients havan average surgery duration of 79 minutes aad

standard deviation of 48 minutesM10 patients oftenhave alower care level than clinical or
emergency patients. Therefore, it is plausible that the surgery duration is lower as well.
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Figure9: Surgery duréon for emergency patients of apecialtiesduring 01:05-2013to 30-04-2014, n = 227, source:
ORSite.

2.4.3 Ward analysis

Ward utilization starg with admission of patientand ends with dischargéVe made these moments
insightful by analyzing the data @ective patients overone year.Figure 10 showsa peak of
admission at 8:00.m. and a peak of dischaegat 12 pm. and 15 pm.

Moment of admission and discharge of elective patients
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Figure10: Frequency of admission and discharge at each hour of all elective patients during52013to 30-04-2014,
n=10642, source: Xcare
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The emegency flow is hard to regulatédecause oits unpredictability In Figurell, you can see that
the admission of emergency patients is leveled over the ddjs flow does notldictuate the
workload of nurseshat much, because of evenly distributed admissions

Moment of admission and discharge of emergency patients
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Figurell: Frequency of admission and discharge at each hour of all emergency patients duri@$-Q2013to 30-04-2014,
n = 2219, source: Xcare

We have to analyze the variation in wards in more detail to create an interventianfitahe
requirements of MSTFigurel2 shows the utilization of wards. You can see that the variation of C5
(day treatments) ishe highest C5 and K3 arthe onlywards that exceedheir maximum capacity of

33 and 8beds.However, ve did not consider the reuse of beds on the sadag, whichis probably

the fact inCh C§5 K3, and Kéonsistof different specialtiesand have a relativg large dispersiorin
utilization. Therefore, the alignment betweespecialtieds probably insufficient.
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Figurel2: Boxplot o the bed utilization in wards duringd1-05-2013to 30-04-2014 n = 12861, source: Xcare & QRS.

We will analyze warditilization in more detail. Therefore, we creatéithble 8 with a statistical
overview of the wardper patient type The btal CV for C5 and K8relatively high compared to the
other wards However other wardsobtain fluctuations as wellThis isonsistent with the boxplot of
Figurel2. Thevariationfor emergency patients is higis well butthe mean is smallTherefore, the
impact of this flow igelative small.Elective clinical patients increase the fluctuations at the C5 and
K3 because of the high value for C\Elective M10 patients increaseriability at the C5 and K3.



Table8: Mean, standard deviation and CVfor utilization per ward per patient typeduring 01-:05-2013 to 3604-2014,
n=12861, source: Xca& ORSuite.

Ward | ElectiveM10 ElectiveClinical Emergency Total
Mean Stdev | CV Mean | Stdev | CV Mean | Stdev | CV Mean | St dev | CV

A3 0,06 0,23 4,06 | 13,27 | 5,02 0,38 | 1,97 1,93 0,98 | 15,30 | 5,17 0,34
A5 0,11 0,41 3,83 | 13,15 | 4,40 0,33 | 1,68 2,13 1,27 | 14,93 | 5,30 0,36
B4 0,20 0,57 2,85 | 10,13 | 4,16 0,41 | 1,66 1,32 0,80 | 11,99 | 4,30 0,36
C3 0,04 0,25 6,03 | 8,88 3,41 0,38 | 3,45 2,77 0,80 | 12,37 | 4,70 0,38
C5 8,72 6,88 0,79 | 7,16 5,72 0,80 | 0,34 0,59 1,74 | 16,21 | 11,00 | 0,68
K3 1,84 2,09 1,14 | 1,43 1,45 1,01 | 1,13 1,15 1,02 | 4,40 2,94 0,67
K4 0,90 1,35 1,50 | 9,33 4,56 0,49 | 0,66 0,82 1,24 | 10,89 | 5,31 0,49

We mentioned earlierthat the humber of patients does not exceed the maximum capacity in most
wards, but Appendix B shows that many wards treated patients of anafhecialty This means that
there are boarded patients and thereby probably overutilized wards or incorrecthked treatment
codes,though medical patients can cause boarding as wAlbpendix C shows the utilization per
ward during the first quarter of 2014. You can see that there are fluctuations in each ward during this
period. These figurealsoshow the numler of admissions during this period. It seems like the curves
of utilization and admissions match. The correlation coefficient between admission and utilization
confirmsthis, especially for C5, K3, and K4 (3edble9). We can tentatively conclude that, when we
regulate admissions we can regulate the utilization of wards.

Table9: Correlation between utilization and admssons in wads during01-05-2013to 30-04-2014, n = 10642, source:
Xcare

Ward | Correlation coefficient
A3 0,38
A5 0,49
B4 0,56
C3 0,41
C5 0,94
K3 0,89
K4 0,76

Figure 13 shows the LoS of elective M10 patients. M10 patients are day treatment patients and
discharge will be on the same day as admission. However, the figure shows patients with a longer LoS
than ane day. These patients fluctuatbe utilization, because it was not the intention to treat them
longer than one dayThe average LoS of day treatment patients is 0.44 days with a standard
deviation of 0.43 days.
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Figurel3: Lengthof stay forelectiveday treatment patientsduring 0:05-2013to 30-04-2014, n = 4251, source: Xcare

Hective clinical patienthaveanaverage LoS of 3.9 days with a standard deviation of 6.0 Bayge
14 shows the LoS of these patients. Most patients leave the hospital withirdays (one nigh)

followed byon 2.5 days(two nights). Patients with a short LoS could be classified as stayt (SS<=
15 day9 and the other patients as long stay (3.5 day9. However,a small group of patients has
LoS of 0.8 dayandthey are actuallyM10 patients
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Figurel4: Lengthof stay forelective clinicalpatients during 0:05-2013to 30-04-2014, n = 6393, source: Xcare

Emergency patiestare M10 and clinicalFigure 15 shows the distribution of emergency patients
with an average LoS of 6.3 days and a standard deviation of 9.5 Tlag4.0S of emergency patients
is relativdy longcompared toclinical patiers.
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Figurel5: Lengthof stay forelectiveday treatment patientsduring 0:05-2013to 30-04-2014, n = 2217, source: Xcare.



M10 patiens are discharged at the day of surgery if we assume that M10 patients dctapt
overnight. Therefore, the admissions of this patient group should be constantlevel ward
utilization. Figure 16 shows the admission of M10 patients during ogearter at weekdays We
conclue that it is far from constant and the alignment betwespecialtiess insufficient.

Admissions of elective M10 patients
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Figurel6: Number ofM10 admissions each day during 621-2014to 31-03-2014at weekdays, n = 935, source: Xcare.

2.5 Problem analysis
The meeting with heads of wards and data analysis gives us insight in the current processes. The core
problemcan be stateds:

Variability in bedutilizationis too high

This problem is not a probleiitself, but is caused by severather factors. These factors are sub
problemsand can be identified as follaw

Insufficient alignment betweenpecialtiedn scheduling of patiats
Insufficient alignment between wards and scheduling of patients
Insufficient alignment betweenpecialtiesand wards

Insufficient synchronization between admission and discharge
Bad dvision of OR time over days asgecialties

Scheduling of patient pes

=A =4 =4 4 -4 4

Data analysis identifies fluctuations in the elective stredvioreover, the alignment between
specialtieds insufficient in for example M10 patienfEhe patient flow can be more constant if the
patient flow perspecialtyis more stabilizedif alignment between othespecialtiess improvedor if
there is morébetter communication between wards and the patient scheduling process

Other subproblems are identified in the meetings with heads of waads are not directly identified

in the dataanalysis It seemghat specialtiegget a preference position in OR time scheduliflis is
becausespecialtiesof one ward get too much OR time at the same day while divitiagOR time of

these specialtiesover different days decreases demand on tipatticular ward.Additionally, some

patient types need a specific care level and should be divided over the week, such as oncology
patients.
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2.6 Conclusions
The following questions antbrrespondinganswersconcludethis chapter

2.1 Whichkey-playerscan be idenfied in the planning procesand how isOR and warglanning
currently organized?

The planning process of MST is divided in centrally and decentrally organized planning. Centrally
organized planning consists of an admission desk that plans patientsrferajjsurgery, gynecology,

ENT surgery, ophthalmology, orthopedics, plastic surgery, and urology. Decentrally organized
planning plans patients for their specialty itself. Special dental care, stomatology, and neurosurgery
belong to this process.

2.2 How do wads experience current performances?

Ward staffexperience the OdzNNBy i LISNF 2 NX I yOS | a al finfwhighNJ y 2 ( K
many specialties are located. Ward planning needs more attention in the patient scheduling process

to reduce fluctuations in ward utilizatioft is hard to align central and decentral processes and the
admission planning does not know what the conseq@snaf their planning are on the wards.

2.3 What performance indicators can be identified?

Performance indicators are subdivided in OR and ward related indicators. We use utilization,
makespan leveling,and throughput as main indaors and these indicators arsubdivided into sub
indicators.

2.4 What is the current performané&

We conclude that fluctuations in bed utilization are too high. Many wards treat patients of different
specialties. Therefore, they are strongly dependent on the alignment/communicationeeetw
specialties. The example of M10 admissions shows dyHigltuated graph, as shown Irigurel6,

and thereby insufficient alignment between patie scheduling process and wards/ORs. The
emergency flow does not hava large influence onldéictuations in ward utilizationMainly the
elective patient flow introduces fluctuations.

2.5 What is the core problem, what are the consequencasd what factos) influences the
problem?

We identify alignment/communication between different stakeholders as root cause for our main
problem. This results in fluctuations in ward utilizatiomhese problems arise in the admission
scheduliy process of elective patients.



3 Literature research

Historically required rights play a major role in current hospital organizat{DesBruin, Nijman,
Caljouw, Visser& Koole, 200Y. This resultin misbalance between the actual negdnd what is
delivered. Hospitals see waits, delays and cancellations as inevitable and regrettable part of the care
procesgHaraden & Resar, 20p4They try to cope with days by adding resources, but tlmereases

the misbalance much more. These options are no loray&ilable due to savings in healthcare.
However, according tddaraden and Rear (2004 delaysare not a resource problem, but a flow
problem. Welorganized care will improve the patient flow. Therefore, this literature research
reflects on bottlenecks in patient flow and which solution approaches can be identified relatbd to t
problemsidentified in Sction2.5.

The beginning of each section explains which keywordsiseelto obtain the information for that
particular part. We used the literature review hitvak and Long (20Q0Agnetis, Coppi, Pranzo, and
Sbrilli (2013 and Van Oostrum (200%s starting point. Thkileads to a subdivision of our literature
research in causes of fluctuatiomns patient flows& health care processesnd organization of OR
planning to level bed utilizatior-rom there we selected other articles out of the reference list. If
there was 8ll an information gap, we tried to find information using search terms related to that
gap.These terms are given at the beginning of each sectwugle Scholar and Scopare usedto
obtain the literature.

To regulate patient flows, & have to knowthe causes of fluctuationsnd knowledge about
fluctuation managementAccording toLitvak and Long (200®ariability is the key determination
factor for fluctuations. Therefore, Section 3.1 describes variability in patient and health care
processes Sction 3.2 explainshow OR planningan be organize&nd how to incorporate bed
levelingto cope with these fluctuationdt isfollowed bychoice of the interventiomnda conclusion

in respectively Section 3.3 and Section3.4. Readers who already have knowledge about these
subgcts can continue witiChapters.

3.1 Variability
Patient flow¢ Fluctuations; Managirg ¢ Variability¢ Variationg Causes of fluctuations

Hospitals deliver care for patients with different types of diseagdisthese types have different
characteristics with respect tthe patient flow In addition each disease delivers their amount of
fluctuations in utilizationHarper and Shahani (20p@entioned variabilityasa factor that influences
patient flows.Variabilityarises due to for exampldifferences inLoSor surgery durationLitvak and
Long (200pdividedvariability in natural and artificial variability.

According tdLitvak and Long (209@atural variabilities arelinical, flow and professional variability.
Patients with the same disease have differences in degree of illness, sHoiceeatments and
responses to treatments. In addition, medical practitiondediver care in different waydNatural
variability canot be eliminated, but it has to be managed in the best possible (wiyak & Long,

2000. The best way to manage this group of variability is by creating homogeneous groups. These
groupsare compiledby usingthe disease type or severity.

Artificial variabilityis described as nerandom, non-predictable and driven by individugbriorities
(Litvak & Long, 20Q0Moreover, this type of variability outweighssiation caused by randomness of
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disease presentation Artificial variability increases lven managing of variability dysfunctian
According toLitvak and Long (20Q0variability in OR utilizations caused for 80% by elective
scheduled patients. The variation is not related to unexpected changedplibe introduction of
artificial variation into the systemThis form of variation is easier to eliminate, fexampleby
revision of schedes. However,improving patient flows cannot be done at an individual level
should be done as an interdependent system. An individual improved departmentwétesensthe
problem for other departmentsWe refer to Litvak (2005 for a more detaileddesgciption of
variability management

3.2 Organization of OR planning to level bed utilization
ORplanningg OR scheduling Bed utilizatiorg Tactical phase Bed leveling; Bed occupancy

There are two OR management problerascording toAgnetis et al. (2013 the master surgical
schedule problem (MSSP) and the surgical case assignoneblem (SCAP). The first problem is
typically a tactical level problem and the second focuses on short time hoaizdns therefore an
operational level problemBoth problens focuson maximizing OR utilization. We do mainsiderthe
second problem, beause it is not a problem on the tactical levBbor OR scheduling leads to
problems inwards as welli.e.fluctuations h bed utilizations and workload. This is at the expense of
quality of care.Ward planning is often not included in OR schedulilug to uncertainty in for
example LoS (Vanberkel et al., 20)1 However,to overcome variability in bed utilizatioward
planningshould beincluded

To give a chronological representatjome first explain master surgical schedulimgSection 3.2.1
Section3.2.2explains how an input faa master surgical schedul®§3 is created by using motke
The last sectiorshows possibilities to include ward utilization

3.2.1 Master surgical schedul ing
OR scheduling, OR planningg MSS¢ Master Surgical Schedule Modeling ¢ Van Oostrm ¢
Approachg Tactical phase

A critical resource of a hospital is the ARe activities inside an OR have a large impact on other
departmens in a hospital. Master surgical scheduling is used to schedule ORs. Accor@iagen

and Ketabi (201Q there are two types of MSS: block scheduling and open scheduling. We do not
consider open scheduling, because MST does not usestiiedulingtype. Block scheduling is
defined in different ways. Belién and Demeulemeester {@08efine MSS on specialty level by
assigning blocks tepecialties Another way to define MSS is on procedure level by assigning
procedures to ORévVan Oostrum, Bredenhoff, & Hans, 2Q1Blaster surgical scheduling used
direct/indirect for optimization of OR scheduldgyeling ofward utilization and construction of
robust schedules for tactical lev@f/an Oostrum et al., 20)J0However, the first two aspects are
rising

There are different patient flows in master surgical scheduling procesn®flow can beobserved
as care path for patients through different departments in a hospian Oostrum et al. (2008
divided patient flow in three categories, namely:

9 Elective patient types that frequently occur
9 Electve patient types that rarely occur



1 Emergency patients

The first categorpf patients can be scheduled at a higher planning level, because of the volume and
predictability of the involved patient types. The opposite of this patient group is the seganug.

These patients are difficult to predict, because of their seldom occurrence. This also applies to the
third group. They cannot be planned in advance, but slack may be used to cope with the
unpredictability of the second and third grogan Oostrum et al., 2008In this way, overtime and
thereby surgery cancellations can be minimized.

MSS isxecutal in a centralized or decentralized forffian Oostrum et al., 20)0n the centralized
form, aplanner decidesbout the division of OR time and assignment of patients. The disadvantage
of this form is small autonomy fasurgeons.The workloadon atactical level is substantialué to
requirement ofdata. However predictabilityand utilization aréhigh by the use ohistoricaldata. In a
decentralzed situation surgeons decide abouhe assignment of patients. Therefore, the surgeons
have a full autonomyThisresults in lack of communication between surgeohgensive online
operational control is1ecessary de to a lack oEommunication Howeverthe managerial workload
ontactical levelamount of recuired data and OR utilization al@w.

3.2.2 Modeling of patient flow in ORs
Modelingg Patient Flowg OR scheduling Simulationg OR capacity planningApproach

Since several decades, researchers try to model the patient flow inH2RR®er and Shahani (2002
mentioned four different approachefr modeling ofpatient flows in hospitatsqueung, integer
programming, forecastingand simulation.These methods support the creation of #SS For a
more extensive description we refer tdarper and Shahani (2002nd related articles.

QuelingYSI &adzNB&a GKS GAYS | LI GASYG A& AyMashalgae aidsS)y
Vasilakis, & HDarzi, 200h This method can help the planners to test scenarios and to tackle
problems in the patient flow They use analytic approximationgheuristics)or simulationsin which

each location is modeled with a queue. Discrete event simuldi@BS)s preferred to malel the

analytic approximationDEShangesstateson a fixed momenin time. Accading to Marshall et al.

(2009, the advantage of DES is that capacity constraints can be incorporated. Aatisaply is a

long runnirg time andargeoutput data. In addition, this method &ften ward or hospital specific.

Another method isniteger programming Thismethod startswith a linear progranmfollowed by
assignment ofextra constraintsto the original pogram (Bosch & Trick, 2005The hardness of
solvingdepends onthe amount ofconstraint. The goal is to solve an optimization problem with a
minimizing or maximizing objective function amdeger values This method can be useid the
strategicandtactical stage.

Forecastingusespatient movements as put information for the planne(Harper & Shahani, 2002

The plannercreates long term (number of ORs) andhortterm (staffing) decisionsbased on
historicaldata. It isnecessaryo make a proper choice of time series for admissions and discharges in
hospitals(Lin, 1989. Thishasa direct influene on the reliability of forecasting results.

Dumas (198busesa simulation model to level bed utilizatiolt. is necessary to incorporate the
features of the real situationush as waiting time, surgery duratipand length of stayo build a
model that reflects the real situatiorfDumas, 198p The outcomesire evaluatedand if necessary,
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adjustments arenade.The best scenario for the current situatiasichosenout of different setupsA
disadvantage of a simulation modekigpossible long running time

3.2.3 Modeling b ed utilization | eveling
Bed utilizationg Bed occupancy Fluctuationsg Modelingg Levelingg Tactical level

Many researchey included ward planning in the OR scheduling proc¥gs. give a overview of
these diffaent studiesand methodologiedy using the article ofgnetis et al. (2013 They divided
studies intactical and operational ével. We only considethe studies thatuse the tactical level
scheduling approachbecausethe operational level is outside our research scopée refer to
Agnetis et al. (2013and relatedarticlesfor a more extensive description of each method

Belién and Demeulemeester (200i@)roduce differentmixed integer programming (MI)odels for
minimization ofthe total expected bed shortagdhese models consist two different constraints.
The demand constraint ensures that each surgeon getsnaber of operating room blocks and the
capacityconstraint limits the amount of availadblocks. Random generated situatiare solvedoy
various MIP based heuristics and simulated anneal{Bglién & Demeulemeester, 20D7They
consideredany objectivesin a followup study The first objective ia maximally leveled bed
occupationfollowed by minimizingpf ORsharing Finally, the MSShould beeasy to understand and
is repetitivein many situationsThis scenaribias beertested in a Belgian hospitahd resultswere
describedby Belién, Demeulemeester, and Cardoen (2009

Chow, Puterman, Salehirad, Huang, and Atkins (R@ddated an intervention by combining two
models. This consisted on the one hand afMonte Carlosimulation model for the prediction of
surgical bed occupancy (MSS cycle) and on the other baad MIP model to level surgical bed
occupancy. The second model uses a niiypatients with a minimized bed requiremeim each

block

Santibafiez, Begen, and Atkins (2p0%ed a MIP model to schedule OR blocks for specialties into
ORsfor elective patients The aim is to minimize the peak bed usage or to stabilize waitinglfists.
addition, it calculatesthe patient mix andhe maximum throughputgiven the amount ofwvailable
resources This models used at single day planning level afwd hospitals with two types of beds
(regularand special)Constraints can be switched on/offo calculate different scenarios

Vanberkel et al. (20)-designed a MSSwith a team of employees. ThiSS was submitted to staff
and they decidd whether the MSS was acceptabor if changes shouldhave been madeThey
calculatel how ward occupancy weaaffected with the approved schedule€Thereafte; a new MSS
was created withousubmission ostaff membersThiswasdone by swapping specialty-operating
block of one daywith a specialtyoperating block of another dayoy taking into accounessential
restrictions The model evaluated each possible proposed MBfs process continued until whar
and ORstaffwassatisfied.The final MSS reded fluctuations and peaklemandin wards.

Van Essen, Bosch, Hans, VWudenhoven, and Hurink (201Ldreated a local search method based
on a detailed formulation A second method simplifies the objective function and thereby the
complexity. TheLoSof patients is considered as stochasflbe simplified methodgivespromising
results compared to the original methadth a reduction 020%in bed requirement



Van Oostrum et al. (20Q8ntroduced their model as amodel that coversthe number of ORs,
available time and the capacity. However, they do not consider the personal restricBtatk is
introduced b compensate possible overtim@he aim of the cread MSS cycle is to reduce bed
requirement. This is solved by a colungeneration approach and by mixeohteger linear
progranming (MILP).

Vissers, Adan, and Bekkers (2pficused on the ardiothoracic surgery planning lmsingan MILP
model. They cread a patient mix for each day, because each patient groeguires other
resources. The model evaluates scenarios on a tactical and strategic level. This model tries to
minimize the overand underutilization of resources.

We will expand the literature research with the approachGiérum (2014 Glerum (2013 tries to

level bed utilizatiorby minimizing artificial variation in bed demaaddimproving OR planningd-his
research is based oWan Oostrum et al. (2008Glerum (201 created an MILP model and a
Quadratic Assignment Problem (QAPhese mdels provide admission planners with advice. This
advice consists of a mix and volume of patients they should preferably schedule on each session to
minimize fluctuations in bed utilization. In this way, they reduce fluctuations in bed utilization and
bedrequirements.

3.3 Intervention selection

The context analysis and literature research are used to seleer moreinterventions that match
the requirements of MST. Data analysis gives insidlot patient flows and makes clear that the
elective patient flowintroduces fluctuations in bed utilization. Additionally, the contribution of the
emergency flow to fluctuations is minimal. This is confirmed\ggncy (2004 Fluctuations in ward
utilization could possibly decrease if we schedule patients based on OR otifimmeans that the
inflow consists of the right mix of patiemsuch that the ward utilization is more constant. In this
way, the alignment between different specialtimsproves Instead of regulating the elective patient
flow, we can redesign the OR schedul&is improves the outflow to wards and thereby alignment
between stakeholders, but it is much more difficult to realize this due to resistance of different
stakeholders.

LoS improvement is difficult to realize, but nurses have more time when workloadlused and

when they can predict their workloabetter. In this way, patient contact and patient care can be
intensified. This results in a possible improvement of LoS. Moreover, the workload in the morning is
high due to admissions, because many patiesuts assigned to a bed before surgery while they
actuallydo not need a bed. The discharge process introduces more variation than the admission
process and thereforéaspriority (Agency, 2004 Improving LoS and discharge pro@sssequires

an intensive role of nurses and a possiblerease of workload.

Another option is to give redime insight in ward utilization. In this way, specialties can react on it to
adapt their sequence of surgeries. Réale insight at wards gives nurses the opportunity to react on
it and it gives an oveiew of the situation.

All interventions are related to OR scheduling or admissions planning. Surgeons have their
preferencesin OR scheduling and are nwgery flexible. Redesigning dhe ORschedule results in
resistance and is difficult to realize in short period. The OR department of MST sees their
department as leading and most profitable and is therefore difficult to involve. Admission planning
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has less influence on ORs and uses the current OR schedule. Using the current OR schedule means
maintaining of current circumstances and only change the content of it. Therefore, our main focus is

on redesigninghe process of the elective patient admissions, because it has a high improvement
potential according to the NHS Modernisation Agency (20d#d)ak and Fineberg (2018nd Glerum

(2014. Managing variation in admissions leads to reduction of cancellations, improvement of clinical
quality, and reduction of waiting listAgency, 2004 Moreover, our data analysis confirms that

there is more variability in the elective flowhen compared to tle emergency flow. When we
regulate patient admissions, we can regulate ward utilization.

Glerum (2013 mentioned that his model can be used to optimize other hospitals that face the
similar planning and scheduling problems. MST uses a surgery schedule on specialty level and
schedule patients on the firgtvailable session without considering the resulting ward utilization. The
mathematical model fits the requirements of MSGlerum (2013 used a Mixed Integer Linear
Programming model (MILP model) and a Quadratic Assignment Problem model (QAP model), but
advices us to use only the QAP model because of more promising results. Therefore, we use the QAP
model and expanthe existingresearch vith a simulation model to calculate the results for MST and

to vary input settings for a sensitivignalysis. We refer to Chaptdrfor the description of the QAP
model.

3.4 Conclusions
Subquestions are created to support and to give an answer on the main question. The following sub
guestions anatorrespondingconclusionsre found:

3.1 What causes high fluctuations in batlization?

Variability is the main cause of fluations in patient flows. Variability is divided in natural and
artificial variability. Natural ariabilities areclinical, flow and professional variabilitfhesetypes of
variability cannot be eliminated, but it has to be managed in the best possible Wirtificial
variability is described as neandom, nonpredictable and driven by individuadriorities. The
variation is not related to unexpected changes, tuthe introduction ofartificial variation into the
system and is easier to manage.

3.2 How canOR planning on a tactical level be organized to levelutiéidation?

MSS is used to create OR schedules. The literature mentioned four different methods to support the
creation process of sucmaMSS, namely queuing, integer programmifigecasting andsimulation.
Additionally, many researchers included ward planning in the OR scheduling process. The most
interesting approach for us is @lerum (2013 This approach provideadmission planners with
advice. This advice consists of a mix and volume of patients they should preferably schedule on eac
session to minimize fluctuations in bed utilization.

3.3 What improvement concept is applicable for the situatadST?

As mentioned before, the approach &lerum (201%is most interesting for MST. We use the QAP
model, becauseat has themost promising results and MST faces similar planning and sc¢hgdul
problems as described l§ylerum (2014 We ex@and this approach with a simulation study.



4 QAP model

Chapter3 introduced possible interventions. We decide to redesign the admission planning of the
elective OR flow with the aim to reduce fluctuations in walysthe model ofGlerum (2013
Therefore, Saction 4.1 starts with the model description followed by thexperiment settingsin
Section 4.2 Finally,Section 4.3 shows the resultselated to the QAP model output arfééction 4.4
shows the relation between QAP model and fixed quota

4.1 Model description

ThisQAPmodel is developed bglerum (2014 We briefly describe the model in this sectionoFan
extensivedescription,we refer toGlerum (2013 Chapter 5 and 6Glerum (2013usedthe following
goals:

1. Minimizingartificial variation in bed demand by improving the OR planning.
2. Creatingstrategies to cope with natural variatian bed demand

Glerum (2013describes their model as:

G¢KS YIOGKSYFGAOKE 2LIAYAAlLGA2Yy Y2RSt Aa ol
programming and is programmed in IBM ILOGEXPaptimisation studio 12.5Ve use
mathematical programming because it provides us with solutions diorcombinatorial

optimisation problem where we optimally use our resources. Mathematical programming

also provides flexibility in adding and modifying constraints. The phase one objective is to
reduce fluctuations in the demand for beds by assigning vohmdemix of case types to

OR sessions for each day in the planning cycle. The mathematical model gives an answer

to the following question:

Given a certain Master Surgery Schedule and expected demand, when should we
schedule which case types and in whdtwmes?

The mathematical model is based the technique used Byan Oostrum et al. (2008

relate the surgical schedule to resulting bed demand. However, there are differences
between the approach and goal of our reseacompared tovan Oostrum et al. (2008

Van Oofrum et al. (2008 aim to minimise the number of opened ORs and the resulting
bed requirement, by creating an optimal cyclic surgery schedule from a set of surgical
procedures. We aim to minimise the bed requirement, by creating an optimal case mix
per OR session within an existing cyclical block schedule. We therefore provide a
refinement on the existing MSS on a specialty level, wh&raasOostrum et al. (2008

create a new MSS on procedure type level. For a description of these different types of
MSSs see Section 3.3.1. We choose this approach because the St. Antonius hospital
currently uses an MSS on specialty level and a new MSS on procedure type level is
considered to have a low probability of being implemeni¢ahn Oostrum et al. (2008

create their cyclical schedule based on the most frequently occurring medically
homogenous case types whereas we use case types based on LOS duration. We can
therefore capture all electivdemand in our model, whergan Oostrum et al. (2008
disregard infrequently occurring procedures. Contraryda Oostrum et al. (2008ve do

not use a probabilistic representation of the surgery duration, because we only use
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surgery duration to ensure the case mixes resulting from the model are practically
feasible within the existing OR tim&oal 1covers our main g and idea of the
interventionto redesign admissions planning of elective patié(@erun, 2019.

Appendix D showsiput parametersjndices and decision variables used in the mathematical model.
Additionally, Appendix D describes the objective function and consgrafthe QAP model.

4.2 Experiment settings

This section describes tharioussettings that araequiredto execute the modeMWe do not give an
extensive description about the analysis behind different parameters, bedalegsam (2013 gives a
detailed desdption about these findings iBection6.1 and 6.2.

The following input parametersare given in Appendix, Ehey descibe all surgicakpecialtiesand
surgical wards:

9 Surgicakchedulg(480 minutes OR capacity preitl OR session)
Case types per specialty

Designated warger case type

Forecasted demand per case type

Expected length of stay per case type

Expectel surgenyduration per case type

= =4 =4 4 A

Glerum (201%created caséypes in the following way

AAAAA
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surgery durations follow a lognormal distribution. We make this assumption

considering the data has a low predictive value. We fit the data to aologal

distribution and use the expected value as an estimator for the surgery duration. This

logistical information serves as the bases for the creation of case types. The highest

aggregation level in the case types will be the specialty to which thenpatielong,

corresponding with the blocks in the master surgery schedule. The division of patients

into subgroups within a specialty is based on the surgery duration and length of stay,

GAUGK GKSANI O2NNBALRY KGleyir®, 261 2 OKF aGA O RA &G NR 6 dzi

We created case types in the same wayGisrum (2013 did. Designated wards were difficult to
create, because sonmgpecialtiesare divided over different wards and the model cannot handle this.
Therefore, we assignesS and LS patients edichspecialtyto one specific wardThis means that all
general surgery patients are located at the A3 instead of A3 and C3. Imethéhospital general
surgeryis located at one floor, so the model is a representationthe future. We refer toGlerum
(2014 Paragraph 6L.2 for an extensive descriptioabout parameter settings.

Tablel0 gives insight in the patient population that is suitable for plannifige data is derived from
quarter one 2014We exclude emergency patients, because they cannot be planned in advance.
Chidren are excluded, because they are treated in special wards and these wards are thside
scope of this research. Patienwith missing data are excluded as well. To analyzeddgraand for
specialtiesit is necessary to exclude patients that have iplé¢tOR visits during their LoS.



Tablel0: Patients suitable for planning by the modebut of the period 0201-2014to 30-03-2014, n = 3677, source: Xcare

& ORSiite.
Scheduled by the model | Not scheduled by the model Total
Percentage| # of Children| Emergency| Missing | Multiple population

patients data Visits

KCH | 76% 73 14 9 0 3 96

CHI 64% 931 81 321 8 92 1447

GYN | 66% 266 2 119 11 6 404

KNO | 76% 143 40 2 0 2 187

0O0G | 71% 29 10 2 0 0 41

ORT | 90% 588 38 28 0 2 656

PCH | 80% 184 14 16 2 15 231

URO | 74% 175 43 12 0 7 237

NCH | 83% 269 8 47 1 13 325

BZH | 28% 15 35 0 0 3 53

Total | 73% 2673 285 556 22 143 3677

The percentage of patients that can be scheduled differsgpercialty The more patients we can
include in the modelthe closer wards come tonaimprovement potential.A lot of uncertainty

remains in wards the model cannot schedule patients.

4.3 Experiment results

The QAP model reaches a 1.63% optimality gap after 73 secbmdsoptimality gap is considered as
small erough to be acceptabldzigurel7 shows the case miautput for the integrated approach in
MST.The graph shows thdT patients are divided over the week and most SS patients are planned
in the first half of the weekAdditionally, LS patients are plannegspeciallyin the second half of the
week.
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Figurel?: Case mix for all terspecialties n = 904, source: optimization model

Figure18 shows the results of the case miixrelationto bed utilization(weekendsexcluded. It is
clear that the QAP model reduces variationbed utilization.C5 treats many differenspecialties

but due to more predictability of DT patients the varianséower. However, if a patient occupied a
bed for half a day, we set it as a full day. Therefore, results could probably overestimate the be
utilization.

d
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Utilization per ward during one quarter
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Figurel8: Variation insixdifferent wardsduring 0601-2014 to -03-2014, n = 2712, source: OW® and Xare &
optimization model

The QAP model has consequendaisthe variation of OR utilization as weRigure19 shows the
variationin utilization for alltwelve ORs in MST duringjxteen weeksThe dispersion of dator
many ORSs larger than in the realized situation of Q1 2014, but the utilizafimnthe QAP model
does not exceed00%. According to the QAP model a lot of OR tsweused. However, 27% of the
surgery related patient populatiois not included.
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Figurel9: Variationin ORutilization during 0601-2014 t027-04-2014, n = 36@, source: OR$te and Xcare &
optimization model.



Figure20 shows the number of OR days p&pecialtyin each ORThe variation in OR utilizatiors i
higher if morespecialtiesusea particular OR. Faxample,OR lis mainly used by neurosurgegnd
has a small variation in the boxplot. OR 5 is used by dpacialtiesand has a high variation in the
boxplot ofFigurel9.

# of OR days per specialty per OR

OR1 OR2 OR3 OR4 OR5 OR6 OR7 OR8 OR9 ORI10 OR11l OR12

B KCH mCHI m GYN mKNO mOOG m ORT mPCH m URO = NCH m BZH

Figure20: Number of OR daygper specialtyper OR during four weeks according to the surgery schedule in Appendix E
source: BLOKplan

4.4 Fixed quota vs. QAP model output

Asmentionedbefore, MST uses fixed quatathe planning process of elective patientdis principle
supports admission planners to schedule patients according to guidelines. These guidelines consist of
a minimum and maximum value. The number of patiethat should be planne@ach day lies
between these values. It is interesting to see what the difference is between the fixed quota and the
output of the QAP model. We visualized the fixed quota and QAP modpltoper specialtyin
Appendix Gand gave oa example irFigure21. All figures are based on the month March.

It is emarkable that almost alpecialtiesfit the fixed quota. For some specialists the minimufn o

fixed quotais higher than the QAP model output (s€&gure21 for an example of neurosurgery

| 26 SHSNE OKAf RNBY NB AyOftdzZRSR Ay (G(KS FAESR |jdz2i
gaps with children, every QAP model output reaches thémmim of fixed quota. Additionally, some
specialtieeexceed the maximum of the fixed quota. We cannot conclude that it does not fit in the OR
schedule, because it depends on the surgery duration of a patient type.

Fixed quota vs. QAP model output NCH
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Figure21: Fixedquota vsQAP model output for NCH in March 2015, n = 91, source: ORdashboard & optimization model.
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4,5 Conclusion QAP model
This chapter describes the QAP modeGtérum (2013 We draw conclusions based on the following
sub-questions:

4.4 How can we model the intervention?

Glerum (2014 proposed aQAPmodel for determining the optimal mix of patiés as input for ORs.
This mathematical optimization model is builttBM ILOG CPLEX optimization studio

4.5 What experimental settings do we use?

The optimal case mix of patients is based on Leio@tBtay (LoS), within an existing MSS. The model
usesdeterministic surgery duration and stochimsLoS. We us&3% of the total surgery related
patient population, because we exclude children, emergencies, incomplete data, and multiple visits.

4.6 Howdoes the model operate

The QAP model reduces variation indbatilization. Moreover, the model reducesaximumbed
requirements witha total 0f29.4%.Tablel1 shows the bed requirements per warfdedudtion in bed
requirements is mossuccessful il€3, butC3 hasa relativdy small amount of patientsAdditionally,
reducing variation in bed utilization has a negative impact on OR utilization, because variation in OR
utilization increase$n most ORSMST can us¢he QAP model output as additional information to
specify the fixed quota, because it seems like a good fit between the model output and fixed quota.
However, extra research is needed to get morsight irto the patient population, becausmore
improvement can be reached if all patients are scheduled in the QAP model.

Tablel1: Maximum bed requirements during 061-2014 to 3603-2014, n = 2712source: ORS8te and Xcare &
optimization model.

Q1 2014 | QAP model | Difference
A3 56 44 -21.%%
A5 30 23 -23.3
B4 24 15 -37.%%
C3 10 5 -50.0%
C5 28 18 -35.™%0
K4 29 20 -31.0%
Total 177 125 -29.%%

4.6 Limitations

Some specialties are located in different wards, such as general surgery (A3 and C3). The QAP model
cannot handle this, so wassumed that this specialty is located at the A3 only. This limits the
outcomes of the QAP model for MST. By using the case mixes in the current situation, admission
planners should be alert in scheduling the right mix of patients for general surgergx&uople the

right mix of oncology and vascular patients per dagt more limitations we refer to Section 5.5 of
Glerum (2014



5 Simulation model
This chapter describes the simulation modelis used to evaluate | rormulate problem
the effectsof introducingthe case mixout of Chapted, in MSTThis | and plan the study

chapter is based on the methodologyladdw (2007. Thesteps of this <
methodology arevisualized irFigure 22Each section of this chapter J
corresponds with a step out of the methodology Oollect data and
define a model
5.1 Objective and scope '
The simulation model is used tnalyzethe outcome of theQAP l
model of Chapter4 and to test the influence of changestime case
mix. Therefore the following mairquestion is used: %@ No_
ocument valid?
How does the output of the model in Chapdgoerform according to \d\‘/
a simulation?
Yes
The following questions are used to find the answer on the main v

CGonstruct a computer

question: program and verify

1 How can wesimulatethe process of MST by using the output
of the interventior?

1 What experimensettings do we use?

1 Howdoes the simulation operafe

v

Make pilot runs

The scope of the simulation study consists of the elective patient
flow. This flow starts with the admission of the patients followedby
surgery and finallytreatment in ward We do not consider

emergency and children, because these flows are outside the sco
of this research. We use Siemens Plant Simulation 11 for the
simulation study and do not consider other software tools, because it

Programmed
model valid?

Yes
is a time consuming process to select the besil tand we do not v

have that time. Siemens Plant Simulation is a DES tool. DES B@ggn experiments
proven itself as an effective tool to aid the decision making lin
healthcare settingg¢Guinal & Pidd, 20tMes & Bruens, 2012

A 4
5.2 Conceptual model Make production

Designing and programmg a proper simulation model takes a lot of e
effort. It will often be faced with trial and error in each step. To
reduce the number of errorsve want to know how and whabur

model needs to do. Therefore, we formulated tsergery related
processes of MSih the form of flowcharts(see Apendix|). We
divided the elective patient flow in admissiof patients surgery and
ward related processesEach part is described in a flowchart. v
Additionally, we have made some assumptions to simplify the moddPocument, present,
Thefollowing assumptions are most important and have the largest 219 Use results

. . . Figure22: Steps ima simulation study
impact on the patient flow: (Law, 2007,

v
Analyze output data




All patients for surgery arrive at 8.00 a.m.

LoS is based on a lognormal distribution using random numbers.
Surgery duration is based on a lognormal distributiongisandom numbers.
There is no closing time for ORs.

Staff characteristics are not included

=A =4 =4 4 =4

5.3 Data gathering

We used the same distribution for LoS as in the QAP mddeke distributionsire createdoby using
historical data out of Xcare and ORsuiecordirg to the data analysis of Chapt2rthe distribution

of surgery duration has theame shape as LoS distributioBlerum (2014 states this as well.
Therefore, we made the assumptions to use a lognormal distobutor surgery durationThese
distributions are based on the historical data out of Xcare and ORsAppendix H shows all
distributions per patient typeWe used the case nds of Chapted and the surgery schedule of
Appendix Eas input parametersAll historical data and settings are out of the same period as used
for the QAP model, namely the first quarter of 2014. Except the surgery schedule, this is a ekrsion
the first quarter in 2015This surgery scheduleimmported outof BLOKplan.

5.4 Model description

Thissimulationmodel is used to verify the output of the QAP model and to compare it with the
reality. Figure23 shows the home screenfdhe simulation model. The blue selection consists of
methods and generators to initialize the model, to reset the model, to set parameters at the
beginning of the day, and to save veduat the end of the day. The red selection consists of the
different departments related to patients and surgeries. The orange selectimtainsthe OR
schedule, info abouspecialtiesand patients for surgery. The green selection consists of results
related to wards and ORs$n the purple selectiorone can observe theariablesof the current
simulation. Each part of the red seted frame is explained in the remainder of this sectidhe
other frames are seléxplanatory and can be found in the simudet model itself.

\_) M M MMM M‘ MMM M‘ S Variahles.

EvertController ~ Inik Reset Diawstart  SekDa DavEnd  EndDay 7l CurrentDay=56

MST . o ' N T ORCounter=673
- o © 7| PatientMo=1757

Wards
Settings Results
B
ORSchedule  PatientType 0 ORUtlization  WardUrilization
SpecialtyInfo

Figure23: Home screen simulation model.



Frames description
NOU: The NOU is the department before surgery and is displayedrignre 24. The table

NumberOfPatientgives the amount of patiestthat should enter the NOU angiatients will enter

the hospital inElectiveEntrancerheAdmissiormethod gives LoS and ORtime for egalient. These
values are based on a lognormal distribution that is detieed by historical data. Nexhe patient

will be sentto the WaitingRoom According to the patient type aravailability of arOR, the patient
will be sert to the OR with the metho&nterOR

1 M

MumberOfPatients  Admission

ElectiveEntrance WaitingR.oom

Figure24: Overview of the NOU.

ORs:Each OR is displayedHfigure25. The methodOutflow regulates the patient flow after surgery
depending on the patient type. Surgery time depends ondharacteristicattribute of a patient. The

table ORDashboardjives insight in the performance of each OR and saves some important OR
related data valuesEach OR is speieifl for a particularspecialtyat the beginning b each day
according to theDR8heduleof the home screen.
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' ' ' ' ' OutFlove
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Figure25: Overview of ORs.

Wards: Figure26 shows the available wards. Each ward teespecific patient type(s) and the LoS is
based on thecharacteristicattribute of a patient.Upon dischargethe patientwill be sert to the Exit
of the hospital with the methodischarge
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Figure26: Overview of wards.

Patients
The hospital cares for 30 different patienypes 10specialtiesand eachspecialtyhas DT, SS and LS
LI G6ASyGae ¢KSasS GeLlsSa FNB GNryatlrdSR G2 wm

characteristicsattributes. Table12 shows the differentharaceristics/attributes.

Tablel2y t F GASy G Q& | GGNRAOdzIS&d

CharacteristicsAttributes Description

PatientNo The number of a patient

PatientType tFGASYd GelLS MIHIXPIon
DestinationOR In which OR the patient undergoes surgery

LoS The Lo%f the patient in ward

ORtime Surgery time of a patient

5.5 Verification

GxSNATFAOIFIGAZ2Y A& O2yOSNYySR $6AGK RSOGSNN¥AYAYy3
GNFyatldSR Ayid2 (Uaw, Z0BYYMakizi réethbds iNadaableté check whether the
simulation model is valid.e. debugging, reviewing the model, and run the model under variety of
input parameters and check if the output isasmnable. First, we use debugging such that the model
runs without any bugs by usirmllet points and auxiliary variable$his is done for each part of the
model. We conclude that the model is valid to this point. Second, the model is reviewed by hospita
staff and by comparing process documents with our simulation model. Therefore, we consider that
the model is verified to this point as well. Finally, we run the model with small and large datasets to
see if the model corresponds with the expected outc@m&he output seems reasonable and we
conclude that the model is verified based on these three points.

5.6 Validation

dvalidation is the process of determining whether a simulation model is an accurate representation of
the system, for the particular objectize¥ (i K §Lad, 2aYRT® #alidate our model we compared

our performance outcomes with the performanoé the real situation in 2014These outcomes will
never give the same solutions, because of different seed values. ldoytbe smaller the differences

the higher the validity Table13 shows the difference in outconsebetween quarter one 2014 and
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