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Samenvatting

Aanleiding

Medisch Spectrum Twente (MST) is een topklinisakkenhuis dat op meerdere locaties in de regio
rondom Enschede is gevestigd. Het ziekenhuis omxeatel algemene operatiekamers (OK's)
afdeling, als Thorax OK’s. Dit onderzoek focussemrtde algemene OK'’s. De algemene OK'’s zijn
verdeeld over locatie Enschede en Oldenzaal, waanksichede de planning voor zowel de operaties
in Oldenzaal als die in Enschede codrdineert. Gatle de tactische planning wordt de beschikbare
OK capaciteit verdeeld over de verschillende spisai@n door de uitgifte van OK blokken. Bij het
toewijzen van deze OK blokken aan specialismenijdants het vullen van deze OK blokken met
electieve patiénten wordt tot op heden geen regegiiouden met de beschikbaarheid van resources,
zoals de beschikbaarheid van verpleegbedden. Bit kehommelingen in de vraag naar resources tot
gevolg en leidt tot resource conflicten. Door denmflicten dienen regelmatig operationele OK
programma’s gewijzigd worden, wat leidt tot ineiffictie en verminderde patiéntvriendelijkheid.
Naast een kwalitatieve analyse van het plantrajecnt dit rapport een uitvoerige kwantitatieve
analyse van de realisatie van de OK planning. W& de resultaten van MST vergeleken met twee
benchmarks, gericht op het logistieke resultaat®@#&rs van diverse Nederlandse ziekenhuizen. Met
het oog op de vulling van de OK programma’s valdapMST een lagere OK bezetting realiseert dan

verwacht mag worden aan de hand van de benchmarks.

Eén van de lopende verbeterprojecten binnen het M3iEt ontwikkelen van een electief behandel
centrum (EBC) voor laag variabele, hoog volumetedge ingrepen in Oldenzaal. Onderdeel van dit
plan is een uitbreiding van het OK complex in Olziad van 2 naar 4 volwaardige OK'’s. Dit rapport
neemt de gevolgen van de realisatie van een dgr@BiC op het resultaat van de OK afdeling en

verpleegafdeling mee.

Doel van het onderzoek
Naar aanleiding van de uitgevoerde kwantitatievkvealitatieve analyses luidt de doelstelling vah he

onderzoek als volgt:

“Het presenteren, evalueren en verifieren van imgetties die de OK bezetting verhogen, de
variabiliteit in de vraag naar resources verminderen het verminderen van het aantal keren dat een

OK programma wordt gewijzigd voordat het wordt aitgerd.”

Interventies

Om deze doelstelling te realiseren stellen we eietadl interventies voor:

» Het toepassen van een cyclisch Master SurgicaldbbhéMSS) in Oldenzaal.
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» Het koppelen van de verwachte vraag naar beddeciteipaaan het tactisch blokplan in
Enschede.

* Het verkorten van de geplande OK duur per operatie.

Cyclisch Master Surgical Schedule (Van Oostruni.e808b)

Qua karakteristieken is EBC Oldenzaal geschikt wmtoepassing van een cyclisch Master Surgical

Scheduling benadering. Hierin worden uniforme gesepan operaties vastgesteld, de “Master Slots”.
Deze groepen zijn zo uniform mogelijk op zowel nsetie als logistieke gronden. Vervolgens kunnen
deze (lege) sloten worden gepland in het OK programOp het moment dat een geschikte patiént
arriveert en een leeg slot beschikbaar is, kan at&mt direct in dit slot gepland worden. De

benadering maakt het mogelijk om op basis vanaetisth programma (zonder dat de daadwerkelijke
patiénten bekend zijn) uitspraken te doen over thige resources. Bovendien levert deze benadering
een framework waarin het mogelijk wordt al in eeoeg stadium patiénten op de OK programma’s te

plaatsen en daarmee van een OK datum te voorzien.

Koppel verwachte vraag naar beddencapaciteit aatigah blokplan Enschede.

Vanwege het verschil in case mix en een hogerahititeit in beschikbare capaciteit en vraag is het
voor locatie Enschede niet mogelijk gebruik te nmak@n een cyclisch MSS. We beperken ons
daarom tot het bepalen van een tactische blok plgnwaarbij op specialisme niveau wordt gekeken
naar het aantal operaties per OK blok en het eflatteen dergelijk aantal operaties heeft op de
uitstroom naar de verpleegafdeling. Na het genergem een beginoplossing, verminderen we de

variantie in bedbezetting en workload, door te sdmumet de verschillende blokken.

Verkorten van de geplande OK duur

Onwetendheid over de systematiek op basis waareagedlande operatieduur wordt berekend heeft
ertoe geleid dat de duur van een operatie strugtokerschat werd. Het terugzetten van deze waarden
zal moeten leiden tot een verlaging van de afwgkinssen gerealiseerde en geplande tijden.
Bovendien zal het verkorten van de geplande opehatir een verhoging van de OK bezetting tot
gevolg hebben. In de huidige situatie, berekengldeningssoftware de verwachte operatieduur aan de
hand van een opgegeven kwantiel. Door een hogentielde kiezen wordt meer rekening gehouden
met uitschieters in operatieduren, en wordt deayefd operatieduur groter. Een andere methodiek is
het vullen van OK programma’s door uit te gaan gamiddelde operatieduren, vermeerderd een
zogenaamde ‘witte vlek’. Door het plannen van edétewlek wordt ruimte gereserveerd in het OK
programma om fluctuaties in operatieduren op tegganWe vergelijken het effect van deze twee

methodes aan de hand van OK bezetting en kansesedlbeid overuren.




Improving elective OR planning at general ORs ofdideh Spectrum Twente

Verificatie

Om de aangedragen interventies the verifiéren gaedmuve een simulatiemodel voor het effect op

OK bezetting en overuren en een analytisch modet et effect op de verwachte bedbezetting op

verpleegafdelingen. Als input voor beide modellebrgiken we historische data van de algeme OKs

voor het jaar 2008.

Conclusies

Er is geen significant bewijs dat er door te plannget behulp van een witte vlek een beter
resultaat wordt behaald dan door te plannen metwagmtiel methode. Er is daarom geen
reden van de kwantiel methode af te stappen.

De cyclische MSS benadering zorgt voor een Kkleiigmificant verbetering van de OK
bezetting ten opzichte van het plannen zonder MSfadering. De cyclische MSS benadering
biedt daarnaast mogelijkheden om het direct inmanwan patiénten te ondersteunen,
waardoor de benadering zeer waardevol is voorimEitlenzaal.

Het verschuiven van de case mix als gevolg varelettief behandelcentrum in Oldenzaal
levert extra beschikbare capaciteit op in EnschBder deze extra capaciteit vooral tegen het
weekeinde leeg te laten en in het begin van de weéke plannen is het mogelijk de
variabiliteit op de verpleegafdeling aanzienlijkvierlagen. Voordat een dergelijke interventie
echter doorgevoerd kan worden dient allereersetfiett op directe resources worden bepaald,
zoals vraag naar personeel, verkoevercapaciteingnumentennetten. Een onevenwichtig
verdeelde OK capaciteit zal voor deze resourcss joi een hogere variantie leiden.

De realisatie van een EBC in Oldenzaal levert diedct een hogere efficiéntie op voor het
gehele ziekenhuis. Door de verschuiving van de gasewordt de OK bezetting in Oldenzaal

weliswaar verhoogd, maar dit gaat ten koste va@lddezetting in Enschede.

Hoe nu verder?

Voor wat betreft de gewenste OK bezetting, dienidt€ management een afweging te maken
tussen de baten van een hogere OK bezetting exstdmlvan een hogere kans op overuren.
Om het cyclisch MSS in Oldenzaal te kunnen impleerem is het noodzakelijk allereerst
uniforme groepen van operatietypen te definiérem de hand van zowel logisitieke als
medische aspecten. Als overeenstemming is beregttaeze groepen, kunnen deze groepen
vervolgens aan een cyclisch MSS worden toegevoregardoor het mogelijk wordt patiénten

die een dergelijke operatie moeten ondergaan divetd beschikbare sloten te plannen.

Om het cyclisch MSS in Enschede te kunnen toepassemeer onderzoek nodig naar de

mogelijkhneden om het cyclisch MSS om te kunnen nlagaan met reductieperioden en

seizoensafhankelijk fluctuaties in de vraag.
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Summary

Background and scope

Medisch Spectrum Twente (MST) is a top clinical itz with several locations in the surroundings
of Enschede. The hospital has both general opgratioms (OR) departments and Thorax ORs. This
research focuses on the general ORs. The genersla@Rlocated in Enschede and in Oldenzaal.
Enschede coordinates resource capacity planninigdibr locations. During tactical OR planning, the
tactical planner assigns available OR capacityattous specialties by the distribution of OR blacks
Currently, during the assignment of OR capacitg,tictical planner does not consider the avaitgbili
of resources, such as equipment or beds. This sdlis#uations in resource demand and leads to
resource conflicts. These conflicts regularly caplsamners to make changes to OR programs, which
leads to inefficiency and decreases patient satisfa Besides a qualitative analysis of the plagni
process, this report also shows an extensive datwsi analysis of the logistic performance of @R
department. We compared the results of MST to #dsalts of other Dutch hospitals, using two
existing benchmark studies. In comparison to thechmarks, MST's OR utilization is lower than

what could be expected.

One of the current developments within MST, isrdagization of an elective treatment center (Dutch:
EBC) in Oldenzaal. The EBC focuses on low varighilhigh volume, elective surgeries. Part of the
plan is to expand the current capacity of locatidenzaal from 2 to 4 fully functional ORs. This
research incorporates the effects of the realimaifoan EBC on the results of the OR department and

wards.

Research objective

Based on the qualitative and quantitative analyses;ame to the following research objective:

“To present, evaluate, and quantitatively verifyeirventions that increase OR utilization, decrease
variability in bed demand of surgical wards, andcgmse the number of changes to the OR program

before it is being executed.”

Interventions

To realize this objective, we propose three intetioas:

* Apply cyclic Master Surgical Scheduling (MSS) ind@hzaal.
» Evaluate the tactical block schedule in Enschedlggube projected bed demand at surgical
wards.

» Decrease the forecasted surgery durations.
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Cyclic Master Surgical Scheduling approach (Vant@os et al., 2008b)

EBC Oldenzaal is suitable for applying the cycliad¢er Surgical Scheduling approach. The approach
starts by defining various clusters of comparabi@ery types, the so-called “Master Slots”. These
clusters are as uniformly as possible based oncakalnd logistical characteristics. Before schedpli
patients, the empty slots can be assigned to tifieretit OR blocks during tactical planning. The
approach enables the planners to evaluate thecdhgiian on the demand for resources and the
expected utilization of OR capacity (without theolledge of which patients will arrive).
Additionally, the approach offers a framework byiefhit enables planners to assign patients to
available slots during the early stages of the ggsc thereby offering patients the surgery dates

immediately.

Link expected bed demand to tactical block schedule

The difference in case mix and the increased witialn the availability of capacity of location
Enschede prevent the use of a cyclic MSS. In aimidre able to comment on the effect of a tactical
block schedule on resource demand (of surgical syakde evaluate the tactical plan by examining
general characteristics of each specialty blockseBaon empirical distributions for the number of
cases per OR block and the length of stay of patienthe surgical ward, we are able to calcullaée t
probability distributions for the number of occupileeds of surgical wards. Based on this probability
distribution, we evaluate existing tactical bloathedules and decrease expected variability in bed

demand by changing the tactical block schedule.

Decrease forecasts of surgery durations

Ignorance on the methodology behind the calculatibthe planned surgery durations has led to a
structural overestimation of surgery durations. l#th the forecasted surgery durations leads to a
lower deviation between planned and realized syrghrrations. Additionally, decreasing the
forecasted surgery durations will lead to an inseean OR utilization. The amount by which the
forecast can be decreases depends on the desobdbpity of overtime. Currently, the planning
software calculates the planned surgery duratiormeyans of a specified quantile. By choosing a
higher quantile, more outliers are included, aral planned surgery durations increases. A different
methodology is to schedule surgeries using its eegesurgery durations and adding an amount of
“planned slack” to cope with uncertainty. We evéuthe effect of both methods on OR utilization

and the probability and amount of overtime.

Computational verification
To verify the proposed interventions, we use a ktian model for the effect on OR utilization and
an analytical model for the effect on bed capaaitgurgical wards. As input for these models, we us

historical data of the general ORs in 2008.
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Conclusions

There is no significant statistical evidence thagidtical performance increases by using
planned slack instead of the quantile method. Therewe find no reason for replacing the
currently used methodology.

The cyclic MSS approach, that schedules mastes siging list scheduling, leads to minor,
but significant benefits compared to schedulinghaiit master slots in Oldenzaal. Also, the
possibility of enabling the direct scheduling oftipats makes the approach valuable for
location Oldenzaal.

The implementation of the EBC in Oldenzaal chanipescase mix for both locations. The
extra capacity in Oldenzaal increases flexibilitythe tactical schedule in Enschede, since the
required capacity in Enschede decreases. By reglasiailable OR capacity towards the end
of the week instead reducing capacity evenly over week, it is possible to decrease
variability in bed demand of surgical wards. HoweMeefore actually implementing such a
tactical schedule, the availability of other resmsr has to be examined, such as the demand
for recovery capacity, and instruments. More ORacép towards the beginning of the week
creates more variability in the demand for theseatliresources.

The realization of an EBC in Oldenzaal does nosedncreased OR utilization for the entire
hospital. Although the shift in the case mix doapriove efficiency in Oldenzaal, efficiency

in Enschede decreases.

Further research

OR management should decide which level of ORzatilbn is desirable, thereby making the
trade-off between OR utilization and overtime (f@abttity).

Before implementing a cyclic MSS in Oldenzaal, amf clusters of surgery types have to be
formed, based on logistic and medical charactesistivhen these clusters are defined, they
can be assigned to Master Slots, which enabledsthg patients immediately after they
finished pre operative screening (POS).

To be able to use the cyclic MSS approach in Erdshiirther research is required on the

possibilities of introducing reduction periods atemand fluctuations in the model.

Vi
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Voorwoord

Beste lezer,

Hier voor je ligt een voor mij belangrijk versldy.rond er namelijk mijn masteropleiding Industrial
Engineering & Management mee af. Het onderwerp eg@mak afstudeer is het plannen van OK
capaciteit in het Medisch Spectrum Twente. Als jp2@ jaar geleden had gevraagd waar ik later zou
kunnen komen te werken had ik waarschijnlijk hekenhuis als één van de eerste dingen uitgesloten.
Ik had vroeger namelijk nog wel eens de neigingbijrhet binnengaan van een ziekenhuis gevaarlijk
wit weg te trekken, om te vallen en dan vervolgepseen brancard ergens in de gang weer bij te

komen.

Neem dan het onderwerp van mijn onderzoek: “OK milagi’. Mensen die mij kennen, weten dat ik
erg goed ben in het opstellen van planningen. $eimgenoeg heb ik nog wel eens moeite om me aan

mijn eigen, doorgaans wat optimistische, plannengduden.

Maar goed, hoe kwam ik hier dan wel bij? Eén varadéste vakken van mijn master was het vak:
“Optimization of Healthcare Processes 2”. Nadanijn bacheloropdracht bij een machinefabriek had
uitgevoerd, leerde ik tijdens dit vak een hele aadengeving kennen. Na het vak met veel plezier

gevolgd te hebben, kwam ik via Erwin Hans en Fi#&liotbers uiteindelijk terecht bij het MST.

Nu jullie weten hoe dit verslag zo voor je is komtn liggen, wil ik graag nog even van de
gelegenheid gebruik maken om een aantal persondredanken. Allereerst wil ik graag Cees
Schenkeveld bedanken, mijn begeleider vanuit hetT MGees, bedankt voor je input en je
enthousiasme. Ik heb met veel plezier mijn vordginmet je gedeeld, ook al moest ik af en toe even
op je wachten op het krukje bij Gondie. Verder ikilErwin Hans bedanken als eerste begeleider
vanuit de UT. Erwin, bedankt voor de tijd die jename hebt besteed, ook als ik weer eens een
foutmelding (of was het een ‘feature’ kreeg). Mafchutten, mijn tweede begeleider vanuit de UT
wil ik ook heel graag bedanken. Zeker ook voor @ bommentaar dat je telkens weer bij mijn
tussentijdse verslagen wist te schrijven. Het zergdin ieder geval voor dat ik kritisch bleef kirk

Al het MST personeel dat mij tijdens mijn afstudeheeft geholpen, bedankt!

Als laatste wil ik dan nog mijn familie bedankerap? Mam en Karen, dank je wel voor alle jaren
steun en toeverlaat. De laatste en meteen meestdogke persoon die ik wil bedanken is Marjolein.

Dank je lief, voor alles wat je voor me doet. Hygee eindelijk niet meer te onderhouden. Kus.

Gerwen Apenhorst
Enschede, juni 2010
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1. Introduction

This first chapter describes the motivation fosttésearch. It globally describes how developmients
society and the health care industry force Med&gbactrum Twente (MST) to improve their processes
in order to provide the high quality of care it vés to offer. This chapter describes problems that
prevent MST from achieving an efficient operatimgpm (OR) planning. Finally, we define the

objective of the research presented in this regoodtformulate the corresponding research questions.

1.1 Background

Recent developments in the social system in thénédieinds have forced health care providers to
examine their logistic processes. Dorsten (2005rilees two changes that have major impact on the
way health care is organized. First, the annualgbudepends on actual production instead of the
available capacity. This implicates that on averdgerevenues from performing certain treatments
should outweigh the cost price for this treatmehtsecond development is the introduction of
negotiable Diagnosis-Treatment-Combinations (DutoBC). A low cost price improves MST's
position in negotiation with health insurance oigations. Additionally, for a small part of these
negotiable DBCs, providing the best costs/qualityor can result in exclusive contracts with health
insurers. The percentage of DBCs that is negotiadéegrown from 10% in 2005 (Van Dorsten, 2005)
to 31% in 2010 (Nederlandse Zorgautoriteit, 20Q0)e Dutch healthcare authority has advised the
ministry of Health to expand the negotiable parttbé DBC to 50% in 2011 (Nederlandse
Zorgautoriteit, 2010). These developments increase importance of offering high quality care

against competitive prices.

Both developments increase the importance of optigithe utilization of expensive resources such
as ORs. MST distinguishes between general and dico@Rs. The thoracic ORs are physically

separated from the general ORs and are dedicatdémbitacic surgery. The general ORs are used by
several independent specialties sharing resounegs & OR time, OR personnel, equipment, and
recovery space. While many different parties amolired in the planning and scheduling process,
even more parties depend on the outcomes of thecB&dule. Therefore, improving OR planning and

scheduling not only concerns the OR with all inealvparties, but also downstream functions (e.g.

recovery, ICU, and wards).

1.2 Context description

MST is one of the largest non-academic hospitalthen Netherlands. Its core business is to offer
curative care for the Twente region. With locatiam€Enschede and Oldenzaal, MST has a service
area of approximately 264,000 people. The entigamization consists of approximately 4,000

employees, among which 200 medical specialistsidBesasic care, MST also delivers topclinical
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care and is one of the 11 trauma centers in théedands (Medisch Spectrum Twente, 2008).
Cardoen et al. (2008) indicate that the operatiegtre is the most important revenue and costeentr
in an hospital . Improving processes concerningQRs will therefore affect the performance of the
entire organization. In 2008, MST's general ORsted little over 15,000 elective patients and

approximately 1,300 emergency patients during segubrking hours.

In 2008, a reorganization changed the organizdtistracture of MST. The organization is now
functionally divided into multiple departments. $imeans that each surgical speciality is orgariized
its own department and is therefore responsiblétdoown performance. Medical specialists however
are often not employed by the hospital, but areuoied in separate partnerships. This makes i€ mor

difficult to direct them.

1.3 Problem description

Various specialties share the general ORs. Eactiadigemakes production agreements with health
insurance organizations. Based on these agreetheytsequest OR capacity. The distribution of this
OR capacity is centrally organized. After an OR nattee assigns blocks to different specialties, the
specialties individually assign surgeons to spedifocks. Each specialty organizes the actual ipatie

scheduling individually (decentral planning apptwad he general focus lies with creating a schedule
according to a specialist’'s or specialty’s prefesm without considering the availability of shared

resources. Variability in both the arrivals of peatis as well as the durations of surgeries, however
complicates the scheduling process. To cope wighvriability in arrival process of patients, most

specialties postpone the actual scheduling of miatientil the last possible moment. General surgery
for example, completes the OR schedule only onépeer to the surgery. Neurosurgery postpones

the completion of the schedule even further umé day before surgery.

Although MST uses a software package to supponngles, the usage of this software remains limited
to a digital plan board and data collection todheTsoftware does not offer tools to optimize a
schedule or to prevent or identify resource cot#litn order to make sure that ORs are not over- or
under- scheduled and to avoid resource conflicisOR committee weekly evaluates next week’s
program. This is the first time in the process thabordinating party examines the OR utilizatiod a

availability of resources on an integral level.(®meurosurgery does not complete its schedulé unti
one day before surgery, the OR committee does ake into account the resource usage of
neurosurgical surgeries. Instead, a part of theures capacity necessary for neurosurgery is rederv

The day before execution of the program, the daydinator reevaluates the complete program.

In case the OR committee identifies research amsfin next week’s program, planners have to adjust
the OR program. Other causes for changes in th@©&am are: insufficient consideration of the

occurrence of semi-urgent and emergency patieaigetiations by patients, and ad hoc changes due

4
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to decisions of a specialist. Since several (supug)rdepartments rely on the weekly OR planning
evaluated by the OR committee, every change inpfegram during the last week has to be
communicated to the appropriate departments. The mieanges occur, the more work the central
planner gets and the more the planning and prepasabf supporting functions and subsequent
departments change. Besides the effects on effigietast minute changes also increase the

probability of “wrong patient” or “wrong locatiorérrors and thereby deteriorating patient safety.

The short period between the approval of the ORnaitt®e and the actual time of surgery, combined
with the occurrence of last minute changes in thedule, complicates the coordination and control
of material requirement planning and resource dapatanning of supporting functions. Since the
OR schedule is known only shortly before surgerys difficult to proactively reserve capacity, for
example in the surgical wards. Variability in susgeuration and length of stay of clinical patients
increase the variability in downstream processes éwrther. Peak demand in surgical wards can even

force wards to declare admission stops, resultirige cancellation of surgeries.

Health insurance organizations recently added tie of mediator to their tasks. This makes the
patient, who is in this case the customer, moreskedgeable. In case of long or unknown access
times, the patient is more likely to go to anothespital to undergo the procedure. A disadvantdge o
postponement is that it is generally impossibleptovide a patient with an operation date at the
moment this patient announces him- or herself atatttmission office. If another hospital is able to
provide the patient with a suitable surgery dat§TMooses patients and thereby revenues. However,
scheduling further in advance raises other prohldBysincreasing the period between the time a
patient is scheduled and the actual time of surgémg possibility of disturbances increases.
Additionally, the disturbances are no longer solefused by the occurrence of semi-urgent or

emergency patients, but also by scheduled clipaaénts with higher priorities.

Problem statement
We summarize the problems described in this seetsdiollows:

Despite the available planning software and histakidata, MST does not use mathematical tdols
to improve OR utilization. Additionally, the OR sdhle is created without sufficiently taking info

account resource demand at supporting and downstrepartments (e.g. surgical wardg),

causing variability. This variability leads to cagty problems and can even cause admisdion
stops. Last minute changes in the OR program umaéngs effect but also decrease efficiency gnd
negative effect patient safety. Due to postponenoéntictual patient scheduling, varioys
specialties are not able to provide the patienhvaitdate of surgery until one week before surgéry.
Long access times and unclearness about surgergsdatcrease the probability of patiengs

“shopping” around in other hospitals.
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1.4 Research objective

This research focuses on the logistical aspechefproblems presented in Section 1.3. The main
guestion to be answered therefore is: What intéimes do we propose to improve OR planning of the
general ORs and how do these interventions infleghe identified problems? We therefore define

the objective of this research as follows:

“To present and evaluate interventions that imprdke utilization of the general ORs, whife
reducing variability in resource demand for surdieaards and decreasing the number of changes

in the OR program before the schedule is actualbggssed in the ORs”

1.5 Research questions

In order to attain the research objective, we fdateuseveral research questions. Each question

corresponds to a chapter in this report.

What is the current performance of OR planning?

Chapter 2 gives an overview of the current situmatkarst, it describes the primary process from the
physician’s initial consult until the moment thetipat is dismissed from the ward. Next, the chapter
describes the organization of the planning functimsed on interviews with several participants in

the process and personal observations. Using ltiatalata for the general ORs in 2008, we conduct a
guantitative analysis. After calculating variouy kerformance indicators (KPIs), we comment on the
performance of MST and compare this performandbdabof other hospitals using the benchmarks of
Van Hoorn & Wendt (2008) en Plexus Medical GroupQ®). Chapter 2 answers the following sub-

guestions:
. What is the primary process?
. How are resource capacity planning and in particpéient scheduling currently organized

and which actors can be identified in the process?

. How do MST'’s general ORs perform when comparedherchospitals?

For which of the identified problems do we desigmiterventions?

Limitations on time and resources prevent us fréabarating on all problems identified. In order to
be able to demarcate the scope, Chapter 3 prabenggoblem analysis. We specify causal relations
of problems identified during interviews with empées of various departments and personal
observations. Using a problem bundle, we identiy anderlying core problems. We elaborate on the
causal relations between problems. MST has initistenumber of projects to deal with various
problems. We describe which projects are curreetigcuted and how these projects relate to this

research. Additionally, we comment on the expeadéfiéct of future developments on logistic
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performance of the general ORs. After we demartaescope of this research, we conclude by
stating which problems we target and which problanesleft for further research. Chapter 3 therefore

provides answers to the following sub-questions:

. Which problems do we observe with respect to ORmtey?
. How do these problems relate to each other and e#dwses can be identified?
. What developments do we expect to influence thaamy process of the logistic performance

of the general ORs?

. Which key problems do we include in this researuhahich are left for further research?

How does this research relate to the literature carerning OR planning on a tactical and
operational level?

Chapter 4 describes relevant literature on robutstheduling on both the tactical as well as the
operational level. Relevant literature does notitliits scope to the effect of OR planning on the
operating theatre, but also considers the effeetQR program has on supporting and subsequent
departments. We comment on the similarities anfiérdinces between the situation of MST and the
situations described in the literature. Chapteordctudes by stating which interventions are progose

in literature for situations similar to that of MSChapter 4 answers the following sub-questions:

. What literature addresses OR scheduling on a #&dctied operational level and takes into
account the effects of OR planning on subsequestigporting departments?
. How do the situations described in the literatedate to that of MST?

. Which interventions, derived from the literaturee applicable to OR planning in MST?

What are the strengths and weaknesses of the prommkinterventions?

Chapter 5 discusses both the interventions defnaed the literature as well as the interventions we
propose with respect to the specific situation 08T We discuss the expected strengths and
weaknesses of each proposed intervention. We ebon how the interventions affect the number of
changes in OR schedule and comment on the expeffead on robustness and logistic performance.
Finally we test each of these interventions onpbssibility of actually implementing them in MST.
The chapter concludes by describing which intefieast we investigate quantitatively. Chapter 5

provides answers to the following sub-questions:

. How do we apply the interventions found in therétere to MST?

. Which interventions address the specific situadbMST?

. What are the expected strengths and weaknesseadbrintervention?
. Which interventions do we propose to investigatertgitatively?
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How do the proposed interventions improve the planimg function based on quantitative
criteria?

Chapter 6 presents the quantitative analysis. ,Firstlescribes which type of model we use to
quantitatively compare the proposed interventidve.define assessment criteria on which to evaluate
the possible solutions based on interviews witthbaedical as well as managerial experts within
MST. We validate the model using data of 2008. Aftefining experimental settings, Chapter 6
presents the results of the quantitative evaluadfathe proposed interventions. Based on thesdtsesu
and the predefined assessment criteria, we contiparaterventions with the current situation. Fiyal
we state which interventions we propose as a soldtor MST based on the quantitative analysis.

Chapter 6 deals with the following sub-questions:

. What model do we use to quantitatively evaluateptioposed interventions?
. What assessment criteria do we use?

. What experimental settings do we use?

. How does the model compare to reality?

. What are the results of the quantitative analysis?

. Which solution do we suggest?

What issues do we expect when implementing the proped solution?

Chapter 7describes the issues corresponding imfilementation of the solution we propose.

Finally, Chapter 8 covers the conclusions, discussand suggestions for further research.
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2. Context analysis

This chapter describes the context of this rese&ebtion 2.1 describes the primary process fran th
physician’s initial consult until the moment thetipat is discharged from the ward. In Section %@,
describe the design of the planning function fréwe moment the patient and physician agree on the
necessity of surgery until the moment the patientaétually in the OR. Section 2.3 shows the
characteristics of MST in terms of general statsston the number of ORs, the case mix, and the
specialties assigned to the general ORs. We contphase statistics to those of other hospitals. In
Section 2.4, we compare the performance of MSThab of Dutch university hospitals (Van Hoorn &
Wendt, 2008) and regional hospitals, including¢bpical hospitals (Plexus Medical Group, 2007) by

means of a predefined set of key performance italisa

2.1 Process description

The steps a patient has to take before undergaoirgeisy depend on the urgency of the surgery. We

therefore distinguish elective surgeries and enmengsurgeries.

Recovery
j

( ) Consult nesihetic 5 3 F‘ret Admission Ward Holdi oR =] e

| physician required? L pEHiG, Office ar olding it
Patient enters Scrﬁﬂ“ﬂg M I " ) m oo i
hospital ] discharged
N

ICU

[¥]

Figure 1 Process description from a patient’s firstarrival at the hospital until the discharge from the surgical ward
after recovering from surgery. (The ‘+’ symbol indicates that the activity is a combination of variousctivities. For
more information, see Appendix A.)

Elective surgery

Figure 1 shows the pathway a patient follows whedeugoing elective surgery. After referral by a
general practitioner (GP) or another specialist,etective patient visits the outpatient clinic. If
necessary, this first consult leads to one or rfalew up appointments and may require one or more
diagnostic tests. After the physician and the pategree that the patient will undergo surgery, the
patient visits preoperative screening (POS). Durprgoperative screening, an anesthesiologist
determines the patient’s physical condition andrmfs the patient of the type of anesthesia thdt wil
be used during surgery. If necessary a nurse pewide patient with information on the admission
and how the patient should prepare for the surdery. temporarily interrupt medicine usage).
Outpatients that do not need anesthetics do ntR@S (e.g. eye surgery). After POS, the admission
office puts the patient on the waiting list. Theegs time between the preoperative screening &nd th
actual surgery depends on the patient's conditibe, size of the waiting list, the availability of
surgeons and resources, and the type of surgergn\Wie patient is scheduled for surgery, the patien
is admitted at a surgical ward. The nurses prefhagatient for surgery and transport the patient t

the OR’s holding area. In the holding area, ORssasis start with anesthetic preparations, aftectwh

9
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they transport the patient to the OR. Here, thea®$tstants continue preparing the patient and geran
the materials, equipment, and instruments requioedsurgery. After the anesthesiologist induces
anesthetics, the surgeon can start the surgeryn\tieesurgeon has completed the surgery, the patien
is transported to the recovery room, the post &eéstcare unit (PACU), or the intensive care (ICU)
Generally, patients go to the general recoverycdse extensive care is required, the patient visits
either the PACU or the ICU, depending on the pembdime the patient is expected to require
intensive care. After the patient has recovereficseritly, nurses return the patient to the warchen

the patient’s condition has improved adequately sipecialist discharges the patient.

Emergency surgery

The process for emergency patients is somewhadrdift from that of elective patients. It generally
does not start at the outpatient clinic. Therevamgous possibilities for an emergency patientteots

the process. Patients can enter the hospital giarniergency room (ER), but it is also possible et
physical condition of a patient that is already &thd to the hospital suddenly deteriorates. Thatmo
important difference between the processes ofieteghatients and that of emergency patients is the
access time before a patient is scheduled for gur@@e more critical the patient’s condition ibet
shorter the access time. In order to decrease dbessa time for emergency patients, several steps
might be skipped. Depending on the urgency of ttéept, the patient’s physician and the OR’s day
coordinator may choose to transport a patient tyréa the OR, thereby skipping preoperative steps,

such as POS and admission at a surgical ward.

2.2 Description of planning function

The OR program determines when a patient recewagesy, in which OR, and by which specialist
the surgery is performed. This program is leadimgnvconsidering the demand for resources such as
equipment, instruments, and OR personnel. Furtherith@ OR program determines the utilization of
supporting and succeeding departments, such agemcdCU, and wards. In order to examine which
factors play a role in generating the OR prograra, describe how MST organizes the planning
function. For this purpose, we use the hierarchi@ahework for healthcare planning and control of
Van Houdenhoven et al. (2007). With respect touss® capacity planning, Van Houdenhoven et al.
distinguish four hierarchical managerial levels eleging on the period of time in which decisions are

made and the characteristics of these decisonstd=®yshows the framework.

10
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Figure 2 Hierarchical framework for hospital planning (Van Houdenhoven et al., 2007).

221 Strategic planning

The strategic level concerns long term decisiorsichvhave a large impact on resource capacity
planning for a long period of time, such as cas& planning, layout planning, and capacity
dimensioning. Layout planning and capacity dimemisig are highly relevant due to MST’s long term
accommodation plan (Medisch Spectrum Twente, 20@3)T plans to realize a new accommodation,
which includes the realization of a new operatingatre. This makes the decision on the number of
ORs and the type of ORs very applicable. Anothgreetsof the plan is to dedicate the ORs in
Oldenzaal to high volume, low variability electigargery types. This development has major impact
on resource capacity planning, as it will affecttbthhe OR schedule for location Oldenzaal as well a

for location Enschede.

Another aspect of planning on the strategic legecase mix planning. Each specialty annually
negotiates target production volumes with the badmdirectors. After making production agreements
with health insurance organizations, the boardii@ctbrs translates these agreements into fundtiona
budgeting (FB) parameters. These parameters coptaduction agreements concerning the number
of first visits to the outpatient clinic, the numbe admissions, and the number of outpatientseBas
on these parameters, supporting and facilitatingadeents, such as the OR department, receive

production targets.

2.2.2 Tactical planning

Decisions on the tactical level depend on the dmtismade on the strategic level. The number of
ORs and the types of ORs serve as input for tdatismurce capacity planning. Theoretically, the

expected case mix serves as input for the distabuif OR time to the various specialties. However,

the budget agreements that the board of directorsrwnicates to the OR department are not specific

enough to be translated into the required OR tiarespecialty.
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Every three months, the OR committee evaluate©Raisage of the previous period and develops a
four-weekly repeating schedule in which specifiodis are assigned to specific specialties, the
tactical block plan. In practice however, therditite difference between succeeding schedules. The

distribution of OR time over the various specialti@s evolved over time. Changes in the tactical OR

division have a large impact on outpatient clirdsbhedules. Especially small specialties rely ontlaera

static tactical planning, since there is no po&grof switching clinic duties and OR programs hwvit

collegues within the same partnership. With the pperating theatre however, the available resource
capacity changes. Since the current tactical [gamilonger suitable for the new OR configurati@ns,

new tactical plan is required. This forces speieslto accept changes to the tactical plan andesea

an oppurtunity to improve the tactical plan.

After the central OR committee allocates the blotkshe different specialties, the allocation of

specialists to the specific blocks is either perfed by the specialists themselves during a paftigers

meeting, or by the unit manager of the admissidice{in case of for general surgery).

Besides allocating blocks to specialties for tremtment of elective patients, reserved OR time is
required to take care of emergency patients. Irerotd avoid each emergency patient causing the
schedule to run into overtime, MST uses one desliceilhuma OR. This trauma OR is part of the OR
program of the trauma surgeons (general surgety®. R committee allows planners to use the
period between 8:30 AM and 12:00 AM for high urgemedective patients, leaving four hours for the

treatment of emergency patients. Gynecology resesl@ck on their own programs to deal with

emergency C-sections.

2.2.3 Operational planning

According to van Houdenhoven et al. (2007) the af@nal planning can be divided into an online

stage and an offline stage. MST however divides dperational planning into three stages, as

displayed in Figure 3.
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Figure 3 Stages in operational resource capacity @hning
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In thefirst stage either the specialist's secretary or the ceradahission office adds patients to the
specialists’ OR programs. Some specialties choosgetrform a part of the planning process
themselves, while other specialties outsource piagianning to the central admission office engirel
The absence of a standardized process makes ituttifto manage the way patients are being
scheduled on an integral level. Additionally a ladkiransparency on how each specialty constructs
the OR program causes confusion between subsedapattments on responsibilities. This leads to
inefficiencies in the system as a whole. For aietadescription on how each specialty organizes
operational offline resource capacity planning, nieéer to Appendix A. After each specialty has
completed its OR program, the medical manager hedOR’s day coordinator screen the programs
for resource conflicts and evaluate the size ohgamogram. In case of resource conflicts or size
issues, the initial planner receives instructianapply the necessary changes, after which theaaledi
manager approves the program. As from this montbet OR program is fixed The time between
adding patients to the program and the screeninigeoprogram differs per specialty. Especially when
different specialties have to use the same shasalirce, problems can occur. In order to prevent
these kinds of capacity problems, planners worlomliog to several guidelines for the maximum
number of surgeries of certain types. This howeslees not guarantee resources being used
efficiently. If, for example, two specialties arboaed to use only one X-ray machine, while one of
them has in fact a demand for two machines, whiedther does not have any demand, resources are

not used as efficiently as possible.

The week between approval of the program and theabday of the surgery can be identified as the
second stageDuring this second stage, semi urgent patierdsadded to the OR programs. Several
departments depend on the OR program in plannigig #ctivities, such as wards, procurement, the
central sterilization department, and other supporservices. After the OR committee approves the
program, these departments start planning, resesaeirces, and place surgery specific orders.iét th
point, changes in the OR program affect many dfferparties. In order to be able to inform all
appropriate stakeholders, the central planning et is responsible for monitoring the schedlile.
someone wants to change something in the appraegpigm, he or she informs the central planner.
During the entire stage, the OR’s day coordinagaresponsible for monitoring resource availability
and acting if a resource conflict arises. One dafpie surgery the OR assistant on duty performs a
final capacity check, after which the anesthesislogn duty assigns anesthesiologists to diffe€Rt
programs. Generally one anesthesiologist servesii®e simultaneously. The second stage ends the

moment the central planner’s shift ends the dagreefurgery.

Thethird stageis similar to the operational online level. Thepensibility of the OR schedule shifts
towards the day coordinator. Besides monitoringatie/e OR schedule, he or she is responsible for
all emergency patients that need to receive sungéhin 24 hours. Just like the OR planner, the day

coordinator informs all relevant parties in caseearergency patient has been announced. In principle
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OR time is reserved in the schedule of the traurRa Idowever, it is possible that the nature of an
emergency surgery restricts the number of poss§iits suitable to perform a specific surgery. If this
is the case, it is possible that the day coordmdezides to give a suitable free OR the status of
trauma OR, either temporarily or for the remaindérthe day. If no free OR is available, an
emergency patient can intervene in an elective rarogon a suitable OR. In these cases, the day
coordinator discusses with the appropriate surgedmsn and where to schedule the emergency
patient and which changes in the sequence of sesgare necessary to treat the emergency patient

within the required amount of time.

2.3 Descriptive statistics

The general operating theatre of MST consists 0ORs, 11 in Enschede and 4 in Oldenzaal. Both
locations are centrally coordinated in Enschede0@8, little over 16,300 surgeries were performed
during regular OR opening hours, divided over 3628lized OR-days The year 2008 consisted of
252 reqgular days (365 days — weekends and irregldgs, such as holidays). Safety issues in
Oldenzaal caused four ORs to be closed from Augidstintil August 31. On September 1, two of
these ORs were reopened and remained availablethmtend of the year. If we take all of this into
account, a total of 3560 OR-days were availablinduhe year. Table 1 shows that Oldenzaal focuses
on outpatients, while Enschede admits both outptstias well as inpatients. Additionally, Oldenzaal

generally does not treat emergency patients.

Table 1 Number of cases in 2008 (partly) during redar working hours (Data: ORSuite, general ORs, 2008)

Enschede Oldenzaal Total
Available ORs 11 4 15
OR-days 2524 502 3026
Outpatients 3474 3464 6938
Inpatients 7472 606 8078
Emergency patients 1268 31 1299
Total Nr. of Patients 12214 4101 16315

2.3.1 Elective patients

Table 2 shows the total number of elective surggrexformed by various specialties in 2008. General
surgeons perform over 35 percent of all surgergtiBeneral surgery consists of vascular surgeons,
gastro-enterology/oncology surgeons, and traungesms. Besides surgery types that can be assigned
to each of these subspecialties, a number of suriypes cannot be categorized. We therefore
introduce a general category. A small number ofeties are executed by surgeons from different
specialties. We summarize these surgeries in ttegag/: combinations. Figure 4 shows that the six

largest specialties account for 80 % of all surgieases.

! A realized OR-day is a combination of a date an@®& on which at least one surgery is performetistaated
within regular OR opening hours or half an hourdpef
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Figure 4 Pareto diagram of number of cases per spiadty in 2008 (N=15446). Data: ORSuite, general ORs, 2008)

Table 2 Descriptive statistics elective surgeries pepecialty (Data: ORSuite, general ORs, 2008)

Specialty N Number Total Mean SDEV Ccv
of cases surgery surgery surgery
(%) duration  duration  duration
(%) (min.) (min.)

General Surgery 4533 29.3% 35.1% 88.23 66.81 0.76
Gastro-Enterology/Oncology 1903 12.3% 14.6% 87.63 64.44 0.74
General 1058 6.8% 6.8% 73.35 36.05 0.49
Vascular 800 5.2% 9.2% 131.76 99.51 0.76
Trauma 772 5.0% 4.4% 64.97 33.71 0.52

Orthopedic Surgery 2691 17.4% 16.1% 68.44 35.86 0.52

Ophthalmology 1749 11.3% 4.8% 31.35 13.79 0.44

Gynecology 1368 8.9% 7.2% 60.41 38.67 0.64

Neurosurgery 1196 7.7% 9.8% 93.02 69.25 0.74

ENT Surgery 1111 7.2% 5.6% 57.61 40.84 0.71

Plastic Surgery 1068 6.9% 8.6% 91.61 59.51 0.65

Urology 861 5.6% 5.6% 74.39 68.84 0.93

Jaw Surgery Enschede 270 1.7% 1.8% 74.02 43.96 0.59

Dental Surgery 251 1.6% 2.0% 90.12 38.32 0.43

Jaw Surgery Oldenzaal 70 0.5% 0.3% 43.56 14.43 0.33

Internal Medicine 51 0.3% 0.1% 33.27 11.24 0.34

Combinations 210 1.4% 3.0% 160.54 114.88 0.72

Other 17 0.1% 0.1% 45.65 26.65 0.58

Total 15446 100% 100%

Table 2 also shows the differences between spesialthen it comes to surgery duration. The
variability in surgery duration differs between tlspecialties. The coefficient of variation for
ophthalmology is small when compared to other gbiées, which can be expected since eye surgery
concerns a large number of relatively ‘standardicpdures. Differences between surgeries do not
only occur between specialties, but also betweterdint types of surgeries within the same speacialt

The coefficient of variation for treating a cargahnel syndrome for example is 0.17, while the
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coefficient of variation for removing a medium tarde tumor is 0.93. Appendix H presents
descriptive statistics of surgery durations percgity per surgery type and includes additionabhdat
such as length of stay (LOS).

2.3.2 Semi-urgent versus emergency patients

Semi-urgent and emergency patients differ in thesphn which they are scheduled and the person or
department responsible for scheduling the surdemergency patients have to receive surgery within
24 hours, while semi urgent patients need to besdided within one week. This means that
emergency patients have to be scheduled onlinde whimi-urgent surgeries can be scheduled in the
second phase of the operational offline schedulimgach phase, however, time has to be reserved to
cope with the occurrence of these non-electiveepti MST’s planning tool does not distinguish
between semi-urgent and emergency patients. Irr éodeomment on the percentage of semi urgent
and emergency patients, we introduce a customadtalicThe difference between the date of the first
registration of a patient and the actual date afeny indicates whether a surgery is urgent. In
calculating this indicator for 2008, we observe atag values. We assume these surgeries are
emergency surgeries. Since the surgery has torbermed immediately, there is no time or no person
available to register it in the planning softwaght away.

Definition 2.3.1: Custom indicator for the urgenafyan emergency patiefit
U=T, T,

WhereTy is the time of surgery (realized) affidis the time of the initial registration

of the patient in the OR planning software.

. 0 .
Difference between time of registration and Figure 5 shows that 80% of the patients

time of surgery labeled as emergency patients receive

35.00%
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Figure 5 Time between surgery and registration in "GRSuite" (used
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ORSuite, general ORs, 2008) ) ] ) ] ] ]
immediate surgery is required, this will

show in the first two categories of Figure 5. Thauma OR is partially reserved for emergency
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patients. General surgery is allowed to use halfeftrauma OR’s capacity for (high priority) elget

patients. If immediate surgery is not required, gy@acy patients are preferably scheduled aftelethes
elective patients. If there is no capacity avadalh the current schedule, specialists generally
postpone surgery until the next day. This explém@sgap in the number of surgeries between 6 — 12

hours after registration.

Table 3 shows the descriptive statistics for thenlmer of emergency patients per weekday. The
expected number of patients per day slightly ineeeaduring the week. The coefficient of variation
shows that variability does not increase duringvikek.

Table 3 Descriptive statistics for the number of emrgency patients per weekday within regular OR opemig hours
(Data: ORSuite, general ORs, 2008)

Monday Tuesday Wednesday  Thursday Friday
Mean 433 4.75 5.38 5.35 5.62
St. dev. 1.74 2.20 2.12 1.90 2.29
Median 5.00 5.00 5.00 5.00 5.00
cv 0.40 0.46 0.39 0.36 0.41

2.3.3 Repetitiveness of the OR program

Inherent to health care, it is generally imposstblgredict whether patient X is going to need styg
type Y in, for example, six months time. Nevertissl@ part of the entire case mix remains fairly
stable throughout the year. So although it remaimsdear which patients should be treated in six
months time, we are able to predict the numbeuajeries of type Y that have to be performed during
a certain period. Since MST does not collect deniafamation, we assume the number of realized
surgeries per year equals annual demand. If weressiemand for a specific surgery type remains
stable throughout the year, the number of surgemesplanning cycle equals the number of patients
per year divided by the annual number of planniyaes. To relax the assumption of a stable demand
per planning cycle and to correct for the fact thad not possible to perform a fractional numbér
surgeries per cycle, we round down the number fesies per cycle to the nearest integer. Thisggive
a measure for the minimal number of surgeries pnng cycle. For example, a surgery type that
occurs on average 1.8 times per planning cycleusded down to 1 surgery per planning cycle. We
define the repetitiveness of the OR program a syriype as the sum of the rounded average number
of surgeries per cycle divided by the sum of therage number of surgeries per cycle is definetias t

repetitiveness of a surgery type.
Definition 2.3.2The repetitiveness of the OR program is:

]:
R:—
S .N

()
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WhereN; is the annual number of surgeries of type j=1,arffl C is the number of

planning cycles per year.

Table 4 shows the measure for the repetitivenassalfanpatients, and outpatients for 2008. More

information about the repetitiveness per surgepg tyan be found in Appendix J.

Table 4 Repetitiveness of the OR program (Data: ORSte, general ORs, 2008)

Nr. Elective Patients Repetitiveness
Inpatients 8208 54%
Outpatients 7218 70%
Total 15426 62%

2.4 Performance

Logistic performance indicators, as defined by Voorn & Wendt (2008) provide measures for the
performance of the general ORs. Appendix B showsdefinitions of these indicators. This section
presents the analysis of MST’s performance in 2608.a complete overview of MST’s performance

on all performance indicators, we refer to Apperdix

24.1 Time registration
In order to be able to compare MST’s performanci&b of other hospitals, we need not only use the
same definitions for the performance indicators, tioments in time that are being registered during

surgery also have to be aligned.

During a surgery session, an OR assistant regigtersme stamps of six different points of care:
Arrival at OR/preparation
Start anesthetics
End anesthetics

1.
2
3
4. Start incision
5 End of surgery
6

Departure OR

The time between the first two time stamps is ugeg@repare the patient, the patient charts, and
necessary equipment. After the anesthesiologisshi@s inducing the anesthetic, the OR assistant
registers the third timestamp. Before the surgéarisswith the first incision, the OR team perforans
final check. The OR assistant registers the morttentsurgeon starts with the first incision as the
fourth timestamp. The last two registered timegaspond to the moment the surgeon places the last
stitch and the moment the patient departs fromQRe The time a patient arrives at the holding and
the moment he or she leaves the recovery roomanegistered in “ORSuite”, the OR planning tool.

Therefore, we cannot comment on the patient’s mgitime in the holding. Figure 6 shows how the
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six time stamps relate to the session period inntloelel for time registration described by Van
Houdenhoven et al. (2006) This model is the sameetased in the OR benchmark by Van Hoorn &

Wendt (2008), which we use to compare MST's regalthose of other hospitals.

1. Arrival m. End V. End
at OR inducing surgical period
H anesthesia H
II. Start inducing é IV. First i VI. Departure
anesthesia H incision H OR
Insicion
period

1
Transportation and
holding time

Transportation time, recovery
time, waiting time

Inducing
anesthesia
time

Time registration MST

Waiting time
until inducing Waiting time. Positioning, Anesthesia wearing off,
anesthesia preparing instument trays waiting time departure OR

1. Patient 3. Arrival _5' E"_d 7. Start laying 9.End 11. Departure 13. Patient
‘ordered" atOR inducing instument table surgical period OR ready to leave
H anesthesia H H recovery room

2. Patient 4, Start inducing 6. Start 5 8. First 10. Patient i 12. Arrival at recovery 5 14. Patient leaves recovery|
on holding anesthesia Positioning incision ready room H

|—|—' -

B.Holding
time

F. Positioning L. Waiting N. Recovery
time until period
leaving OR

A.Transport E. Waiting for K. Anesthesia

time | C. Waiting time surgeon G. Preparing wearing off M. Transport 0. Waiting time
until inducing instrument trays time Il until leaving

anesthesia recovery room

van Houdenhoven et al. (2006)

1. Surgical period

1. Session period

- Periods with activities outside of the OR Waiting time - Periods with activities inside the OR

Not registered registration of multiple steps simultaeneously

Figure 6 time registration model MST vs time registation model of van Houdenhoven et al. (2006)

In the data analysis, we use the time between #ter’'s arrival and departure as the surgery
duration. We calculate the changeover time asithe between the departure of a patient and the
arrival of the next.

2.4.2 Utilization

We calculate the net utilization over the OR-dagsadiich at least one surgery is performed within
regular working hours. The net utilization of MSVeo 2008 is 82.17%, which is comparable to the
results of the five top-ranked Dutch University Nted centers (UMCSs) in the period from 2005 to
2007 (Van Hoorn & Wendt, 2008). Comparing MST tegl UMCs without considering the thoracic
ORs cannot be fully justified. The characterisiésMST in terms of case mix, does not resemble
those of the UMCs. Therefore we also use the beadhmperformed by Plexus in 2005 (Plexus
Medical Group, 2007) as a second frame of referefois benchmark includes hospitals that have a
case mix similar to that of MST. A disadvantageta$ benchmark however, is that the definitions of
the proposed parameters are not clearly presedtditionally, the period in which the actual
measurement took place is four weeks, whereasahehimark among UMCs considers data of several
years.
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Comparing the average duration of surgeries irgdreeral ORs of the MST with the average duration
of a surgery in the UMCs, we see that there iggeldifference (see Table 5). The case mix differs
from that of MST. Next to the ‘regular’ surgeriddMCs also perform difficult high-risk surgeries

with relatively high probability of complication3.herefore, we expect MST’s case mix to be less
complex and have less variation in surgery duratitvan that of UMCs. Less variation in surgery
types and surgery durations leads to a more pedddectOR program. Therefore, we expect MST to
outperform the UMCs in terms of utilization, overd, “early ending vacancy duration” and

“deviation from planning”. Table 5 shows that tlssn fact the case for all but utilization.

Table 5 MST compared to university medical centers (blorn & Wendt, 2008 (Data: ORSuite, general ORs, 2008)

University Medical Centefs MST
Max Min Average

Average session time (min) 156 105 125 75
Net utilization (%) 84 77 81 82
Overtime duration (min.) 75 46 55 39
Overtime frequency (%) 47 35 42 34
Early ending vacancy duration (min) 88 55 64 48
Early ending vacancy frequency (%) 60 a7 52 64
Deviation from planning (absolute) (%) 36 30 33 25
Deviation from planning (average) (%) 22 9 15 -9
Average time late starts (min) 31 18 25 13
Late start frequency (%) 92 46 71 90

The net utilization of location Oldenzaal is lovtean of location Enschede (respectively 80.6% and
82.5%), which seems remarkable at first sight. Assilde explanation is that the case mix in
Oldenzaal consists of more but smaller surgerieangeovers represent a larger part of the available
time. The measure for the gross norm utilizatioppsuts this explanation (respectively 95.5% and
90.6%).

The Plexus benchmark compares the results of 26nagand 16 top clinical hospitals, whose case
mix is more comparable to MST than that of the UMBgpendix F shows the list of participating
hospitals. In Section 2.3, we have shown that 35BGdays are available over 2008. This means that
over the entire year 1,708,800 minutes of surgemg is available. This however does not mean that
the various specialties use all available time.UR&dn periods, undistributed sessions (closed ORS)
returned sessions, and shortage of personnel eaysty session blocks. Over 2008, specialties used a
total 1,433,280 minutes, accountable for 84% ohedlilable time. Appendix E shows the distributed
sessions per day in minutes. Figure 7 shows hovwath#able capacity is utilized using the definitio
posed by the Plexus Medical Group. In calculating sum of surgery durations of elective and
emergency patients, we use the entire surgery a@inadl operations that are at least partly perfame
during regular time. Figure 7 shows that MST usely 4% of all available capacity for elective

patients, while the average of the benchmark is.78ftce the percentage of distributed OR time is

2 Data of eight university medical centers in 2007
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comparable to the average of the benchmark, wewidathat the utilization of capacity in the getera

ORs of MST is below average.

Utilization of capacity
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Figure 7 Utilization of capacity, definitions from Plexus Medical Group (2007)(Data: ORSuite, general ORs, 2008)

2.4.3 Deviation from planning

Table 5 shows that the average and absolute daviftom planning for MST are less than the
deviation from planning of the UMCs. The differenoetween the case mix of a UMC and MST
explains the larger deviation of the UMCs. The ¢argase mix variability of the UMCs makes it
difficult to predict surgery durations. It is rerkable however that, in contrast to all UMCs, MST’s
average deviation from planning is negative. A tiggadeviation from planning indicates that surgery

durations are structurally overestimated.

Average deviation from planning (daily)

Deviation from plan (MST)

10.00%
1 , j
= " T TR,
oo bR | T,
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{x 100%)

(realized - planned] / planned

days

Figure 8 Deviation from plan. Difference between sm of realized surgery durations and sum of plannedurgery
durations per day (negative values represent overéisiated surgery durations). Data: ORSuite, general ORs, 2008)
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MST uses planning software that forecasts surgargtibns based on historical data. We expect the
use of historical data in forecasting surgery daret to result in an average deviation from planned
surgery durations that fluctuates around zero teastt converges to zero over time. Figure 8 howeve
shows that the daily deviation from planning fol020s structurally below zero and remains fairly
stable over time. Figure 9 supports these findimgshowing a positive skew in the distribution loé t
deviation from planned surgery durations per sadgtase. This indicates that planners schedule
surgeries based on overestimated surgery duratttnscturally overestimating surgery durations
prevents planners from efficiently filling an ORogram.

Distribution of deviations from planned surgery durations

18,00% -
16,00% -

frequency (%)

deviation (%)

Figure 9 Difference realized surgery duration and fanned duration, (negative values represent overastated surgery
durations), N=16290. (Data: ORSuite general ORs0P8)

Surgery duration includes incision time as weltiae for preparing the patient, and time for inchggi
anesthetics by an anesthesiologist (see Figuda @yder to find out which part of the surgery aeais
these negative deviations, we examine the inciines. The incision time represents the largest par
of the surgery duration. Table 6 shows that théatiew from planning for incision times is even mor
negative than the deviation for surgery duratidiés shows that the overestimation of incision 8me
is the primary cause for the overestimated surdargtions, which is consistent with the preliminary
data of 2009. The lack of a learning effect in éargting surgery durations rejects the hypothesis th
the deviation is caused by the warm up period efréhatively new planning software.

Table 6 Key performance indicators for deviation fran plan. (Data ORSuite general ORs, 2008)

Average deviation from plan: Absolute deviation from plan:
Surgery durations -8,6% (N=16290) 24,7%  (N=16390)
Incision times -10,5% (N=16258) 32,8%  (N=16386)
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MST’s planning software forecasts surgery duratiosg historical data for the combination of a
surgeon and a surgery type. In order to take véitiainto account, a percentile value is used to
predict the surgery duration. If for example thecpatile was set to 70% for a period of 1 years thi
means that of all comparable surgeries the spesifigeon has performed during this year, 70% took
less than the predicted surgery time. A disadvantdghis method is that slack can only be reserved
for each individual surgery instead of calculatsigck for the combination of surgeries on a specifi
day in a specific session block (or OR-day). UBicember 2009, it was unclear to MST how this
guantile method generated forecasts for the surdrgtions. As a result, the settings were seteo t
90 percent quantile, resulting in the structurakregtimation of surgery durations. As a result,
planners and specialists lost confidence in theestalculated by the planning system and therefore
manually adjust the values to the incision timdsreged by the physicians during the first consiilt

the outpatient clinic.

Appendix | shows more information about the obsérddferences between planned and realized
surgery durations. Moreover, Appendix | containglitinal information on the relation between

deviation from planning and the starting time siuagery.

24.4 Late starts

A “late start” occurs when the first surgery withiggular hours starts after the planned start @Rkbl
The frequency in which late starts occur in MSTerables the UMC that has the highest percentage
late starts. The average time an OR remains unosease of a late start is however smaller thah tha
of the UMCs (see Table 5). Figure 10 shows thatentban 60% of all first sessions start within 10

minutes from the start of regular working hours.

Late starts

TEO2% 2% 1% 1% 0% 0% 0% 2%

e

20 25 30 35 40 45 50 55 60 =60

Late start {minutes)

Figure 10 Late starts (N=2699)Data: ORSuite, general ORs, 2008)

At MST, anesthesiologists serve two ORs at the dame This means that at the start of the day, one
of the ORs has to wait until the anesthesiologest tompleted inducing anesthetics in the other OR,
considering that both ORs start at the same tirhis Waiting affects the data in two possible wafys.
patients arrive at both ORs simultaneously, it ltesim a longer interval between the arrival of the

patient at the OR and the moment the anesthesblswirts inducing anesthetics (first two registere
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time stamps). Another possibility is the postponemef the patient's arrival and subsequent
preparations. The latter has an effect on the nuwblate starts. Sessions generally start at 8300
ORs 6 and 11 are exceptions. OR 11 is generallg asdérauma OR. Regular working hours for the
trauma OR are from 8:30 AM until 4:30 PM. The finstlf of 2008, ENT surgery started their sessions
on OR 6 at 10:00 AM, the second half of the yeaiTEdlso started at 8:00 AM, as did the other
specialtiegdata: MST Blokplan, 2008)

245 Cancellations

Cancellations of surgeries can either be a reaschange an OR schedule or be the result of changes
in an OR schedule. Table 7 shows the number ofsiegythat were both planned and subsequently
cancelled during 2008. Overall, 3202 surgeries Wexe planned during regular working hours were
cancelled. This means that in 2008 17.6% of alysues during regular hours were cancelled.

Table 7 Number of surgeries in elective hours that ere both planned and cancelled in 200@ata: ORSuite, general
ORs, 2008)

Time between planned surgery Nr. Cancellations Nr. cancellations /

and cancellation (Nr. Cancelations + Nr. Planned cases)
cancellations > 1 wk 576 3.7%

1 wk > cancellations >= 24H 1917 11.3%

24H > cancellations >= 12H 217 1.4%

12H > cancellations >= 1H 287 1.9%

1H > cancellations >= OH 73 0.5%

cancellations < OH 133 0.9%

Total 3203 17.6%

The actual time and date at which the decisionaderto cancel a surgery is not recorded. Therefore,
we take the time and date that a surgery is remdveat "ORSuite" as an indicator for the
cancellation date. This also explains why it isgildle that 133 surgeries seem to be cancelled after
their planned surgery date. Seventy-five percemh@de surgeries are removed from "ORsuite" within

the next 24 hours.

The largest part of all cancelled operations aedaoff in the period between evaluation and
approval of the weekly schedule by the medical manand day coordinator (every Wednesday a
week before surgery) and the actual day of surdggegause the admission office starts inviting after
the OR program is approved, every patient thah&ble to be present on the proposed date, reaults i
a cancellation. Figure 11 shows that indeed mogjesies that are cancelled during the last week
before surgery, are cancelled upon request of dngission office. Requests for cancellation by the
admission office can, however, have various reasten the admission office invites a patient for
surgery and the patient does not want to underggesy anymore, the admission office reports this
change to the central planning department. Theesdior cancellation can be recorded as "request

from admission office", but also as “patient noden wants surgery”. The same holds for when a
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surgeon asks the admission office to remove ainegtagery from the OR schedule. In order to come
to a conclusion on the actual reasons for canamilatve advise to register cancellation reasonsmor

specifically.

Reasons for cancellation

70,00%
60,00%
50,00%
40,00%
30,00%
20,00%
10,00%

0,00%

58,55%

Figure 11 Reasons for cancelling surgery within péod between one week before surgery and 24H befosergery
(N=1917)(Data: ORSuite, general ORs, 2008)

2.4.6 Variability in patients per day

Table 8 shows the average number of patients pgrfalathe two locations. The variability in
Oldenzaal is larger. This can be explained by thetdating number of available ORs in Oldenzaal.
When one out of four ORs is closed, the effect amability is larger than if one out of eleven ORs
closed. In Enschede, the coefficient of variation dutpatients exceeds that of emergency patients.
This means that there is more variation in the remdd outpatients than there is in the number of
emergency patients. In fact, the coefficient ofiat&n for emergency patients resembles that of
inpatients. For an extensive overview of the nundfexlective patients per specialty and per locatio
we refer to Appendix D

Table 8 Descriptive statistics for number of patierg per day: average, standard deviation, and coeffint of variation
(Data: ORSuite, general ORs, 2008)

Enschede Oldenzaal
average st.dev. C.v. average st.dev. C.v.
Inpatients 29.65 5.33 0.18 2.40 2.72 1.13
Outpatients 13.71 490 0.36 13.66 8.28 0.61
Emergency patients 12.12 2.08 0.17 0.12 0.36 2.96
Total 48.39 7.83 0.16 16.19 8.84 0.55
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Figure 12 shows the spread of the number of

60 surgeries per weekday. The average number of

>0 T surgeries slightly increases from Tuesday to
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Friday. The average number of surgeries is
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Figure 12 Box plot of number of surgeries on clinial looking at specific specialties. Most surgical
patients per weekday(Data: ORSuite, general ORs, 2008)

specialties have dedicated wards. The number of
patients per day directly influences the number
of admissions in these wards. The ward that showst rfluctuations in bed occupancy is the
neurosurgical ward. Part of these fluctuations loarexplained by the division of blocks during the
tactical planning. Figure 13 shows a box plot & ttumber of patients per weekday for neurosurgery.
The number of surgeries per weekday depends omuagability of session time for the specific
specialty. The box plot shows that on Thursday nbhenber of surgeries is larger than on other
weekdays. Figure 14 shows that neurosurgery rexe€dé® minutes of surgery time on Thursday,
while on other days generally 480 minutes are alkldl This explains the increase in number of

surgeries every Thursday.
2.4.7 Bed utilization in surgical wards

Figure 15 shows the balance between the numbedrafsaions and the number of discharges for
neurosurgery over 2008. The number of patienteas®s on Wednesday. Neurosurgical patients are
generally admitted one day in advance. Figure I&wshan increase in number of neurosurgical

admissions on Wednesday, which is in accordandethi increase of OR capacity on Thursday.
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Figure 15 Balance between number of admissions amdimber of
discharges per weekday for neurosurgerical ward, (gerage +/- standard
deviation) (Data: MST neurosurgery 2008)

The bed utilization at the wards does not solelyethel on the number of admission per day. Also, the
length of stay of a patient is an important par@methis length of stay depends on the physical
condition of the patient, but also on the type wfgery. The OR program determines which types of
surgeries are performed on which day. ThereforddReprogram for a large part determines the bed
utilization of subsequent wards. However, duringfital and operational planning, MST’s planners
do not take the expected effect the OR programolnabed utilization into account. This results in
large fluctuations in bed occupancy. For more imiation on these fluctuations in bed utilization of

the neurosurgical ward, we refer to Appendix D.3.

2.5 Conclusion

MST’s long term accommodation plan (Dutch: LTHP)}t¢eads to logistic challenges as well as
opportunities for change. On a strategic level glens about the number of ORs and the use of these

ORs have a large impact on resource capacity pigrom the tactical and operational level.
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The current tactical block plan is the result oframental changes over a period of many years.
Changes in this schedule directly influence thelabiity of specialists and thereby the clinic rers.
Especially, relatively small specialties that operan multiple hospitals and are less flexible in
swapping OR blocks or clinic duties, show resistamgainst major changes in the OR block
assignment. In creating and adjusting the curraatidal block plan, the demand for resources of
supporting and downstream departments is not taiteraccount, resulting in a high variability inrfo
example bed utilization in surgical wards. The izzdion of a new accommodation with a different
number of ORs and with specific ORs dedicated ttpatients inevitably causes the block plan to
change. This need for change creates an opportimitgme up with a plan where resource capacity

planning on an integral level is considered.

Operational offline resource planning is organibgaach specialty individually. Each specialty glan
differently, which complicates the control on atreg hierarchical level and leads to inefficiendies
the way the business process is organized. Dunm@perational offline phase, planners are notawar
of possible resource conflicts. The OR committegher OR assistant on duty identifies occurring
resource conflicts in the second operational dadflinase or in the worst case in the operationat@nl

phase, resulting in (last minute) changes to thep@igram.

On examining the performance of the entire OR tieeate see that MST underperforms in term of
late start frequency, and utilization. The latertsteequency can be explained by anesthesiologists
serving two ORs simultaneously. At the start of pnegram, one of the two ORs has to wait until the
anesthesiologist is available. Since all ORs thamity start at the same time, this results inighh
“late start frequency”. With respect to the net @Hzation, MST’s performance is comparable tottha

of UMCs, while comparable regional hospitals ouipen MST’s performance.

Data on planned and realized surgery durations #0868 and 2009 indicate that the technique used to
forecast surgery durations overestimates surgergtions. This structural overestimation of surgery

durations prevents an efficient use of OR capaity thereby decreases utilization.

Almost 18% of all planned surgeries are cancelledorder to be able to decrease the number of
cancellations, the reasons for cancellations haveet specified. When we examine the reasons for
cancellations, we see that almost 60% of the siegeare cancelled due to a request from the
admission office. This description includes a breadety of reasons for cancellation (e.g. request
from surgeon, request from patient, resource aihflin order to improve the number of cancellagion

more specific registration of reasons for candelfest is necessary.
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3. Problem analysis

This chapter describes the problem analysis. Watifgethe different problems observed during data
analysis, interviews with different actors, andspeial observations. Section 3.1 presents the causal
relations between these problems and identifiesdine problems. Section 3.2 compares the problems
we identified with current improvement projectshiit MST. Finally, in Section 3.3, we determine the
scope of this research and present the problematiidbe our key concern during the remainder of

this research.

3.1 Causal relations

In order to show the causal relations between gbdeproblems, we create a problem bundle. A
problem bundle starts with the identified probleamnsl works back into the causal chain until it shows
the core problem. Figure 16 shows the problem laufatl the problems we identified with respect to
the general ORs of MST.

By means of this problem bundle, we identify seweme problems, which we describe in the

remainder of this section.

. Planning without considering availability of resoes

. False assumptions on methodology of forecastingesyrdurations

. Deterministic planning of stochastic processes

. Postponement of patient scheduling

. Equal starting times of parallel OR sessions teqtire the same anesthetist
. Inefficient business process design of planningfion

. IT support OR scheduling insufficient

3.1.1 Planning without considering availability of resowes

Planning without considering availability of resoes has both a tactical as well as an operational
component. The distribution of OR time among thiéedint specialties has a large influence on the
usage of specialty specific resources. Examplethede specialty specific resources are wards, but
also specialty specific equipment, or instrumemtse current tactical planning in MST has evolved

over the years to what it is today. This meansithateating the tactical planning, the OR commsitte

does not particularly take into account the imghettactical planning has on resource demand. This
leads to peaks in resource demand, for examplrga humber of admissions on a specific ward, the

utilization of a certain piece of equipment, or etlee need for OR personnel.
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During operational offline planning, planners lote surgical program by adding patients to a
specialist's block. By doing so, the planners datee which elective surgeries will be performed in
the OR. During the creation of the operationalin&lschedule, planners do not receive feedback on
the availability of resources. Section 2.2 alreddgcribed that some specialties make agreements on
the maximum number of daily surgeries of a certgoe. Although this agreement partially solves the
problem of over-scheduling certain resources, imesgases it does not suffice, while in other céses

is too stringent. Due to practical reasons, impassible to include all resources in the agreesnent
Furthermore, if a certain specialty’s demand faegain shared resource drops, these agreements can
even cause a drop in resource utilization. Addglodifficulty in assigning these resources to

specialties is the different specialties using heotime horizon to schedule patients.

If the peak in resource demand becomes too lag@add exceeds the capacity. Depending on the
type of resource and the level of exceeding capagither extra personnel is scheduled, surgeres a
rescheduled, or an admission stop needs to be aoeduBoth admission stops and rescheduling of
planned surgeries lead to changes in the OR progrhase changes result in extra labor costs due to
additional planning activities as well as uncettaifor patients. This eventually leads to unsatikfi
patients. The temporary deployment of extra pefsonacrease capacity has both a direct as well as
an indirect negative effect. Scheduling additigmaisonal directly leads to an increase in labotscos
Indirectly, it has a negative effect on the futarailability of personnel. The "annual working heur
guota" states that every employee works a specifigtiber of hours per year. The hours for an
additional shift are subtracted from this quotarélivy increasing the possibility of personnel siet

in the end of the year.

3.1.2 False assumptions on methodology of forecastinggany durations

The current planning software gathers a substaaredunt of information such as historical surgery
durations, incision times, preparation times, amdva rate of emergency patients. The current
software package calculates expected surgery dosathat can be used for scheduling surgeries.
Unawareness of the actual methodology behind tif@®easts has led to wrong settings for the
forecasting algorithm. This resulted in a strudtuneerestimation of surgery durations. Experienced
planners acknowledge this misfit and therefore rafiypadjust the incision times or surgery durations
Even when considering the estimated surgery duratioat have been corrected by these planners, the
forecasting durations remain too cautious. The esténated surgery durations prevent planners from

efficiently filling available OR capacity.

3.1.3 Deterministic planning of stochastic processes
Another core problem is the deterministic plannifigstochastic processes. Surgery durations as well
as the arrival rate of (semi-)emergency patients stochastic variables. Disturbances, such as

surgeries that exceed their expected durationsxpemted complications, or the occurrence of
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emergency patients, cause problems if the buffarsisfficient. Free OR space, personnel on cad, an
empty slots in the OR schedule are all examplelsudfiering for variability. For MST, insufficient
consideration of variability causes peak demanddsources which subsequently lead to changes in
the OR program or even cancellations of surgefidéss results in negative effects on personnel

availability, costs and patient satisfaction.

3.14 Postponement of patient scheduling

Postponement is one way to deal with the varigbilit the arrival process of patients. Various
specialties postpone the moment at which they énpiitients for surgery, in order to reduce the
probability of disturbances until this patient i for surgery. Neurosurgery even invites patiemiy o
one day before surgery. Although postponement deerethe period in which disturbances may occur
and thereby reduce the probability of changes irstablished OR program, it also has a number of

negative effects.

Due to the late term on which the OR schedule Wighed, supporting and successive departments
receive demand information on short notice. Thisyglicates ordering supplies, rostering staff, and

making work schedules in advance.

Postponement also causes patients to remain umafbabout surgery dates. Developments in the
organization of the entire healthcare sector makgossible for patients to shop around. Health
insurers reinforce this phenomenon by exercising tble of mediator. Patients provided with
insufficient information therefore have a largeolpability of going to another hospital. This notyon
causes a loss of possible revenues for MST, batcalgses the need to remove a planned patient from
the schedule, since the patient received surgegylere. Postponement therefore affects both patien
satisfaction as well as the costs.

Informing the patient on last notice also increabespossibility of patients having scheduled other
important appointments, which they are not willimgable to cancel. The subsequent cancellation of
the surgery leads to changes in the OR schedwddjnig to additional activities for planners and

thereby increasing costs.

3.1.5 Equal starting times of OR sessions using a twolesbsystem

Section 2.4 showed that the frequency of latesstartMST is high, even when compared to UMCs.
Vacancy time at the start of an OR-day negativefijuénces the utilization of OR time. Empty ORs
during regular hours indicate that costly resouraes not optimally used. An explanation of the
vacancy time at the start of the day is the faat #imost all sessions start at the same timeeSinc
anesthesiologist serves two ORs, similar startimgg imply that one of the two has to wait for the

anesthesiologist to finish inducing anesthetics.
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3.1.6 Business process design of planning function

Section 2.1 described how the design of the planfunction differs between specialties. Over time,
every specialty has formed its own routines foriguatscheduling. These routines strongly differ
between specialties and thereby complicate the wbdentral departments. Succeeding departments
do not know what the other departments do, resulim unclearness of responsibilities. This
unclearness affects both the information flows talsgpatients as well as the number of redundant
and unnecessary activities. Succeeding departrpantdy redo each other’s work to prevent mistakes.
These redundant activities require time that chidlde been used more effectively, thereby leading to

unnecessary overhead.

3.1.7 Insufficient IT support of OR scheduling

Different specialties use different software padsatp facilitate patient scheduling. Many of these
packages are not compatible with each other. Thises subsequent departments entering similar
types of information in different systems, leadiognefficient administrative tasks. The way patien
scheduling is organized for ENT surgery is an eXangp this incompatibility of different systems.
The ENT surgery secretary first enters the patiefirmation into an Excel spreadsheet. Next, the
patient visits POS after which the central admissffice enters this information into the waitingtl|
registration system. The central admission offeeds this information to the ENT secretaries by fax
They enter the patient information into the conplahner, which they use for surgery schedulinge Th
output from this system is then sent back to thmission office by fax, after which the staff member
of the admission office literally cuts and pastee OR schedule in the proper sequence using the
information from the fax and their own printoutrindhe waiting list registration system. Subsequentl

the OR secretaries enter the patient and surgimsmation into the OR planning software.

Not only the incompatibility of supporting IT systecauses problems, also the flexibility and the
functionality of the IT systems do not support thesiness processes. In order to increase system
functionality, users 'abuse' features by assigmieg meaning to certain fields. For example the
admission office uses the urgency status in théinggalist registration system to indicate whether a
patient can be added to an OR program, or if h&herhas to visit POS first. The user then entexs th
actual urgency of the patient into a user definednm field. Since the memo field of the waiting list
registrations system has no link to the OR plangioftware, it is not possible to attain informatiam
patient priorities from the OR planning softwareic improvisations to adjust the system to the

user’s needs, complicates linking different systams results in loss of information.

3.2 Active projects and future developments within MST

Market mechanisms have forced MST to reexaminendng care is organized. This has lead to six
main subjects of change (Medisch Spectrum Twed@3,22009b):
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. Organizational change
o] Decentralization of control by means of functionalits responsible for their own
performance (RVEs), in order to create a more Mllexiorganization where
departments can be evaluated on their own results.
. Chain of care (ketenzorg)
o] Increase collaboration between MST and primary paoeiders with respect to the
care of chronic patients and the provision of smwifor research and diagnostics.
. Investment in IT
o] Replacement of paperwork by digitalization and mé#ted support for patient

logistics and patient safety.

. Accomodation (LTHP)

o] Realization of an accommodation that is in linewtite vision and goals of the MST.
. Business Process Redesign (BPR)

o] Redesign of patient logistics, reduction of coatg] improving quality and safety.
. Safety Management System (Dutch: VMS)

o] Improve patient safety, prevent avoidable damaget (@ national program: “Avoid

harm, work safe”).

Except for “chain of care”, all subjects of charsgenehow influence the OR planning. Decentralized
control leads to an optimization of processes wittiach RVE. This however does not necessarily
mean that the performance of the entire organizadiso improves. Each specialty, organized in
individual RVES, organizes the planning functiorittiown way (see Appendix A). This complicates
the implementation of a generic planning methodplaspecially since most RVEs are reluctant to
change their planning processes. The introductfdi ¢o support the planning function forces some

RVEs to adjust their planning function, while othstill hold on to their own methodology.

The realization of the new accommodation also magrgpact on the OR complex. The number of
ORs as well as the way these ORs are used willgeharhe location in Enschede now consists of
eleven ORs, while Oldenzaal accommodates four ©Rghich only two are currently suitable for
surgeries. In the new situation, Enschede will evoodate eleven ORs and Oldenzaal four. The four
ORs in Oldenzaal are part of an elective treatroenter (Dutch: EBC). Oldenzaal focuses on elective
outpatient and short stay inpatients, with a lovelef uncertainty in surgery durations and a ldsik r

of complications. The highly variable surgeries|voié performed in Enschede. This means that in
Enschede small, predictable surgeries can no lobgassed to fill up gaps in the OR program. In
addition, the total available number of OR-dayshi& new situation will be smaller than in the catre

situation. At the same time, the number of surgewél increase due to population ageing (Centraal
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Bureau voor de statistiek, 2009). Clever OR plagfiecomes more and more important in order to be

able to cope with an increasing demand while b&ngd with reduced capacity.

The number of staffed beds in the wards is deargasdiue to cost reduction. This means that the bed
utilization increases. Variability however causkgtiations in bed demand. While on average the
number of available beds should be sufficient, dupeaks, the demand for beds might exceed the
capacity. One of the key objectives of the BPR gubjs to reduce this variability. Intelligent OR

planning can help reducing the variability on regdiresources.

The Safety management system is part of a natfmogiram, based on 10 themes (VMS Veiligheids
programma, 2009). Although these themes do noftctijraelate to OR planning, some safety
measures do influence OR planning. For example,abrtee suggested interventions regarding the
prevention of post operative wound infections (PPWIto minimize the number of times a door
opens. Another example is the prevention of “wrpagent” and “wrong location” errors. Last minute
changes in an OR program increase the probabiiityese errors. Besides the introduction of a “time
out” at the beginning of surgical procedures, austbtOR schedule can prevent these errors from

occurring.

3.3 Conclusion and demarcation of research scope

The general ORs of MST have a central positiorhig tesearch. This research focuses on improving
the resource capacity planning of these ORs. Vairdelohoven et al. (2007) describe four hierarchical
levels in resource capacity planning (Section D2cisions made on the tactical planning level reave
large impact on operational planning. Optimizing thperational planning without considering the
tactical level is therefore likely to result in ab®ptimal solution. Therefore, we focus this reskear
primarily on the tactical level, without neglectittge effect this has on operational resource capaci

planning.

This research only uses surgery information fror@&@nd limits resource information to that of
surgical wards. In 2007, the registration codesstogical procedures types have changed. This makes
it impossible to link similar types of surgeries2if07 and before to the types registered in 200& T
change in procedure codes also explains why neniretion is available about which instrument trays
belong to which surgery types. The procedure basks! for picking instrument trays, also list the ol

procedure notation.

The design of the business process concerningnpa@heduling and the supporting information
systems are important subjects to examine furiver expect that improving process design will lead
to large benefits in efficiency. Nevertheless, 8ubject does not align with the logistic aspetthis

research and therefore we exclude these core pnslitem this research.
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331 This research

This research focuses on improving elective patsshieduling for the general ORs of MST. On a
tactical level, we take into account the effectpoiposed interventions on OR utilization and bed
utilization in surgical wards. Additionally, thiesearch includes the effect proposed interventions
have on reducing the need for postponement inrgagEheduling and improving robustness of the OR
program. Since the realization of a new accommodatias major impact on resource capacity, we

also include the strategic proposal to create a@ EBOldenzaal.

3.3.2 Further research

In order to be able to optimize an OR planning,lviconsidering availability of resources, such as
equipment and instrument trays, data is requirethertypes and capacity of these resources per type
of surgery. After collecting this data, further@asch on using resource data in optimizing theisarg

schedule may lead to improvements in resourcezatitin.

We identified the number of late starts in the bagig of an OR-day as a source for inefficient ofse

OR capacity and human resources. We indentifieceth&l start of sessions combined with the fact
that an anesthesiologist serves two ORs simultatheas a cause for this problem. A possible
intervention could to start one of the two ORs iearlFurther research is necessary to determine

whether this intervention is in fact the best wagolve the problem.

We expect that redesigning the business procesgealperational offline resource capacity planning
and its supporting IT systems will lead to largécefncy improvements. Section 2.2 describes the
current organization of the planning function areh de used as a starting point in redesigning the
business process. A redesigned business procelsfumttional IT support should facilitate the
efficient execution of the core process, while @aging transparency between departments, and

reducing the number of unnecessary administratitierss.
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4. Research context

This chapter describes relevant literature on Gfedugling on a tactical level. The scope of relevant
literature is not limited to the operating theatbef also takes into account the operating thesatre’
integration with other departments. In Section 42, elaborate on the similarities and differences
between the situation of MST and those describdtériterature. Section 4.3 concludes this chapter
by stating which of the proposed interventionshia literature we expect to improve OR scheduling of
MST.

4.1 Related literature

The objective of this research is to propose imetions that improve OR utilization, but also tketa
into account the effect that an OR program hasuogical wards. It is possible to optimize a schedul
given a certain tactical block planning, but iftteal planning does not consider the effects ompuaiut
variability, the proposed solution is unlikely ®al to a good solution concerning both OR utilorati
and variability in bed demand. Therefore we limitr gsearch to literature concerning tactical OR
scheduling (e.g. block scheduling, master surgsmdiedule) that includes resource utilization of
resources other than the ORs. For a complete @wemi literature on OR resource capacity planning,

we refer to Cardoen et al. (2008).

The literature on tactical OR capacity planning rehhe operating theatre is considered as a part of
larger system is scarce. Most papers that addhessactical resource capacity planning problem
consider the operating theatre as an isolated toit. example, Blake et al. (2002) describe a
mathematical model to derive an equitable distifloubf surgery blocks among different specialties,
according to predetermined production agreemeritkeBet al. do not consider how such a block
division affects additional or subsequent resoyreegh as ICU or hospital beds. Papers that do
consider additional resources often simplify thethamatical model by assuming deterministic
parameters for surgery durations or patient’s lertstay (Adan & Vissers, 200Santibafiez et al.,
2007; Tanfani & Testi, 2009; Testi et al., 2007s34rs et al., 2005). Although this simplification
dramatically reduces the complexity of the mathérahtproblems, it also decreases the way the
model reflects reality. Especially in healthcarepgesses can be highly variable and therefore
deterministic models do not suffice. Neverthelesdy a limited number of authors do incorporate
uncertainty in their mathematical models (Adan let2009; Belién & Demeulemeester, 2007; Van
Oostrum et al., 2008b; Vanberkel et al., 2009).

41.1 Master Surgical Schedule
Van Oostrum et al. (2008b) present a master surgadgeduling approach, where they focus on the
OR scheduling on a tactical level. The objectivehaf approach is to present a tactical schedute tha

maximizes OR utilization, while simultaneously léug bed resource capacity utilization of
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succeeding departments such as surgical wards @s. ICraditional OR scheduling on this level

focuses on the division of OR-days over the vargpecialties. Master Surgical Schedules (MSSs) do
not only assign specialties to specific OR-days,fbaus on assigning frequently occurring surgery
types to specific OR-days. In order to cope witltartainty in surgery durations, the authors use

planned slack. Van Oostrum et al. differentiateveen three types of surgical procedures:

. Elective procedures that occur often enough tacheduled in an MSS;
. Elective procedures that do not occur often endadie schedule in an MSS;
. Emergency procedures.

The first type of procedures can be directly adtiethe MSS. The second type of procedures are
clustered in so called dummy procedures in ordéake these into account while generating the MSS
(Van Oostrum et al., 2008a). In order to generageNISS, they propose an algorithm solving the
problem in two phases. During the first phase tgerdéhm assigns procedures to so called Operating
Room Day Schedules (ORDS). These ORDSs have the sapacity as OR-days and make it
possible to maximize the utilization of these ORD®ghout actually assigning them to a specific
OR-day. In the second phase the ORDSs are asstgnsgecific OR-days such that hospital bed
capacity demand is leveled. The proposed solutppraach is not limited to leveling bed resource
capacity, but also enables considering other typiedospital resources, such as personnel or

equipment. More information about the mathematwadlel can be found in Appendix K.

Belién & Demeulemeester (2007) describe a simippr@ach. Instead of maximizing the operating
room utilization and leveling bed requirements, i@el& Demeulemeester solely focus on leveling
bed occupancy. The authors describe and compareusamodels and algorithms for calculating
cyclic master surgical schedules. SubsequentlyiéBadt al. (2009) use these models to describe a
decision support system, where the objective isonbt to level bed occupancy, but also to minimize
sharing of ORs between specialties, and maximize wieekly repetitiveness of the schedule.
Vanberkel et al. (2009) also focus on the effeethitock planning has on subsequent departments. The
model presented in the paper determines distribsitiofor ward occupancy, patient
admissions/discharges and ongoing interventionsanAdt al. (2009) present another model to
construct cyclic master surgical schedules, to Wwhiey refer to as admission plans. The research
presented by Adan et al. is based on previousres€Adan & Vissers, 2002; Vissers et al., 2005).
The objective of the research is to generate aanastgical schedule that minimizes the deviatibn o

expected resource utilization from predetermindization levels (OR utilization and bed utilizatip

Van Oostrum et al. (2008a) describe the managenlications of using and implementing an MSS
approach. In order to examine the success of anpplgrapproach Van Oostrum et al. describe the
differences between a decentralized planning appraad a centralized planning approach (see Table

9). The decentralized approach is similar to ther@gch currently used in OR planning in MST. The
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major disadvantage of this approach is the lackooirdination between departments and specialties.

Even if all specialties come to an optimal schedotehe block assigned to them, this does not mean

that the overall result is an optimal schedule.iddng the OR plan in several parts, which are all

independently planned, does not only make the combipatient flow hard to predict, but also

decreases flexibility and thereby decreases robsastof the entire plan. However, the decentralized

approach is a common approach in OR capacity plgniiihe most important reason is that it gives

surgeons full autonomy. The medical expert (surpean decide when to treat which patient, which

might be a lifesaving decision if it is made basedmedical grounds. However, the authority of the

surgeon can also be a disadvantage. Their autoreoayles surgeons to ‘cheat’ by favoring certain

patients. Another disadvantage, which we also iffeimt MST, is the high workload of the planners

on the operational level, required to prevent resmconflicts.

The opposite of the decentralized approach is #mralized approach. Centrally organized OR

planning enables the planner to keep track of tleader picture and increases flexibility, since all

ORs are controlled by one central planning departmEhis flexibility enables the planner to attain

higher resource utilization. A major disadvantagevéver, is the lack of flexibility to allow surgesin

to make medical decisions on which patient to tweegn.

Table 9 Pros and cons of decentralized planning appach, centralized planning approach (Van Oostrum eal.,

%)

2008a)
Decentralized control Centralized control
. Full autonomy of surgeons . Robustness
o | Limited data requirements on a tactical | * Resource utilization
g level . Integration with other planning processe
_fg . Managerial workload on tactical level (although still substantial effort required
< . Monitoring
. Financial control
. Coordination amongst surgeons . Little autonomy of surgeons (can result
. Coordination between surgeons and other ‘cheating’)
departments . Substantial data requirements
§ . Predictability of patient flows . Up-to-date data required
% . Robustness (against disruptions, against ¢ Managerial workload on the tactical level
% ‘cheating’)
g . Resource utilization
. Managerial workload on the operational
level
. Financial control

=)

The MSS approach incorporates the advantages afethtealized approach and adds a higher degree

of surgeon’s autonomy. Additionally, the MSS appitoaequires little managerial control on the
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operational level and although the data requiresarg substantial, the managerial workload on the

tactical level is less than with the centralizegrapch, due to the repetitiveness of the program.

The implementation of the MSS approach has sevealagerial implications. Table 10 describes
seven steps for implementing the MSS approach.stiitability of the MSS approach depends on the
organizational culture and the organizational foofisa department. Van Oostrum et al. (2008a)
distinguish specialty based focused units, delissed focused units, procedure based focused units
and general purpose units. Delivery based focusé#d and procedure based focused units are both
well suited for the MSS approach. For specialtyebdafocused units and general purpose units, the
suitability depends on: case mix variety, volumember of (sub-)specialties involved, and the

potential efficiency gains by introducing the MS$peoach.

Table 10 Steps for implementing the MSS approach (\\eOostrum et al., 2008a)

Action Description

1 Define the scope | Determine which resources to include in the MSS.

2 Enable data| Set strict guidelines for data gathering and dgveiools that enable simple
gathering. extraction of relevant information.

3 Capacity planning Dimension and allocate resources that are to barpocated in the MSS, thereby

respecting target production agreements and agréema utilization targets and
resource availability. For shared resources, srchllocation criteria in order to

ensure transparency and encourage specialist® peate.

4 Define a set of Determine the set of recurrent surgery types. Usstaring techniques to generate
recurrent homogeneous sets of surgery types based on botistiday and medica

procedures characteristics, such as diagnosis related grouRG)) (sub-)specialty, ward

expected surgery duration, and expected lengttagf s

5 Construct MSS Construct the MSS by leveling resource workloadjnoige utilization, minimize
overtime and minimize waiting time for semi-urgemd emergency patients (Van
Oostrum et al., 2008b).

6 Schedule patients Schedule emergency patients, semi-urgent patientsbkective patients. Based on
the urgency of the surgery, immediately assign gemgy patients to the first
available OR, or schedule the patients in the nsostable OR (depending gn

reserved slack, available resources). Schedule-wayant patients based on earliest

D

due date. Elective surgeries can be assigned tavh#able slots by either th
specialist or by an administrative department usprgdetermined guidelines.
Guidelines for assigning elective patients inclutie patient's medically safe
interval, a first come first serve (FCFS) strategyd a prohibition of re-assigning

patients during the time required to make prepamatfor the surgery

7 Update MSS Update the MSS when changes in the case mix otturder to identify change

[2)

in the case mix, regular monitoring of access timasucial.
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In order for an MSS to be efficient, the surgerpey involved need to be constructed with low
variability. Surgery types that do not occur fregile enough are put together in so called dummy
surgeries. A narrow definition of surgery typesulessin many dummy surgeries, thereby reducing the
benefits of a MSS approach (Van Oostrum et al.920@an Oostrum et al. (2009) propose a method
to cluster surgery types. By clustering surgeryeythe volume of the dummy surgeries decreases. On
the other hand, clustering surgeries may leadds & information. This means that there is a trade

off between the volume of dummy surgeries and tratility in resource demand.

4.2 Suitability of proposed interventions

Using a cyclic master surgical schedule approddh,gossible to take into account resource capacit
utilization on the tactical level. Depending on Wier the type of resources is included in the MSS,
the approach prevents resource conflicts. Additipnthe MSS approach structures the organization
of patient scheduling. This enables a higher lesfecontrol than currently exists in MST. The
introduction of time slots simplifies patient schbdg on the operational offline level. Since time
slots are reserved for specific surgery types, e are able to assign elective patients to dlaila

slots several weeks before surgery, assuming smeserved for semi-urgent patients.

The cyclic Master Surgical Scheduling approachsgméed by Van Oostrum et al. (2008b), minimizes
OR capacity and thereby maximizes utilization ddikable ORs. The second objective is the leveling
of resource utilization, in for example ICU or sieaj wards. These objectives coincide with the

objective of this research. Although Van Oostrumaktassume stochastic surgery durations, the
authors use deterministic values for the duratibrhaspital bed requirements (LOS). During the

computational experiments, Van Oostrum et al. usamvalues for the average length of request for a
hospital bed per surgery type. The computationpkesments therefore cannot be generalized to a

situation with large variation in demand for beg@agity per surgery type.

The length of stay of a patient after surgery duatsonly depend on the type of surgery, but also on
other factors, such as the physical condition efghtient and the occurrence of complications.dseli
et al. (2007), Adan et al. (2009), and Vanberkedle{2009) acknowledge this uncertainty and model
LOS by means of discrete (empirical) distributioAside from LOS, surgery durations also inhabit
uncertainty. Although Adan et al. include this utamty in the LOS, they do not include uncertainty
in surgery durations. Their model assumes detestigcnsurgery durations. Belién et al., as well as
Vanberkel et al., do not use surgery durationsctlirebut use a stochastic variable for the nundier
surgeries per block. Since they do not incorpo@i utilization in their model, Belién et al. and
Vanberkel et al. can suffice with stochastic vagabfor LOS and number of surgeries per block,

which they both model using empirical distributions
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The main advantage of a cyclic approach comparednian cyclic approach is that it prevents surgery
types from being divided unevenly over the yeardifidnally the managerial workload on the tactical
level decreases, since the schedule repeats #selfy cycle. This also enables surgeons and
subsequent or supporting departments to work araptd ‘fixed’ schedules. On the other hand, the
cyclic concept of the approach also presents aldisdage. In order to be able to successfully nse t
cyclic approach, the available resource capacity tbabe identical for every planning cycle. MST
chooses to use reduction periods to deal with dsek personnel levels during holiday seasons.
During these reduction periods, one or more ORsaremlosed. The cyclic MSS approach presented
in the literature is incompatible with such vawais in available resource capacity. In order totbse
cyclic approach anyway, reduction periods haveealisregarded in the model, which will decrease
the validity of the model. The way MST’s OR depastrnis organized, however makes it possible to
use different approaches for the different locatidburing reduction periods, the capacity reduation

can be limited to location Enschede, enabling aton capacity level in Oldenzaal.

Another disadvantage of the cyclic MSS approacHdoation Enschede is that a cyclic MSS requires
a certain repetitiveness of certain surgery tyMST has decided to dedicate the ORs in Oldenzaal to
high volume, low variability surgeries, thereby kexting these surgeries from the OR schedule in
Enschede. This increases suitability of the cy®lIBS approach for location Oldenzaal. The increase
in case mix variation of location Enschede makds thcation more suitable for the approach
presented by Belién & Demeulemeester (2007) or ¥e et al. (2009).

4.3 Conclusion

The master surgical scheduling approach present&hb Oostrum et al. (2008b) addresses both the
OR utilization objective as well as the bed capachjective. The model assumes stochastic surgery
durations and deterministic LOS. MST’s admissiotad#08 shows variation in LOS among patients
undergoing similar surgical procedures. ModelingT¥4Ssituation therefore requires stochastic LOS.
Additionally, the larger case mix variety in Ensdaeand the occurrence of reduction periods, make
the implementation of the cyclic MSS approach diffi. For location Oldenzaal, however, the cyclic
MSS approach is suitable. Especially when lookihgha strategic decision to make Oldenzaal an

Elective Treatment Center for high volume, and l@siability surgeries.
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5. Proposed interventions

Chapter 5 presents the proposed interventionsnfipraving tactical capacity requirement planning.
Chapter 4 showed the cyclic master surgical scliraglalpproach is suitable for the OR department in
Oldenzaal. For Enschede, we propose the model aB¥ikel et al. (2009) for improving tactical
planning. Section 5.1 describes how the proposeavientions can be applied to the specific situmatio
in MST. After presenting MST specific interventioimsSection 5.2, we subject these interventions to
a qualitative examination in Section 5.3. We codellby stating which interventions we investigate

guantitatively.
5.1 Application of interventions from the literature tMST

5.1.1 Cyclic Master Surgical Scheduling approach

The master surgical scheduling approach is motaldaifor Oldenzaal than for Enschede. Typically,
surgeries performed in Oldenzaal are high volume, lariation surgeries. Additionally the length of
stay of patients in the surgical ward is very pceable. In 2008, over 85% of all surgeries perfatme
in Oldenzaal, were outpatient surgeries. Theseackeristics fit the restrictions of the master sualy

scheduling approach.

We start with defining the case mix for surgeribatthave to be performed in Oldenzaal. Before
actually assigning master slots to these specifigesy types, we cluster surgery types that show
comparable characteristics in terms of patient tgmecialty, sub-specialty, distribution of surgery
durations, surgical wards, and length of stay iistion. For each cluster of surgery types, we
calculate the number of MSS slots per planningecyidsed on the realized number of surgeries in
2008. In order to correct for minor demand fluciorad, we round down the number of surgeries per
planning cycle to the nearest integer. Currenhg, tactical block schedule has a planning cyclé of

weeks. Therefore, we initially assume the samenptancycle. During the quantitative analysis, we

compare the results for a planning cycle of 4 weékghe results when considering other planning
cycles. Changing the planning cycle does requicalcelating the number of MSS slots per planning

cycle.

After we calculated the number of MSS slots pesteluof surgery types, we assign the master sots t
specific OR-days. The model presented by Van Oostet al. (2008b) uses column generation to
assign master slots to ORDSs. These ORDSs hawsathe capacity as the OR-days, where they can
be assigned to. After maximizing the OR utilizatlmnminimizing the amount of planned slack, given
a predefined maximum probability of overtime, VaosBum et al. use integer linear programming to
assign these ORDSs to actual OR-days in such atlwedyvariability in required bed utilization is

minimized. For reasons of convenience, we do n@& cslumn generation and integer linear
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programming, but generate an initial solution bgigrsing slots to specific days using list schedylin
and subsequently improving the initial solutionibterchanging ORDSs using local search. Although
this methodology does not necessarily solve théleno to optimality, it does provide a fast and
reasonable solution. Also, it does not require desoto solve the mathematical problem.

Subsequently, we use local search to level beidatiin.

The Master Surgical Schedule that results fromntioelel is then used instead of the current tactical
block schedule. During execution of the schedudgiepts are scheduled in available slots that match

their surgery type.

Since location Oldenzaal does not treat emergeatigrgs, no OR capacity has to be reserved for

emergency surgeries.

5.1.2 Relating tactical block planning to workload of sgical wards

Vanberkel et al. (2009) present an approach torm&ie ward occupancy distributions, and patient
admission/discharge distributions. By calculatingse distributions, the planner is able to evaltrse
guality of a tactical block planning in terms of ndabccupancy and nursing workload of subsequent

surgical wards.

In preparation for the realization of an electiveatment center in Oldenzaal, the specialties that
perform surgeries in Oldenzaal have determined hvitypes of surgeries are suitable for such a
centre. Medisch Spectrum Twente (2009a) has suzghéisat a certain percentage of the case mix that
is suitable for Oldenzaal should in fact be schediuh Oldenzaal. Scheduling this case mix in
Oldenzaal has a large impact on the remaining asdor location Enschede. Since the case mix of
Enschede changes, the current tactical block séhézino longer suitable. After determining theecas
mix for Enschede, we recalculate the required OPacity per specialty. To generate an initial
solution, we adjust the existing tactical block exdlle such that the distributed OR capacity per
specialty equals the recalculated required capaBi&ged on this initial schedule, we calculate the
95% confidence interval for the number of requibeds in every ward using the mathematical model
of Vanberkel et al. (2009). By interchanging ORslaf different specialties and evaluating each

solution with the model of Vanberkel, we level hailization in the wards..

5.2 Additional interventions

5.2.1 Planned slack
Currently, MST uses the quantile method to buféerudncertainty in surgery durations. Section 2.4.3
and Appendix 1.1 describe the disadvantages ofrtl@ghod for forecasting surgery durations, while

reserving slack to cope with uncertainty. Insteddaidculating these quantile values and using these
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during operational offline planning, planners ca® @expected surgery durations combined with an

amount of planned slack.

By using planned slack (Hans et al., 2008), suegesire added to an OR program using the expected
duration of the combination of surgeries plus aram of reserved (planned) slack. The size of the
planned slack depends on the safety fa@rused and the uncertainty in the surgery duratodrise

surgeries scheduled for the specific OR-ddgns et al. define the amount of planned slack by:

JEN skt
N+ represents the set of all surgefjies$ specialtys that are scheduled in G&on dayt.

By choosing parametgt, the planner can adjust the risk of violating dapacity restrictiond,).

Figure 17 shows an example of filling an OR-daygslanned slack.

Cit
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Figure 17 Example of using planned slack

The planned slack method can both be used in tttpnal as well as the tactical planning phase. |

the tactical planning phase, a MSS slot for a ces”argery type (or cluster of surgery types) is/on

allowed on an OR-day if the expected surgery domatif all planned surgery types plus the amount of

planned slack does not exceed the available ORgean©R-day.

In the operational phase, more information is add, since the planner now knows which specialist
is going to perform the surgery and what activitea® going to be performed. Based on this
information the amount of planned slack can beutated for every combination of surgeries in an
OR block (or OR-day). The planner is generally aldwed to add a surgery to an OR program if the
expected surgery duration of the combination ofisties and the planned slack exceed the maximum
capacity. By visualizing the amount of planned lsldle planner receives feedback on the uncertainty
of the program.

5.3 Qualitative analysis of proposed interventions

During the qualitative analysis of the interventipme elaborate on the expected strengths and
weaknesses of the proposed interventions. We doonlyt take usability into account, but also

consider expected implementation issues.
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Cyclic Master Surgical Scheduling approach for loction Oldenzaal
Chapter 4 already described general advantagedisadivantages of the cyclic MSS approach. In this

section, we focus on the strengths and weakndsaeare particularly applicable to MST.
Strengths:

. The approach offers a tool that simultaneously owps OR efficiency and levels demand for
subsequent surgical wards.

. The model is generic. This enables extending theefnim other scarce resources, such as ICU
beds, OR equipment, and instrument trays.

. The cyclic nature of the model prevents tacticalnpers from periodically creating a new
block schedule. Once the data requirements aretihgeslgorithm calculates a new MSS. This
reduces the managerial workload of the tacticaiima

. The concept of different slots for different typ#ssurgeries enables surgeons to use the MSS
similar to the way they used to schedule patiamg)g a traditional calendar. If a free slot
exists, a patient that finishes the post operagreening can immediately receive a surgery
date. This improves communication to the patientt blso decreases the workload of

operational planners.
Weaknesses:

. The model assumes a cyclic schedule. During holEyods, however, MST temporarily
decreases capacity. These reduction periods prevedeling OR planning using the cyclic
MSS approach presented by Van Oostrum et al. (20@8&o0, the cyclicity of the model of
Van Oostrum et al. prevents taking into accounsseal effects. Further research is required
to adjust the model to be able to take into acceeduction periods and fluctuations in
demand.

. The model assumes discrete lengths of stay. Thigepts the standard model from being used
for tactical OR planning for the OR department ms€hede, since there is more uncertainty in
length of stay for the surgery types performedmsdhede.

. In order for the tool to sufficiently model realitghe data requirements are extensive.
Currently, MST uses various information systemsesehsystems are not always compatible
with each other. Additionally, the report functiohthe hospital management system is very
limited. This makes it difficult to gather the remd data. During this research however, we
have created different Excel based macro filesd¢hable combining data from different data
standards.

. The robustness of an OR schedule depends on thenarabslack that is reserved to cope

with uncertainty. In order to cope with the occaae of emergency or semi-urgent patients,
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slack has to be reserved. When using slots to sthedirgery types it is necessary to know
how much space to reserve for semi-urgent and haehnspace to reserve for emergency
patients. Currently, these two types of patienésrant separately registered, which prevents a
planner to quantify the amount of slack requireddpe with each type of patient.

. The slots in the master surgical schedule have tinked to the demand. In order to identify
and cope with fluctuations in demand, access tinae® to be monitored. Currently, planners
can only retrieve the current number of patientshenwaiting list. The system, however, does
not have a report function, which makes it impdsstb examine trends in demand. This can

lead to a simultaneous decrease of OR utilizatt@wham increase of access times.

Calculating ward occupancy distributions based ondctical block plan for location Enschede
Strengths:

. Application of the model in the Dutch Cancer Ingtt - Antoni van Leeuwenhoek hospital
has proven that the model offers valuable insightOR planners and motivates them to not
only strive to optimal OR utilization, but also &lnto account the effect on subsequent

departments (Vanberkel et al., 2009).

Weaknesses:

. The model presents probability distributions, base@ specific (tactical) OR plan. It does not
generate a tactical block plan itself. However,edasn these probability distributions, it is
possible to calculate performance indicators feruariance in bed utilization in wards. After
an initial solution has been generated, local $etechniques can be applied to improve the
schedule. After each solution proposed by the Iseafch heuristic, the performance indicator
has to be calculated. In order for the algorithrbeédor this to lead to a practical heuristic, the
algorithm to (re)calculate the performance indig@oshould be sufficiently fast.

. The model only covers ward occupancy and worklgatbes not consider OR utilization.

Planned slack
Strengths:

. The method takes into account the combination afesies and determines slack over the
combination of surgeries instead of buffering facke surgery separately.
. By combining surgery types that have similar statdeviations, it enables the planner of the

planning package to minimize the required amoumiafned slack (portfolio effect).

Weaknesses:
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. The current planning package uses the quantileadethis unclear whether the vendor of the
planning software is able and willing to incorperatanned slack into their model.

. The idea of providing the planner information abthg uncertainty of an OR program using
planned slack can give the planner valuable insighthe uncertainty of an OR program. On
the other hand, the understanding of the method tsaletermine the amount of OR time
required to finish the program becomes less obvidMishout instructing planners on the
principle behind the planning method, distrusthe imethodology might occur.

5.4 Conclusion

Master surgical scheduling

The master surgical scheduling approach is progisiuith respect to minimizing required OR
capacity (thereby optimizing OR utilization) anddéng bed occupancy. Nevertheless the conditions
that have to be met before being able to use theaph (Van Oostrum et al., 2008a) cannot be met
for the OR department in Enschede. Oldenzaal onother hand does meet these conditions.
Adjusting the MSS approach to make it suitableléeation Enschede goes beyond the scope of this

research. We therefore test the MSS approach onlgéation Oldenzaal.

Tactical block planning

After having determined the case mix for locatiolugdzaal and Enschede, we adjust the current
tactical block plan for Enschede to generate aralrgolution suitable for the case mix of Enschede

Next, we calculate the probability distributions feed occupancy and workload using the model
presented by VanBerkel et al. (2009). Based onrtiadel we interchange surgical blocks until we

find a new tactical block plan, where bed occupaacyl workload of the surgical wards has

sufficiently improved.

Planned slack
During the creation of the master surgical schedalbduring the operational phase, we test filthng

OR program using planned slack instead of the ntlyresed quantile method.
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6. Computational experiments

This chapter describes the evaluation of the pmgbasterventions based on quantitative criteria.
Section 6.1 comments on the appropriate verificatiechnique. After Section 6.2 describes the
models itself and presents the assessment crigeiions 6.3 and 6.4 respectively describe thetinp
distributions and technical design of the modelfteiAwe validate the model and present the
experimental configurations in Section 6.5 and iBac6.6. In Section 6.7, we present the results of

the quantitative evaluation and discuss the outsome

Since we consider different interventions for lamatOldenzaal and location Enschede and use
different techniques for evaluating these interi s, we discuss the experimental set-up for both
locations separately. The case mixes of both looatmake up the case mix of the entire hospital.
Since we assume the case mix of the entire hogpitadins stable, the input parameters for the case
mix of location Oldenzaal and the input parameterghe case mix of location Enschede correlate.
During the evaluation of the results, we combine ibsults of the experiments for both locations in

order to comment on the effect on the entire hakpit

6.1 Verification technique

In order to determine the effect of the proposddrientions, we test our interventions on specific

performance criteria. In order to do so, we havedtoptions:

I.  Real life experiments
II.  Analytical models

M. Simulation study

Real life experiments have some major drawback®ims of costs, repeatability, and duration to
complete the experiments. The requirement to exarfia effect of multiple interventions, the time

restriction, and the costs restrictions make realdvexperimentation infeasible for this research.

Analytical models are able to deliver results fash be executed repetitively and generally taks le
time to complete than real life experiments andugition studies. Additionally, analytical modelg ar
generally easier to optimize than real life expemts and simulation studies. However, it is not
always possible to create analytical models forweald situations. Especially in cases where rando
events interact, as is the case in the executisargfical programs, analytical models become Migtua

impossible to solve or do not describe reality isightly.

Oldenzaal
In order to evaluate the effect of the proposeerugntions on OR utilization (and overtime), we ase

simulation model. The occurrence of various evémis influence each other and the uncertainty in
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the occurrence and duration of events make thecagiph of analytical models very complex. We
therefore prefer using a simulation model. Theestditthe system (waiting lists, ORs, wards) changes
instantaneously at separate points of time, duféooccurrence of events. Examples of events that
might occur are: the opening of an OR, finishinguegery, or the arrival of an emergency patient. We
therefore use discrete event simulation. In Oldahzal patients that visit the OR, stay in the sam
surgical ward. Since ward information and datalenlength of stay of these patients is availabke, w

are able to include ward occupation in the simafatnodel for location Oldenzaal.

Enschede

To evaluate the effect the proposed interventiamgelon the utilization of OR capacity, we use the
same simulation model as we use for location Oldahan order to maintain a realistic view, we
adjust the simulation model to the situation ofalitan Enschede in 2008. In contrast to location
Oldenzaal, we do not use the simulation model vatuating ward occupancy. In Enschede, there are
various surgical wards. These wards generally diifem each other by the primary specialty or
specialties that are dedicated to it. Nevertheliédsappens that a patient has to be transferreal to
different ward. These transfers contaminate tha #at the link between surgical ward and surgery
types. Therefore, we choose to evaluate ward oticupor location Enschede on a more aggregate

level. This enables us to use the analytical motiglanberkel et al. (2009).

The input parameters for the analytical model heea@mpirical distribution for the number of cases
per specialty block, and the empirical distributior the length of stay for patients of these
specialties. To model the current situation, weedsine the empirical distributions using the
historical data of 2008. Obviously, there is nddrisal data for the number of cases per OR block f
the future situation where there is an EBC in Omldath We therefore use the output from the
simulation model as input for the number of cases gpecialty block in the analytical model.
Thereby, we are able to comment on the expectedtefbn bed occupancy caused by the realization
of the EBC in Oldenzaal.

6.2 Conceptual model design

6.2.1 The project objectives
The aim of this study is to compare the effectdhaf proposed interventions on throughput, OR
utilization, overtime probability, and variability ward occupancy. The results of the simulatiomigt

and analytical model determine which interventiaespropose for implementation.

6.2.2 Performance indicators
In comparing the different interventions, we use tlollowing performance indicators for the

utilization of OR capacity:
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e Throughput (number of patients per OR-day)
* Net utilization of OR capacity
» Overtime probability per OR-day

» Average amount of overtime per OR-day that hastiomer

These performance indicators are similar for botations. The performance indicator for the bed

occupancy differs Oldenzaal and Enschede.

Oldenzaal

The simulation model generates patients that octigus in the surgical ward. The model uses the
length of stay of each patient to determine hovglarbed is occupied. Based on this information, we
determine the average inpatient bed occupatiorttamdoefficient of variation for the bed occupancy

of elective inpatients.

Enschede

The analytical model determines a probability disttion for the bed occupancy. Instead of
calculating the amount of occupied beds per dayntbdel calculates the probability distribution for
the number of occupied beds per day. Based on ttiss#utions, we calculate the average bed
occupancy, the variation in bed occupancy and 8% Quantile values for bed occupancy. The 95%
guantile value for the bed occupancy gives a melielle measure for the number of beds that need to
be staffed than the expected bed occupancy. Sidftils based on the expected occupancy results in
the ward being understaffed approximately halthef time. Since we are interested in the variation i
bed occupancy, we use the coefficient of variabildar the 95% quantile value of the number of

required elective inpatient beds. Mathematicallg tan be represented by:

Let X,, be the number of occupied beds on day n=1,...,N,XgreEmpirically distributed. Then
the 95% quantile value for the number of occupiedson day nist, : P(X,, < x,) = 0.95.

The performance indicator for the variation of bmsrtupancy:

. Zrl\izl(xn — ¥)? _ 71\1[=1 Xn
,Where S, = /—n—l 'andx_—N
6.2.3 Scope

Since the objective of this research is to presetd@rventions that improve OR utilization and

><||>§’3

CVy =

variability in bed occupancy of the surgical wande, demarcate the scope of this simulation study to
the general OR department and the subsequent waltdsugh the availability of ICU bed capacity
restricts the number of possibilities in schedulehective patients in Enschede, the absence offdata

the length of stay in the ICU prevents us fromngkiCU availability into account. Additionally, the
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number of elective patients that require an ICU Isdimited to 2.9% of the entire elective case mix

for location Enschede and 0% for location OldenzBeakase a conflict occurs, this affects a single
patient only, whereas admission stops caused hydew surgical wards cause entire programs to be
cancelled. Other departments involved in the pymaocess, such as the inpatient clinic, the POS
department, the OR holding area, and the recoxmmy do not impose restrictions on the execution

of the OR programs. Therefore, we do not includsé¢hdepartments in the simulation model.

Level of detall
» Patients are generated and placed on a waitingiistg the case mix characteristics of 2008.

» Based on the patient’'s due date, the patient isdadhd for an appropriate OR-day.

» Depending on the length of stay associated to #tenqt, each patient contributes to the bed
occupancy of the surgical ward.

* The OR and ward are examined as if they were bacles. The processes within the boxes are
not relevant in terms of the predefined performandeators and are therefore not included.

» Surgical ward beds are assumed to be occupiedtfiermoment the patient is admitted until the

patient is discharged.

Figure 18 shows how we include waiting list, wamsd] ORs in the simulation model..

PREPARATIONS SIMULATION
START START
Offline SIMU-
planning LATION
Generate
Case Mix elective Start ORDAY
patients

Create list of
emergency

patients
CTreals z Creats
operational Dperaf.uonal ordered list of
i offline 5

offline patients (for
chedule oLt every OR)

Operational

offline

Calculate ward P schedule
accupancy NO Process
(elective RGLPRNGY. I—’ patient in OR
palignts)
YES
End of offine Patients’
planning available?.

NO

Put patient on
waiting list

of
emergency
patien

Capacity
dimensio

schedule
M

End ORDAY

YES
Terminate
simulation run,

Figure 18 Flowchart of simulation model consistingof preparations (creation of operational offline sbedule) actual
execution of simulation runs.

Appendix O states the restrictions and assumptionsll model configurations in the simulation

model.
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6.3 Data gathering and data validation

We use the historical data of the general ORs 0820 determine the input distributions for surgery
durations and changeover times in the simulatiodehal his data was already discussed during the
guantitative analysis in Section 2.3 and Sectigh b order to validate the data, we presented our
statistical analysis to OR management and varieeld £xperts (including specialists). For more
information about the determination of probabildystribution of input parameters, we refer to

Appendix N.

Oldenzaal

In order to model surgery durations in the simolatmodel, we use a lognormal distribution. Since,
we are not able to fit a distribution to the chamg® times, we use the historical data to derive an
empirical distribution. There is little uncertaintythe length of stay of patients in the surgiwatd in
Oldenzaal, therefore we assume the length of stapldenzaal to be deterministic. Table 11 shows

the input distributions for location Oldenzaal.

Table 11 Distribution used for input parameters forlocation Oldenzaal

Distribution Used in
Surgery Durations Lognormal Simulation model
Changeover times Empirical Simulation model
Length of stay Deterministic Simulation model

Enschede

The input parameters for the simulation model h#neesame distributions as the input distributions
for location Oldenzaal. The input distribution the length of stay differs from Oldenzaal. Sinoer¢h

is more variation in the length of stay of patieint$he surgical wards in Enschede, we do not assum
deterministic length of stay. Instead, we deriveeapirical distribution based on the historicaladat
In order to be able to comment on the expectedobedpancy, using the analytical model, we use an
empirical distribution for the number of patientsr pPOR block. Table 12 summarizes the input

distributions for Enschede.

Table 12 Dsitribution used for input parameters forlocation Enschede

Enschede Used in
Surgery Durations Lognormal distribution Simulation model
Changeover times Empirical distribution Simulation model
Length of stay Empirical distribution Analytical model
Cases per OR block Empirical distribution Analytical model

Appendix N gives more information on the determmabf input parameters for the surgery durations

and changeover times for both locations.
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6.4 Technical design of the simulation model

Instead of having to create a simulation model fsamatch, we are able to use the “The OR manager”
software developed by the Centre of Healthcare &jo#is Improvement & Research (CHOIR) of the
University of Twente. This Delphi based softwaregram is a generic model for simulating resource
capacity planning. Although the name “OR Managerdicates the model is initially designed to
model operating room planning, it is also usedimutating other resources, such as the radiology

department.

General simulation settings:

« nr. of periods

* days per period,

s duration of each working day

Specialty information: Resource information: Case mix characteristics:

= Name of specialty « Name of resource = Elective patients

s % of total volume » Type of resource = Emergency patients
Strategic + Available capacity

planning | strategic management:

= Number of available ORs

s Type of ORs

« Method of buffering for uncertainty (plan to target versus plan slack)

Tactical management:

» Divison of ORs over specialties

» OR opening hours

+ Possibility to reserve slack for emergency surgeries
= Toggle use of Master Surgical Scheduling Approach

Tactical
planning

Operational management;

« [nitialization options (use entire case mix, generate to fill capacity, replenish by waiting
list)

How to deal with resource canflicts

Possibilility to limit scheduling outpatients in outpatient Ors

Use expected durations / appointment slots for scheduling surgeries
Use of lunch breaks

Rules for scheduling MSS surgeries if no slot is available

Job priority rule

Job selection rule

OR selection rule

Operational
Offline
planning

Cnline planning settings: Other simulation settings

= Availahility of patients at the start of the day = Nr of simulation runs

= Allow / Forbid elective surgeries to start before its

planned start

Options for moving elective surgeries between Ors

Options for determining ORs allowed to handle

emergency and semi-urgent patients

= Cancellation options for surgeries that connot be
performed within regular working time

* Surgery sequence in case an OR becomes available

Operational |
Online
planning

Figure 19 Hierarchical planning levels incorporatedin simulation model
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6.4.1 CHOIR'’s simulation model: “The OR manager”

“The OR manager” enables simulation of the exeoautibOR programs. In order to adjust the model
to MST's specific situation, the program’s useeiféce offers different settings for decision made
different hierarchical levels in resource capadgilnning. Figure 19 shows how the model
incorporates the different hierarchical levels @$aurce capacity planning and states the choiegs th

can be made on each level.

6.4.2 Model limitations

Oldenzaal

The simulation model offers the possibility to usaster surgical scheduling during tactical OR
planning. However, the MSS routine in the simulatisoftware differs from the integer linear
programming technique and column generation héupsbposed by Van Oostrum et al. (2008b). For
each surgery type that uses MSS slots, the softiianébutes time slots over suitable OR-days using
list scheduling. After an initial solution has beggnerated, local search techniques can be apgplied
interchange slots in order to minimize variatiorbed capacity of surgical wards. During operational
planning, the list scheduling algorithm fills thené slots with patients that require the appropriat
type of surgery. After all slots are filled, themaining capacity is filled by following predefined
priority rules. The existing model does not alldve ttombination of a cyclic MSS and appointment
slots. Instead, the model uses expected surgegtidus and planned slack. Therefore in simulating
cyclic master surgical slots, we use planned slacope with variability instead of the currentlyeal
qguantile values. In order to evaluate the effectinifoducing a cyclic MSS, we compare the
performance of the cyclic MSS with planned slackhi performance of a cyclic block schedule with

planned slack.

“The OR manager” does not offer the possibilitycaliculate the quantile values for the surgery
durations of various surgery types itself. Howeviedoes offer the possibility to define appointren
slots. The quantile values determined from theohisdl data determine the length of the appointment

slot for each type of surgery separately.

Enschede

Location Enschede has 11 ORs. One of these isasedrauma OR and is ran by trauma surgeons.
Although this OR is not defined as an emergency @R, purpose of this OR is to perform both
emergency and semi-urgent surgeries. Half of thalable capacity is reserved for semi-urgent
patients. The remaining capacity is reserved foergency surgeries. Because planners do not
consequently register semi-urgent surgeries asgamey or elective surgeries, the actual distrilsutio
cannot be derived from the historical data. Theustion model does not support two or more

specialty blocks per OR-day. Therefore, we model titauma OR as two separate ORs, one for
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(elective) semi-urgent surgeries and one for enmengsurgeries. Both ORs get half the capacity of a

regular OR (240 minutes instead of 480 minutes).

The graphical user interface of the simulation nh@dlews only a limited number of different OR-
days during tactical planning. This prevents usifigsing the tactical block schedule of 2008 asctlire
input for the tactical block schedule in the siniola model. Since the model does allow a cyclic
schedule, we translate the block schedule of 260@84 weekly schedule that repeats itself 13 times.
The annual OR capacity and the length of the ORKslan the cyclic schedule are similar to those in
the actual block schedule of 2008.

We programmed the analytical model using Micro&ositel 2007 and Visual Basic For Applications.
Calculating the probability distribution for thefférent specialties using the analytical model sake
several minutes on a Packard Bell Easynote notelwibkIntel Centrino 2DUO 2.1GHz processor
and 4GB RAM. Since the analytical model calculdtessteady state distributions for a cyclic roster,
the entire distribution has to be recalculatedrai® blocks are swapped. Every recalculation cka ta
up to a minute, depending on the number of blotties, maximum length of stay, and the maximum
number of cases per OR block. Therefore, we dicertend the model with a local search algorithm.
In order to be able to add a local search algoritwn first have to optimize the model in terms of
speed, or have to use faster programming langu&geshe time being, we choose to swap OR blocks

manually.

6.5 Verification & validation of the model

To verify and validate the simulation model, wet the model using the input data and block schedule
of 2008, to which we refer to as the null configimas. We compare the performance indicators for
the OR utilization and the probability and amouhowertime to those of the real-world observed data
of 2008. To validate the simulation model, we eatduthe absolute differences between observed and

simulated values. The null configurations represeafollowing settings:

* Oldenzaal: Block schedule Oldenzaal 2008, Quamti&thod (67%), Case Mix Oldenzaal
2008.
» Enschede: Block schedule Enschede 2008, Quanttleoehé70%), Case Mix Enschede 2008.

Oldenzaal

Table 13 shows the relative difference betweernotieerved data of 2008 and the simulated data for
Oldenzaal. We use the realized block schedule @828s input for the simulation model. The
available capacity can change during operatiorfihefplanning. In case an OR remains empty, this
OR is closed, thereby reducing capacity. For tHeocamfiguration, no OR is closed during operationa

offline scheduling. This explains the relative ditfnce of 0% with the historical data. The diffeen
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in number of OR-days can be explained by the fzait e model an OR-day that consists of two OR
blocks as two separate OR-days. The number ofiedestirgeries per year in the simulation model is
lower than the actual number of surgeries. Chantiiagsimulation settings to allow more surgeries to
be scheduled during operational offline planningses the amount of overtime to increase drastically
The same holds for the overtime probability. Basadthe historical input data, we are not able to
adjust the simulation model such that the overtpnebability increases and the total amount of
overtime decreases. The number of patients per aedrthe total overtime per year both show a

relative difference between observed and simulatddes of 5% or less. We find this difference

acceptably small. Therefore, we use the proposediaiion settings.

Table 13 Difference between observed values 2008 asichulation output Q(0.67)

Simulation Observed Relative

(averages) (data 2008) difference
Available capacity per year 4135 hrs 4135 hrs 0%
Number of OR-days per year 526 524 +0%
Number of elective surgeries per year 4201 4311 %- 3
Net OR Utilization 80 % 80 % -0%
Overtime probability 0.20 0.29 -31%
Total overtime per year 3235 3088 +5%
Average elective surgery duration 48 min. 47 min. 2 %
Standard deviation of elective surgery 34 min. 33 min. -3%
duration

Enschede

Table 14 shows the relative differences betweenlteederived from simulating the null configuration
and the observed data of 2008. We see that thatdwvifor most indicators is within 5%. The
probability of overtime and the amount of overtidiifferentiate show larger deviations. While the
probability of running into overtime for the simtdd null configuration is significantly lower, the
total amount of overtime per year is significartigher. A possible explanation for the deviation is
the difference between the way we incorporate eemeng ORs and reality. In reality, the trauma OR
is used for a mixture of elective (semi-urgent) antergency surgeries. We model the emergency OR
as a dedicated emergency OR with the capacity ibfahday. All emergencies arriving outside this
period cause disturbances on other programs, wdniehikely to result in overtime. In reality the
trauma OR can deal with emergency surgeries frarbtginning of the day unto the end, but also
offers capacity for the elective patient, therelmgréasing flexibility. Additionally, in reality,
emergency surgeries that do not immediately requiedical care can be postponed to the evening
shift. Based on these possible explanations fordingation in overtime (probability) and since
altering the model either increases the deviati@ween the actual and simulated overtime
probability, or the deviation between total simathiamount of overtime and the actual amount of

overtime, we tolerate the observed deviations.
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Table 14 Relative difference between performance inchators for null scenario Enschede (simulation) andhistorical

data 2008

Simulation Observed Relative

(averages) (data 2008) difference
Available Capacity per year 20018 hrs. 20020 hry 0%
Number of elective surgeries per year 10808 11123 3 %-
Number of emergency surgeries per year 1286 1278 1 %+
Net OR Utilization 79.5 % 82.0 % -3%
Total overtime per year 49479 min. 37280 min 933
Overtime probability 0.32 0.35 -8%
Average elective surgery duration 85 min. 84 min. 1%
Standard deviation of elective surgery 65 min. 62 min. +5%
duration

6.6 Experimentation design

6.6.1

Due to the use of probability distributions in #imulation model, the performance indicators defive

Number of replications

from the simulation differ for each simulation run.order to get a reliable estimate of the expkcte
value 1) of each indicator, we repeat each experiment gbeurof times. Subsequently, we estimate
the expected value for each indicator by taking @herage of all identical experime@ty. By
increasing the number of replications, the errodena estimating the expected values can be reduced
Consequently, after stating a desired confideneel lfor the mean, it is possible to determine the
minimum required number of replications for eacpexkment. After making a trade-off between the

desired confidence level and the required numbeeplications (Law, 2007, p. 501), we choose a
confidence level of 95%, which coincides with aatiede error ofy = 'X%”' = 0.05.

The required number of replications varies for eagperimental setting. In order to calculate the
actual required number of replications per expenimmee use the sequential procedure (Law, 2007,
pp. 502-504). Table 15 shows the number of reptinatused in the simulation study for the null

models of Oldenzaal and Enschede.

Table 15 Required number of replications for the ndlconfigurations

Required number of replications
Oldenzaal 18
Enschede 8
6.6.2 Warm up period

A warm up period has to be considered in case yste® requires time to reach its steady state
behavior. For example, when simulating bed occuparica ward that does not close, the system

needs a warm up period to reach a realistic arzdigtstate.
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Oldenzaal
The surgical ward in Oldenzaal closes during weg&enhis means that the simulation is terminating.

In case of such a terminating simulation, no wamperiod needs to be considered.

Enschede

Although surgical wards in Enschede do not close, do not use the simulation model for
determining ward occupancy. The simulation modelHonschede only considers OR capacity. Since
the OR capacity returns to its initial state evday, the simulation model is terminating. Therefore
we do not take into account a warm up period fer shmulation model for location Enschede. The
analytical model of Vanberkel et al. (2009), whisk do use to calculate ward occupancy, assumes
repetitiveness of the block schedule. Based on rdpetitiveness it calculates the system’s steady

state. This means that no warm up period has tmbgidered for the analytical model either.

6.6.3 Interventions
In order to test each proposed intervention, sévexperimental factors can be changed. Which
factors should be changed depends on the typdesf/ention. Again, we discuss the settings for each

location separately.

Oldenzaal
The simulation model offers four options for makang operational offline OR plan:

1. Schedule surgeries based on expected durationsayrgdefined capacity target is reached,;

2. Schedule surgeries based on quantile values thtrntiee the length of predefined
appointment slots;

3. Schedule surgeries based on expected duratioreaad/e slack to deal with disturbances;

4. Schedule surgeries based on a cyclic master suigibadule (Van Oostrum et al., 2008b)

and cope with uncertainty by reserving slack td dath disturbances.

For location Oldenzaal we use all options except

Cumulative distribution function

e the first. For the second option, we define
O\ appointments slots per surgery type. Figure 20

= 0.015 illustrates how the quantile value determines the
T oom ﬂ length of the appointment slot. In the example, a
probability of 0.8 (80% quantile) coincides with an

appointment slot of 68 minutes. To test the effect

surgery duration (x)

of changing the quantile values, we test different

Figure 20 Example of 80% quantile value: probabilities.
x: PX<x)=0.8

In order to test the effect of using planned slack,
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we use the third option. By changing the slackdgctve vary the overtime probability and net
utilization. We compare the method of planningklto the method of planning appointment slots

based on quantile values.

To test the quantile method and the planned slaatkoal, we use the tactical block schedule of 2008
in which OR blocks are assigned to specialties. éx@luating the cyclic master surgical schedule
approach, we translate the existing block schetuéecyclic schedule, such that the available aapac

per specialty is similar for both approaches. Sitlee master surgical scheduling algorithm uses
planned slack, we test the master surgical schaglidpproach with the slack factor that most
resembles the null configuration. We compare thdopmance measures for the master surgical
scheduling approach to the performance of a cyalick schedule with equal amount of planned

slack.

Enschede

For location Oldenzaal, we consider a tactical blechedule with appointment slots only. The length
of the appointment slots is similar to the realizgdation in 2008. We use the analytical model of
Vanberkel (2009) to evaluate how the tactical blsckedule affects bed occupation of surgical wards.
We modify the tactical block schedule by interchiaggr moving OR blocks in order to decrease the
expected variability in bed occupation. We evalutie changes to the block schedule using the

analytical model.

6.6.4 Scenarios

Scenario 1

We evaluate the proposed interventions for two @&des. The first is the situation of 2008, with two
ORs in Oldenzadland eleven ORs in Enschede. We consider the aéializin Oldenzaal in 2008 to
be the case mix for location Oldenzaal and theiza#@bn in Enschede to be the case mix for

Enschede.

Scenario 2

The second scenario represents the future sityatbere there is an EBC in Oldenzaal, which
consists of 4 ORs, while the capacity in Enschedeains the same. For the case mix of location
Oldenzaal, we consider the ambition presented bglist¢d Spectrum Twente (2009a). We define the
case mix for location Oldenzaal to be the case fmixthe entire hospital minus the case mix for

location Oldenzaal.

% During 2008, OR capacity in Oldenzaal decreasenh flour ORs in the beginning of the year, to twosQR
the end of the year.
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6.7 Configurations

Based on the proposed interventions, the experahdattors, and the scenarios, we determine a
number of configurations. We evaluate each configon using either the simulation model

(Oldenzaal) or a combination of the simulation mMadw®l the analytical model (Enschede).

Oldenzaal

Table 16 shows the configurations for testing the @posed interventions with scenario 1, the situatiom 2008. Table
17 Configurations for simulation for location Olderraal (scenario 1): cyclic block schedule versus dgcMSS.

Identifier Tactical planning Method to deal with | Experimental factor

uncertainty

10. | Old_cMSS_PS(0.5) Cyclic block schedule PlarBledk B = 05

11.| Old_cMSS _PS(0.5) Cyclic MSS Planned Slack B =05

Table 18 shows the configurations for testing theppsed interventions with scenario 2, after the

realization of the EBC.

Table 16 Configurations for simulation for locationOldenzaal (scenario 1), quantile method versus plaed slack.

Identifier Tactical planning Method to deal with | Experimental factor
uncertainty
0. | Old_Block_Q(50) P(X <x)=0.50
1. | Old_Block_Q(60) P(X <x)=0.60
2. Old_Block_Q(67) (Null conf)) Quantile method 5~ 67
3. | Old_Block_Q(70) P(X <x)=0.70
4. | Old_Block_Q(80) Block schedule P(X <x)=0.80
5. | Old_Block_PS(0.2) B =02
6. | Old_Block_PS(0.5) B =05
7.1 Old_Block_PS(1.0) Planned Slack 5= 1.0
8. | Old_Block_PS(1.5) B =15
9. | Old_Block_PS(2) =2
Table 17 Configurations for simulation for locationOldenzaal (scenario 1): cyclic block schedule versicyclic MSS.
Identifier Tactical planning Method to deal with | Experimental factor
uncertainty
10. | Old_cMSS _PS(0.5) Cyclic block schedule PlarBledk B =05
11.| Old_cMSS _PS(0.5) Cyclic MSS Planned Slack B =05
Table 18 Configurations for simulation for locationOldenzaal (scenario 2).
dentifier Tactical planning Method to d-eal with | Experimental factor
uncertainty
12.| Old_cBlock PS(0.5) N Cyclic block Schedyle Akxh Slack B = 0.5
13.| Old_cBlock _PS(0.5)_N Cyclic MSS Planned Slack B = 05
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Enschede

For location Enschede, we do not consider usingacyeaster surgical scheduling. Table 19 shows

which configurations we use to evaluate both seéesaFor both configurations, we use the quantile

method.

Table 19 Configurations for simulation of interventions for location Enschede, including null configurabn

Identifier Tactical Method to deal with Experimental Scenario
planning uncertainty factor
14.| Ens_Block_AS(.70) ) )
Block schedule| Quantile method | P(X <x) = 0.70 | Scenario 1: 2008
(Null conf.)
15. | Ens_Block_AS(.70) N Block schedule Quantile method P(X < x) = 0.70 | Scenario 2: EBC

Additionally, we use the analytical model to detgrenthe bed occupation of surgical wards and
propose changes to the block plan that reducedhability of the bed. For scenario 2, with an EBC
in Oldenzaal, we determine the probability disttib for the number of inpatients per OR block from

the simulation model.

6.8 Results of the quantitative analysis

This section presents the results of the quantitadinalysis. We evaluate the proposed interventions
using the performance indicators described in 8ecl.2. We distinguish between the proposed
interventions for location Oldenzaal and the ingeions for location Enschede. For scenario 2, the
scenario with the EBC in Oldenzaal, we evaluate gbdormance of each location separately, and

evaluate the performance of the hospital as a whitst, we discuss the results of the simulation

studies. Then, we present the results for the bedpancy in Enschede using the analytical model.

6.8.1
For location Oldenzaal, we evaluate three typestafrventions: use of quantiles, use of planned
slack, and the introduction of a cyclic MSS (Vans@om et al., 2008b). The first two interventions

Oldenzaal scenario 1: current situation

are not exclusively applicable to Oldenzaal, theicyMSS is.

Table 20 shows the performance measures for therelit configurations for location Oldenzaal. The

various configurations correspond to the configaret presented in Section 6.7.
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Table 20 95% Confidence intervals of the simulatiomesults for OR utilization of the configurations for location
Oldenzaal: Quantile method, Planned slack method,ral cyclic MSS.

Configuration Nr. of Through- | Nr. Of Average net Overtime Avg. OT per
replica- put (avg. OR- OR utilization (OT) OR-day with OT

tions patients days [95% conf. probability (min.)

per OR- interval] [95% conf. [95% conf.
day) interval] interval]

Old_Block_Q(50) 6 8.9 487 0.838 0.550 43.2
[0.835, 0.841] | [0.526, 0.574] [40.4, 46.1]

Old_Block_Q(60) 6 8.5 505 0.816 0.328 34.8
[0.814, 0.818] | [0.316, 0.340] [31.5, 38.0]

Old_Block_Q(67) 18 8.2 518 0.794 0.201 31.0
(Null configuration) [0.792,0.795] | [0.194, 0.209] [29.1, 32.9]

Old_Block_Q(70) 26 8.0 523 0.786 0.152 26.9
[0.784, 0.787] | [0.139, 0.165] [22.7, 31.0]

Old_Block_Q(80) 90 7.3 526 0.734 0.050 28.0
[0.734, 0.735] | [0.039, 0.061] [17.8,38.2]

Old_Block_PS(0.2) 8 8.5 510 0.819 0.362 35.1
[0.816, 0.822] | [0.343, 0.381] [33.2,37.0]

Old_Block_PS(0.5) 10 8.3 521 0.809 0.268 30.5
[0.806, 0.811] | [0.247, 0.289] [29.1, 31.9]

Old_Block_PS(1.0) 16 8.1 525 0.783 0.166 28.6
[0.781, 0.784] | [0.146, 0.185] [25.6,31.5]

Old_Block_PS(1.5) 38 7.7 526 0.754 0.093 247
[0.753, 0.755] | [0.081, 0.105] [20.4, 28.9]

Old_Block_PS(2) 72 7.4 526 0.726 0.053 20.3
[0.725, 0.727] | [0.046, 0.059] [16.6,24.9]

Quantile method versus planned slack

Table 20 shows the output of the simulation modellécation Oldenzaal. The table shows that by
decreasing the quantile value it is possible tairate higher level of OR utilization. However,
decreasing the quantile value also leads to a higtabability of overtime and a higher amount of
overtime. Increasing OR utilization by changing thexntile value therefore comes down to a trade-
off between OR utilization and (risk of) overtimeurthermore, the results show little difference
between planning with planned slack and planningguthe quantile method.Figure 21 and Figure 22

show that both methods can be used to get the leaeieof performance.

63



Improving elective OR planning at general ORs ofdideh Spectrum Twente

5] 25
= T /
B oS / E
: / : /
% i oy
g 0.4 ]
a / a 15
z oz g /
2 ~ £ 1 s
| 02 . 3 PP
S 1 / 3 = -
& & e
.E 0 ; - = (0] T T T T 1
E 0.72 0.74 0.76 0.78 0.e 0.82 0.24 0.86 E 72 0.74 0.76 0.7g 0.8 0.82 0.24 0.8
>
2 OR Utilization ORutilization

—— Quantile Planned Slack s (uantile «Planned Slack

Figure 22 Quantile method versus planned slack:
Relationship between average overtime per day and
OR utilization. (average overtime per day = probability
of overtime * average overtime per OR-day in over).

Figure 21 Quantile method versus planned slack:
Relationship between overtime probability and OR
utilization.

Since all configurations presented in Table 20ulteBom the same block schedule and neither
configuration takes bed occupancy levels into aotothere is little difference between the
configurations using the Quantile method and caméigon using the “Planned slack, in terms of
average inpatient bed occupancy and the coeffiehtariability for the inpatient bed occupation.

Appendix Q presents a complete list of the simafatesults for the inpatient bed occupancy.

Cyclic master surgical schedule versus cyclic blockchedule

Since the simulation model does not allow a contimnaof cyclic master surgical scheduling and the
guantile method, we have to use a planned sladkgewation to comment on the effect of master
surgical scheduling. We choose the ‘planned slackifiguration Old_Block_PS(0.5), since the

confidence intervals for this configuration aresast to the null configuration. We translate trexhl

schedule from the historical data of 2008 to aicyalock schedule. In order to evaluate the

performance of the cyclic MSS with planned slacld(@MSS_PS(0.5)), we compare the results of
the MSS to the results of a cyclic block schedutla wlanned slack (Old_cMSS_PS(0.5)).

Table 21 95%confidence intervals for the performance measuresf simulated configurations for OR utilization:
Cyclic MSS versus cyclic Block schedule (scenarig.1

Configuration Nr. of Throughput Nr. Of Average net Overtime Avg. OT per
repli- (avg. nr. of | OR-days | OR utilization (oT) OR-day with
cations | patients per [95% conf. probability OT (min.)
OR-day) interval] [95% conf. [95% conf.
interval] interval]
10. | Old_cBlock_PS(0.5) 17 7.2 533 0.800 0.266 31.2
[0.799, 0.801] | [0.256, 0.275] | [28.2, 34.1]
11. | Old_cMSS_PS(0.5) 18 7.1 533 0.803 0.268 28.1
[0.801, 0.805] | [0.257,0.278] | [25.2, 30.9]
Confidence intervAlof the differencea( = 0.05): [-0.005, [-0.020, [-0.075,
(Old_cBlock_PS(0.50) — Old_cMSS_PS(d.5) -0.001] 0.006] 3.762]

* Confidence interval of difference between confitjores using Welch procedure
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Table 21 shows the results of the simulation fax @R utilization performance indicators. The
difference between the average net utilizatiortfiercyclic MSS (Old_cMSS_PS(0.5)) and the cyclic
Block scheduled = 0.05) is statistically significant. Although the differee is small, the cyclic MSS

performs better than the cyclic block schedule. differences between the indicators for the ovestim
probability and the average overtime per OR-day fag overtime are too small to find a significant

difference between both configurations.

Table 22 Performance measures of simulated configutians for inpatient bed utilization: cyclic block schedule versus
cyclic MSS(average bed occupancy and standard deviation idelwlays with zero occupancy, such as weekends).

Configuration Average Inpatient Standard deviation of | Maximum bed Coefficient of
Bed occupation inpatient Bed occupancy variability
occupation
10. Old_cBlock_PS(0.5) 1.76 1.88 9 1.07
11. Old_cMSS_PS(0.5) 1.77 2.05 11 1.16

Table 22 shows the performance measures for ttadiémp bed occupancy. The cyclic master surgical
scheduling algorithm implemented in the simulationdel, does not reduce average inpatient bed
occupation or level inpatient bed occupancy. Itnekesults in a higher coefficient of variation. The
algorithm used in the simulation model uses lidtesiuling to assign slots to suitable OR-days.
Although the list scheduling rules offer the planaemethod to give priority to certain objectives
(such as shortest due date first, or longest sydjenation first), the algorithm does not optim2&
utilization or level bed capacity. In order to impe OR utilization, we schedule longest expected
surgery duration first. Additionally, we choose 8bdit” to select the OR in which the surgery is
planned. This causes similar surgery types to hedided on the same OR-days. Although blocks of
similar types of surgery make the bed occupanciebptedictable, the coefficient of variation foet
inpatient bed occupancy deteriorates. Neverthe&s) without efficiency gains, the master surgical
scheduling approach provides benefits to both persloand patients. The possibility of scheduling
patients in predetermined slots facilitates arcefit planning process. Additionally, the methodylo
provides a framework for the direct scheduling afignts. A condition that has to be met before a
master surgical schedule can be successfully ingiéed is that it takes (specialty specific)
restrictions into account, such as a prescribedesarp of surgeries. Uniformly clustered surgengsyp

help respecting these restrictions.

6.8.2 Oldenzaal scenario 2: realization of EBC in Olderada
The second scenario, we evaluate is the realizafiam EBC in Oldenzaal. The increased capacity in
Oldenzaal results in a shift in the case mix. Stheeobjective is to fill the OR programs in Oldaak

as efficiently as possible, a part of the electimee mix shifts from Enschede to Oldenzaal.
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Oldenzaal

Table 23 95% confidence intervals for the simulatioroutput for the cyclic block scheduling approach ad the cyclic
master surgical scheduling approach for Oldenzaal(Scenario 2008 (10/11) versus Scenario EBC (12/13)

Configuration # # Average # OR-days | Average | Overtime Avg. OT
runs | elective | Throughput net OR (OT) per OR-
patients (patients utilization | probability day with
per OR- OT (min.)

day)
10. | Old_cBlock_PS(0.5) 17 3829 7.2 533 [0.799, [0.2586, [28.2,
0.801] 0.275] 34.1]
11. | Old_cMSS_PS(0.5) 18 3798 7.1 533 [0.801, [0.257, [25.2,
0.805] 0.278] 30.9]
1 Old_cBlock_PS(0.5)_N 13 6440 7.2 897 [0.819, [0.249, [30.5,
0.822] 0.259] 35.7]
N Old_cMSS_PS(0.5)_ N 17 7043 75 936 | [0.820, [0.253, [30.2,
0.823] 0.283] 36.7]

Table 23 shows that the shift in case mix signifttaincreases OR utilization for location Oldenzaa
Both for the ‘standard’ block scheduling approa€hd( cBlock_PS(0.5)_N) and the cyclic MSS
approach (Old_cMSS_PS(0.5)_N), the confidencevatsrfor the OR utilization are higher than for
the scenario’s based on historical data from 20DB_(cBlock_PS(0.5) and Old_cMSS_PS(0.5)).
Table 24 shows that the master surgical schedalppyoach has a lower coefficient of variation for
the bed capacity of the surgical ward. This caeX@ained by the fact that the OR capacity increase
in the EBC. The increase in OR capacity leads toer@R blocks that can be interchanged in order to

level bed utilization of the wards.

Table 24 Performance measures of simulated configutians for inpatient bed utilization for location Oldenzaal,
scenario 2: EBC(measures include days with zero occupancy, suckwvaskends).

Configuration Average Inpatient Standard deviation Maximum bed Coefficient of
Bed occupation of inpatient Bed occupancy variability
occupation
10. | Old_cBlock_PS(0.5) N 4.42 5.58 17 1.26
11. | Old_cMSS_PS(0.5) N 5.97 4.94 20 0.83
Enschede

The shift in case mix has a positive effect on QiRzation in Oldenzaal. Table 25, however, present
the drawbacks of this decision. The average net @iRzation for Ens Block AS(.70)_N is

significantly lower than the OR utilization for Emlock_AS(.70). Since the more predictable
surgeries are performed in Oldenzaal, Enschededoefficiency. The differences between overtime

probability and average overtime per OR-day withrtwne do not significantly differ.
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Table 25 95% Confidence intervals for the simulatioroutput for location Enschede (scenario 1: situatio2008,
scenario 2: EBC Oldenzaal)

Configuration # # elective Average # OR-days | Average | Overtime Avg. OT
run | (emergency | Throughpu net OR (OT) per OR-
S ) patients t (patients utilizatio | probabilit day with
per OR- n y OT (min.)
day)
14 | Ens_Block_AS(.70) | 9 10714 4.4 2739 [0.793, | [0.314, [52.6,
(1286) 0.796] 0.331] 58.6]
15 | Ens_Block_AS(.70)_| 9 7980 4.4 1902 [0.769, [0.293, [65.7,
N (1278) 0.773] 0.316] 61.5]

MST

By combining the performance measures for locatddenzaal and Enschede, we determine the
logistical performance for the entire hospital. Boenario 1, we combine Old_cMSS PS(0.5) and
Ens_Block_AS(.70). For scenario 2 we combine OIdSE&VPS(0.5) N and Ens_Block_AS(.70)_N.

Table 26 95% Confidence intervals for the performane measures of simulated configurations for OR utiliation:
Cyclic MSS versus cyclic Block schedule (scenarig.1

Scenario # elective | Throughput Nr. Of Average net Overtime Avg. OT per
(emergency)| (avg. nr. of | OR-days OR (OT) OR-day with
patients patients per utilization probability OT (min.)
OR-day)
1. | Historical data 2008 14512 4.4 3272 [0.782, [0.235, [37.4,
(df=18) (1286) 0.81] 0.393] 66.4]
2. | EBC Oldenzaal 15023 5.3 2838 [0.768, [0.215, [36.1,
(df=18) (1278) 0.804] 0.377] 83.6]

Table 26 shows that there is no statistical evidesfca difference between the logistical perforneanc
of scenario 1 and scenario 2. The benefit for iooaDldenzaal is cancelled out by the efficiencsslo

for location Enschede.

6.8.3

For evaluating the effect the tactical block schedhas on the bed occupancy in the wards, we @se th

Changing tactical block schedule Enschede

analytical model presented by VanBerkel et al.(32009 order to comment on the difference in bed
occupancy between scenario 1 (current) and sceBafiealization of EBC), we compare the bed
occupancy distributions for both scenarios. Theegmonding block plan that is used for the session
distribution in Enschede can be found in AppendixFigure 23 shows how the bed occupation
fluctuates throughout the week. We see that weekeadse down peaks in the bed occupancy, which

ultimately leads to up-peaks during the week. Tedgomance indicator we use is the coefficient of
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variability of the 95% quantile value for the numiwedé occupied beds in a ward. The results for the

current case mix in Enschede can be found in FigBrand Table 27.
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Figure 23 95% Quantile value for the number of cliical surgical patients per day in the surgical ward (current case
mix) Number of clinical patients in ward x = {minx : P(X < x) > 0.95}.

Table 27 Coefficient of variation for the 95% quantle value for the number of patients in the surgicalvards.

CV current case mix CV new case mix CV new case mix + swaps
General surgery 0.11 0.06 0.06
Gynecology 0.16 0.27 0.22
Orthopedic surgery 0.10 0.09 0.09
Neuro surgery 0.16 0.13 0.13
Plastic surgery 0.19 0.15 0.15
ENT surgery 0.68 0.57 0.57
Urology 0.28 0.26 0.27
Jaw surgery 0.40 0.51 0.51

Besides the coefficient of variation for the bedwmancy for the current scenario, Table 27 also the
results for the scenario 2, the new case mix. @bktshows that the changes in the case mix have a
positive influence on the coefficient of varialyilitor the ward occupation. Table 27 and Figure 24
show lower fluctuations for most specialties. Than be explained by the overcapacity, due to a
shifting part of the case mix to Oldenzaal. Not@Rs have to be fully scheduled all days of thekwee
This enables us to move blocks forward in the wedkich has a positive effect on the variation.
During weekends, surgical wards face an outflowatfents. This means that in the beginning of the
week, the surgical wards are least occupied. Imgeof leveled bed occupancy, it is preferred to
increase the inflow of patients in the beginningha week, to compensate for the outflow during the
weekend. Therefore, for the bed occupancy levél@kurgical wards, it is preferred to have more OR
capacity available in the beginning of the weeke Tdasibility of such a solution however depends on
the capacity restrictions of supporting departmestsch as the recovery room, or the central
sterilization department. Peak demand for resourcdgge beginning of the week might cause conflicts

or lead to an increase in stock levels to bufferufacertainty.
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Figure 24 95% Quantile value for the number of climcal surgical patients per day in the surgical ward (new case
mix) Number of clinical patients in ward x = {minx : P(X < x) > 0.95}.

Although the number of patients that receive syrgerEnschede decreases as a result of moving
smaller better predictable surgeries to OldenZiglre 24 shows that the actual ward occupatioh wit
respect to clinical patients does not decrease,santetimes even increases. This is the result of

moving outpatients to Oldenzaal, which results mgher number of inpatients in Enschede.

6.9 Conclusion

The difference between scheduling surgeries usipgaed durations plus an amount of planned slack
and scheduling appointment slots using quantileesls negligible. However, both methods provide
planners with possibilities to choose input paranétat influence the risk and amount of overtime,

and the utilization of OR capacity.

Although with minimal difference, the cyclic masturgical schedule outperforms the cyclic block
schedule solutions in terms of OR utilization. Tdi#erence in overtime (probability) between the
cyclic MSS and cyclic block schedule do not difegnificantly. The cyclic MSS has a positive effect
on the bed occupancy level of the surgical wardgHe second scenario with an EBC in Oldenzaal.
Nevertheless, the MSS approach can result in atimegaffect on the bed occupancy when the
available OR capacity is limited. If this limite@djgacity prevents the tactical planner from comignin
surgery blocks that level each other’s bed occupant, a cyclic master surgical scheduling approach

can even result in a higher variation in bed ocaagpdhan a regular cyclic block schedule.

The realization of an elective treatment centeDlidenzaal, does not directly lead to higher efficie
gains for the entire organization. The number giatrents in the surgical wards in Enschede will
increase because of the changes in the case roneaing capacity in Oldenzaal makes it possibie fo
the tactical planners in Enschede to create a [dockdule that decreases variability of bed ocamypan
of surgical wards by increasing capacity in thetfitays of the week. Changing the tactical plan in
such a way does however create variability in resoulemand of supporting departments, which

cannot be ignored.
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7. Implementation issues

Chapter 8 describes the issues corresponding imflementation of the proposed solution.

7.1 Master Surgical Schedule

The cyclic Master Surgical Scheduling approach (\Gwstrum et al., 2008b) provides powerful
means to create a tactical plan in which the atiitn of scarce resources is taken into accourdg. Th
probability of resource conflicts that lead to agsion stops can thereby be reduced. However, a
number of threats can be identified that can p@thyiprevent the approach from being implemented

successfully (Table 28):

Table 28 Possible threats for implementing the MSSpmroach

Threat Description

» Reduction of access times | Several specialties are faced with reducing actiesss. Although this is a
positive development for the patient, it complisatke prediction of the

minimum demand for specific surgery types.

»  Surgeon specific waiting Currently each surgeon has its own waiting liste@alists are not keen on
lists forming one combined waiting list with their coltgges. The more specific
surgery types have to be categorized, the largepént of the case mix that

cannot be scheduled using predefined slots.

» Occurrence of reduction Reduction periods lead to variation in the availgbdf resource capacity.
periods This prevents cyclic schedules from being execypiegperly. Additionally,

seasonal effects on demand for specific surgergstygpmplicate defining

the minimum demand per period. These effects candéereased by

clustering surgery types.

e Possibility to make last Currently, specialists are able to make last moradptstments to their own

moment adjustments agendas since patient scheduling is postponed untd 2 weeks before
surgery. In case of a cyclic master surgical scleeduhere the types of
surgeries are defined, it gets harder for spetsatis trade OR blocks with
collegues that have (slightly) different speciati€specially when direct
scheduling is offered and patients are assignéith slots several weeks in
advance, it is important that surgeons’ schedutesat change after they

have been determined.

An important opportunity however, that also appetsmany specialists is the possibility of

scheduling patients the moment they have finishegr tpreoperative screening. This feature can
persuade surgeons to cooperate in defining apptepciusters of similar surgery types, determining
an indifferent case mix, and preventing surgeonsd&e last moment adjustments to either their own
agendas or the (sequence) of the OR program. kr sodmplement this approach, specialists have to

be involved and informed in both the creation of tlmaster schedule, as well as the execution.
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Involving specialists in the change process shapag of the responsibility of a successful
implementation and subsequently decreases the lglitypaf ‘mutiny’. Since specialists are both
involved in delivering the case mix as well as eximg the program, they have the power to make or
break the methodology.

In order to facilitate direct scheduling of patnthe admission office or a counter of the adrorssi
office has to be located near the POS in Enschedeell as the POS in Oldenzaal. Additionally, in
order to guarantee direct patient scheduling foltiple specialties, adding patients to a specialty’
program can no longer be performed by personnektt@usively schedules one specific specialty. To
be able to prevent impractical sequences, experteroployees have to be involved in creating or
evaluating the master schedule and setting up gladelines for scheduling patients for their speci

specialty.

7.2 Planned slack versus quantile method

In order to be able to use expected surgery duratamd planned slack instead of appointments slots
calculated by a specified quantile value, change® o be made to the current OR planning system
(ORSuite). The supplier of ORSuite has a large distsoftware improvements that need to be
integrated in the system. Many of these improvembave a higher priority than the development of
the option to create OR programs using plannedskadditionally, the current forecasting method
using a specified quantile value has recently begmoved as a result of the data analysis conducted
during this research. Before drastically changitg tcode behind the planning system by
implementing the new methodology, both the suppbBsr well as the OR planning system
administrators want to evaluate the effects of ibes quantile settings and improved methodology

first.

In order to fully benefit from scheduling surgerisat fit together nicely using planned slack,
operational planners have to be familiarized witle toncept of variation. Tutoring operational
planners can help planners to evaluate the rigk@itime and combining the right type of surgenres
order to improve OR utilization. This enables plarsnto not only examine programs on the expected
duration, but also on the probability of runningoirovertime. However, in order to be able to make
the uncertainty of an OR program visible to therapenal planner, extensive (graphical) changes to

the OR planning software have to be made.

7.3  Shifting OR blocks

Changing the tactical plan by shifting blocks iml@r to improve the variability in ward utilization
seems a relatively easy and low budget opportunitynprove efficiency. Shifting OR blocks has
little impact on the way the business process gamized. Nevertheless, shifting OR blocks can only

be done in close collaboration with the specialtie®lved. Many specialties are not only involved
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with performing surgeries in MST, but also opefatether hospitals, or are bound by specific times
for outpatient clinic duties. Because of theseridiEpartmental and inter-organizational relations,
changing the tactical plan can lead to infeasiblet®ns. Therefore, before actually swapping and
shifting OR blocks the hard and soft restrictiomsrg specialty has with respect to a distributinig O

blocks have to be evaluated.

7.4 Conclusion

The implementation of the cyclic MSS approach waike a large amount of implementation issues.
Nevertheless, the possibility to reduce the nundfeesource conflicts and, even more importantly,
the possibility to facilitate direct scheduling ditients can have large benefits to both efficieasy
well as patient satisfaction. In overcoming implatation issues, close contact to both specialsts a
well as experienced planners is vital. The neddftom specialists is also present when implementin
changes in the tactical OR plan as a result froiftiredn OR blocks. The implementation of scheduling
using planned slack instead of appointment slgiedés on the willingness of the software suppter t
make adjustments to their planning package. Siheeforecasting algorithm within the software
package has recently been improved, the suppliesdittle priority to implementing such an invasiv

change in the way surgery durations are forecdsiad visualized).
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8. Conclusions and recommendations

This chapter states the conclusions and recomniendatVe start by repeating the objective of the
research as we presented in Chapter 1. After aimgyvehe research question, we provide

recommendations for further research.

8.1 Conclusions

The objective of this research was to present amtliate interventions that improve OR utilization,
reduce variability of bed occupancy in surgical dgand decrease the number of changes to the OR
program before the program is actually executedrtter to reach this objective, we evaluated these
interventions: adjust quantile values to increaBeulization, plan slack to cope with uncertaintge

a cyclic MSS (Van Oostrum et al., 2008b) for thecél/e treatment center in Oldenzaal, and evaluate
the expected ward occupancy that results from @smo) the tactical block schedule in Enschede

using an analytical model.

By using a lower quantile value to forecast surgduyations, OR utilization can be increased. This
however increases the probability and amount oftome. Whether to increase the net OR utilization
or to decrease the amount and risk of overtime ideeaision that has to be made by the OR
management. Prevented that the quantile methoppiged correctly and both methods are used with
the appropriate parameters, the quantile methadelisas the method of planning slack can influence
OR utilization and overtime probability similarlgince the simulation study did not show significant
benefits for using planned slack, and the quantg¢hod is currently incorporated in the OR planning
software, we propose not to change the method mecésting surgery durations. We do suggest

adjusting the quantile value to attain the prefktexel of OR utilization and overtime probability.

The cyclic master surgical scheduling approachrsffee possibility to take into account resource
demand during the formulation or adjustment of tdtical plan. After defining uniform groups of

surgery types and assigning these surgery typslst®in the OR program, an operational planner can
add a surgery to an empty and suitable slot the entiamn appropriate patient arrives. This enables th
planner to give the patient the date of surgergaly after they have visited POS. This makes the
scheduling process more efficient, while at the esdime patient satisfaction improves. Since it is
possible to evaluate a program before patientsaligtarrive, the reliability of the OR program

increases, thereby decreasing the number of chatogéise OR program before execution. The
cyclicity of the cyclic MSS approach prevents ibrfr being used in environments where there are
fluctuations in the availability of resources atutfuations in demand. The focus on low complexity,
low variation, and high volume surgeries in theegle treatment center in Oldenzaal makes the cycli

MSS more suitable for OR planning of location Olrkea.
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For location Enschede, the current cyclic MSS issnitable. Instead, we propose an analytical model
that enables the tactical planner to determineeffect a certain tactical block schedule has on the
ward occupation. The realization of the electiatment center in Oldenzaal changes the case mix
for both locations. This offers the possibility &llocate OR capacity in Enschede such that the

variability in bed occupancy of surgical wards #igantly decreases.

The suggested interventions offer tools to incrédReutilization, evaluate and level bed utilizatioi
surgical wards, and decrease the risk of distudmrduring operational planning, which lead to

changes in the OR program.

8.2 Further research

An important step in actually generating a cycli@ster surgical schedule that enables direct
scheduling is an accurate definition of uniformugye of surgery types. Further research is requred

the medical and logistical characteristics thaeduine if surgeries can be scheduled in the sante sl

The analytical model used for evaluating ward oerwuy based on a tactical block schedule
(Vanberkel et al., 2009) does not have the abibtymprove the block schedule. The Excel based
model currently used, takes too much computatieffalt to include local search heuristics. Further
research is required on optimizing the model, sashcalculating incremental changes instead of
recalculating the entire probability distribution ly programming the model in faster programming

languages.

The current algorithm behind the cyclic MSS in #imulation model does not optimize the MSS on
resource availability. In order to integrate suah agorithm into the simulation model, further

research is required.

The cyclic MSS approach presented by Van Oostrud®8RB) assumes that OR capacity remains
constant throughout the year and assumes demarsdifgery types is distributed uniformly over the
year. During holiday periods, however, MST tempityadecreases capacity. Additionally, MST
performs specific types of surgeries that showassffects in the surgery demand. These reduction
periods and seasonal effects prevent using thécdyt$S approach in Enschede. A possible starting
point for improving the cyclic MSS approach to dedth reduction periods is to first scale up the
annual number of required slots, and then divide rthmber of required slots over the number of
periods. Next, by reducing the number of slotshia teduction periods, the nhumber of slots can be
matched to the actual demand. However, the problgimthis approach is that it assumes that during
reduction periods, capacity is being reduced evdahng the planning cycles. In reality, OR capacit

is reduced by discarding entire OR sessions, tlgecelmpromising the cyclicity of the schedule.
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Further research is required to adjust the modéktable to take into account reduction periods and

(seasonal) fluctuations in demand.

Another possibility for making the cyclic MSS sthita for both locations is to avoid the use of
reduction periods. If reduction periods are disedratapacity can be divided uniformly over the year
This not only enables the use of a cyclic MSS, also decreases variability in demand for
(supporting) resources, such as bed utilizatioowards. To be able to abandon the principle of
reduction periods a number of conditions have tonle¢ demand during holiday periods should be
sufficient to actually fill the OR programs, anctl have to be sufficient human resources to kpep u
capacity during holiday periods. To investigate thike discarding reduction periods is a realistic

option, and how this should be organized, furtksearch is required.

We expect that redesigning the business proceb® gilanning function and its supporting IT systems
will lead to large efficiency improvements. Thissearch describes the current organization of the
planning function. It can be used as a startingntpwi redesigning the process in order to create a
process that is closer to its key functionalitygremses transparency between departments, select IT

that supports the business process, and reducrithieer of unnecessary administrative actions.
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List of abbreviations

512 OR assistant on duty (carrying pager 512)

BPR Business Process Redesign

CHOIR Centre for Healthcare Operations Improvenagit Research

cv Coefficient of variation

DBC Diagnosis-treatment-combination (in Dutch: “Gi@se Behandel Combinatie”)
EBC Elective Treatment Center (in Dutch: “ElectBsfhandel Centrum”)
ENT Ear-Nose-Throat

ER Emergency room

GP General practitioner

ICU Intensive Care unit

JUS Annual Working hours method (in Dutch: JaamJsgstematiek)

KPI Key performance indicator

LOS Length of stay

LTHP Long term accommodation plan (Dutch: langenigr huisvestingsplan)
MSS Master Surgical Schedule

MST Medisch Spectrum Twente

OR Operating room

PACU Post anesthetic care unit

POS Preoperative screening (department)

RVE Result responsible unit (in Dutch: “Resultaar&htwoordelijke Eenheid”)
UumcC University Medical Center

WLRS Waiting list registration system
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