Proceedings of the 2018 Winter Simulation Confezenc
M. Rabe, A.A. Juan, N. Mustafee, A. Skoogh, S, dathB. Johansson, eds.

A HYBRID DISCRETE EVENT AGENT BASED OVERDUE PREGNANCY OUTPATIENT
CLINIC SIMULATION MODEL

Joe Vian Tone Breines Simons
Fredrik A. Dah

Centre for Connected C: HealthServices Research Cer
Oslo University Hospiti Akershus University Hospit
Kirkeveien 16! Sykehusveien 2
Oslo, 0450, NORWA' Larenskog, 1478, NORWA
Kari Flo

Department of Obstetrics and Gynecol
Akershus University Hospit
Sykehusveie 25
Lgrenskog, 1478, NORWA

ABSTRACT

This paper provides an overview of a hybrid, discevent simulation (DES) agent based model (ABM),
simulation model of the overdue pregnancy outpatédinic at the Obstetrics department of Akershus
University Hospital, Norway. The model is being é®ped in collaboration with clinic staff. The
purpose of the model is to better plan resourcap &affing) to improve patient flow at the ouipat
clinic given the uncertainty associated with demadrite uncertainty is due to an increase in the size
the hospital’'s catchment area, changes to overtegnancy guidelines in Norway and that women can
give birth before their appointments. The ABM modemponent represents the human parts of the
system, the women and the clinic staff. The DES pmmment represents the outpatient clinic’s physical
location and processes/pathways that operate withiine technicalities of the model are presertedg
with some illustrative results.

1 INTRODUCTION

This paper present a hybrid simulation model of averdue outpatient clinic at Akershus University
Hospital, Norway (AHUS). Overdue pregnancy outgdticlinics are challenging to plan for due to the
probability of women not requiring their appointnteras they have given birth, physiological and
psychological differences between mothers, changdieigographics due to immigration patterns, and
population growth, and policies and protocols aisdéed with this group. The Health Services Research
Unit (HOKH), the data acquisition group, part of thnalysis department and the obstetrics departatent
AHUS have collaborated to develop simulation amdistical analysis tools, to analyze patient flovd a
resource utilization and to plan for future chanigedemand and operating procedures.

The paper is structured as follows. Section 2 plesi additional information about overdue
pregnancies. Section 3 provides a concise exptanafithe technical aspects of the model, how tia d
was collected and incorporated into the model, whyybrid approach was adopted and how the model
was developed and validated. Section 4 discussékistnative use of the model with three hypotbati
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experiments. Section 5 concludes the paper sumimgtize model, its strengths and weaknesses, @&nd th
development process which have been discussedytimatithe document.

2 OVERDUE PREGNANCY

2.1  Définition of an overdue pregnancy

Definition 1 A pregnancy is post term when the gestation peexckeds gestational week (GW) 42
(>294 days). (WHO 1977)

Definition 2 Post term pregnancy guidelines in Norway, recontdream additional clinical exam in GW
41, 7-9 days after term, including a clinical exaation, ultrasound and cardiotocography (CTG)
(Norwegian Society of Gynecology and Obstetrics4301

2.2  Overdueoutpatient clinic

Patient flow and resource utilization in the ouigt clinic are affected by staff and appointment
scheduling and women not requiring appointmentstdumrth. An overview of the process is providad i
the green boxes Figure 1.
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Figure 1: An overview of the overdue pregnancy atigmt clinic. The orange boxes with bold undedine
text summarize the diagnostic codes use to cldgsifyp the patients in the data extraction exercise

2.3 Demand

The demand for the overdue pregnancy clinic has@sed in recent years, illustrated in Figure 2ctvhi
shows the number of scheduled appointment anduh®ar of women who arrived per week from 2010
to 2017. The noticeable increase from 2011 is duntincrease in the size of the AHUS catchmera are
and changes to the overdue pregnancy guidelingslynof 2011 (The Norwegian Directorate of Health
2011). During this period the number of births has increased substantially, despite the chandben
size of the catchment area. The increase is diieetoew guidelines.
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Figure 2. Changes to demand over time (Births: 2@6@7, 2011=5135, 2012=5265, 2013=4665,
2014=5089, 2015=5051, 2016=4971, and 2017=4640)

3 MODEL DEVELOPMENT

The model was developed in AnyLogic (AnyLogic 2Q1&)d interfaces with R. The model runs over any
time horizon. Currently Monte Carlo runs of the rabdonsisting of batches of 50 runs are conducted.
This section provides an introduction to the keshtecal aspects of the model, including how theadat
was collected and incorporated into the model,asinplified overview of the model.

3.1 M odel Data Collection

We discussed with clinic staff: admin, midwives alwttors, the scope of the system, which is ilatett

in Figure 3. The simplified system illustrated cmrghe majority of the overdue outpatient clinic
appointments. To compliment the boundary settingr@ge, we discussed with staff and the hospital
administration the availability of data relatingdotpatient visits. The hospital has excellent datating

to inpatient visits, but less outpatient data istirely collected, with the exception of arrivaings and
whether the patient attended their appointmentthedoutcome of the appointment. We received data
relating to overdue appointments for the perioddD/R010 to 31/12/2017 from hospital information
systems (DIPS and PARTUS). We requested this peaduse of the increase in catchment area size in
2011 and the introduction of the new overdue poliigcussed in section 2. To model staff planning
effectively we required information relating to tkey processes that take place in the clinic duang
woman’s visit, as shown in Figure 3. The hospital kot have the resources to audit the clinic for a
prolonged period of time, so staff were asked twigle estimates. A program was developed in VBA to
elicit estimates from staff, see Figure 3 (Lea&let2007). From discussions with staff, they sedsthat
there was no seasonality with respect to the seriiimes. An R script was written to automate the
analysis process, import the staff estimates, suimenghe individual estimates, aggregate the estisna
for specific processes and to fit parametric distiions to the estimates. If a parametric distidsufitted

the data they were assigned to the relevant maskeibdition object. Otherwise empirical data is dise
create custom distributions using internal AnyLofginctionality. An example of the fitted data isogin
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in Figure 3. Data were collected from five doctasix midwives and five reception staff. They were
asked to base their estimates for the relevanegess in Figure 3 part 1, for the last 2 days.

1. Overdue outpatient patient flow. Estimates provided by: R = 2. Data estimate elicitation exercise
reception staff, M = midwives, D = doctors. The solid black lines
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not asked for in the estimates. Stilling: Helsesekretaer
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Figure 3: Model development. Part 1. Conceptualehdeart 2. Data estimation program (in Norwegian).
Part 3. Example of the estimates [blue = indivicegtimates, green = aggregate].

1 where appropriate

3.2  Simplified Model Overview

The model focuses on the overdue pregnancy outpatiic, but also incorporates other clinics whic
run in parallel to the overdue pregnancy clinic anthpete for resources, i.e. reception staff anitirga
area space. The other clinics relate to pregnamemoor postnatal women. The other outpatient dinic
are modeled in a simplified way, see Figure 3, fpakith boxes 2 and 3 removed. The simulation model
could be considered a hybrid DES ABM model (Djaeatet al. 2012; Eldabi et al. 2016), as the overdu
clinic is constructed as a DES model, and the womed various characteristics of the model are
modelled as agents. R is used to analyze the réavfidan hospital systems, prior to incorporatiotoin
the model, and to perform analysis on the raw sstirh output. A simplified technical illustratiori the
model is provided in Figure 4. The model is devebtbn AnyLogic which refers to everything as an
agent which may be confusing. The components iltsstl in Figure 4 include the main variables
(including types, e.g. double, int etc.) and fuoies (indicated with “()”). Sections 3.2.2 — 3.2Xpkain
briefly the components presented in Figure 4. Tloelehpresented in this paper is related to a pusvio
modelling study with the obstetrics department (i@t al. 2016).
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R INPUT - Raw data extracted from hospital information systems and through data estimation
Data analysed and and processed using R.
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R OUTPUT - S y results are p d in AnyLogic, but raw data is exported for further posthoc analysis
Data analysed and and processed using R.

Figure 4: A simplified presentation of the inteatégbnship between model components
3.2.1 Typeof hybrid model and main data exchanged between ABM and DES

The DES outpatient clinic model and the populattbmvomen agents who use the clinic which are both
located in the main environment. The interactiorss iustrated in Figure 4. Distributions represegt
the process durations, patient pathways, and aliaied demographic characteristics of the womeregto
in the main environment are sampled each time aoiapnent is generated for a woman. The woman
level characteristics determine the route the wotakes through the clinic, who she sees, and hag lo
it takes. The women interact with each other bypeting for clinic resources. If one were classifythe
model it could be considered as a pragmaticallykedoABM DES model (Eldabi et al 2016). The
women have been modelled as agents to allow fulleseelopment and provide a base for future
expansion of the model. One could argue that thmewin this model are simply entities in a DES
model, or that the model itself is a hierarchic&®model.

3.2.2 Input
The input component was introduced in section Bata relating to arrival patterns from hospital

information systems were extracted by the data isitiqun group and manually by Tone Breines
Simonsen. Any identifiable information is removednh the extracted data for data protection reasons.
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3.2.3 Main
The main component is the core “agent” in an Anyitamntext of the model, acting as the environment
that all the other agents are placed in. It costdlire outpatient clinic DES model logic, includitige
clinic visualization which is used to validate tmeodel with clinic staff, and result collection
functionality. The clinic DES model which is locdt the main environment is presented Figure 5.
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Figure 5: DES clinic component of the “Main” enviraent. Visualization and results are excluded.

The DES model is based on the conceptual mode¢pied in Figure 3. The agents that interact with
the clinic model are of type Woman (section 3.213)e model can currently use three different atriva
mechanisms:

1. Deterministic - based on historical arrival patsgrn

2. Partly stochastic - variation around the historigaival times, or additional demand generated
based on historical arrival patterns,

3. Completely stochastic - not based on historicavalrpatterns.

Overdue women and other clinic women are genelatéoe “Women generation” part of the DES;
all overdue women are created at the beginningrabdel run, and are moved to the “Overdue women
home” part of the DES. Each woman is assigned omeooe Appointment (section 3.2.4) agent, which is
used to schedule her arrival time in the DES clinadel. The other women who attend the otheradini
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are generated randomly based on a Poisson aratterp with a specified rate, which can vary oumet
We use the partly stochastic arrival method of getitey additional overdue clinic demand following
historical arrival patterns. In order to achievés tive create a population of OtherAppointments agen
(section 3.2.5) to represent each day for whiclineease demand.

When an overdue woman or an other clinic woman esegpted, they are assigned various
characteristics and methods, including an appointResult agent to collect results about each cliisit
(section 3.2.6). When a woman arrives for her appunt she enters the “All Clinics — Check in/out”
part of the clinic DES. This represents the chetland check out processes, which are conducted by
shared reception staff resources, and the allotafidhe clinic capacities and waiting resourcesnv&n
can only arrive when the clinics are open, andstireedule is shown in Table 1.

Table 1: Selected Main level parameters, includingc times

Shared Overdueclinic Other clinics

Mon Tue Wed Thu Fri Mon Tue Wed Thu Fri Mon Tue d&Ve Thu Fri
Arrival rate/h Based on historical demand 25 25 25 25 25
Waiting/people
Room 10 10 10 10 10
Corridor 10 10 10 10 10
Resour ces (No.)
Admin staff 2 2 2 2 2
Doctors 2 1 2 2 2 9 9 9 9 g
Midwives 2 2 2 2 2
Midwife beds 3
Opening times
Lists start 08:00 08:00 08:00 08:00 08:00
Lists end 10:30 10:30 10:30 09:30 10:30

After check in the overdue and other women areebtiv the “Overdue Clinic — Midwife” or the
“Other Clinics” part of the model, respectively. &other clinic women go through a simple
representation of the other clinic where the entisét is condensed into a single sampled lengtktay.
Upon completion of their consultation the othenicliwomen return to the “All Clinics — Check in/but
part of the model to check out and exit the model.

The overdue outpatient clinic women go through detailed midwife processes, which reflect the
stages indicated in Figure 3. A woman is set ug imidwife bed and connected to a CTG machine by an
available midwife. The midwife may need to stayhwihe woman, or may be able to set up, check on,
release or set up another woman in another midwete The midwife then checks back in on the woman
a number of times, estimates for the number of kheeere provided by midwives, until the woman’s
scan is complete. The midwife then releases the amprwho can proceed to the “Overdue Clinic —
Doctor” part of the model.

When a doctor is free, they will call the womanfan their consultation. Upon completion of their
consultation the woman returns to the “All CliniesCheck infout” part of the model to check out.
Depending on the woman’s characteristics, she reayr to the “Overdue women home” or to the
“Maternity Ward”, if she is referred for induction.

The DES model periodically collects utilization ués (section 3.2.7) for all model resources: staff
waiting areas, rooms and equipment each defineel step (15 minutes). The time step can be adjusted,
but setting it too low, will affect the models exéion time.
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3.24 Woman

The Woman agent, see Figure 4, represents all wamhenvisit the overdue pregnancy clinic and the
other clinics, represented in the Main agent (sac8.2.2). The agent contains parameters and amnti
relevant for decision making in the model. Each waonhas a non-empty population of Appointments
(section 3.2.4), and a population of Visits (set®o2.6) equal to the number of appointments.

The agent contains parameters that relate to ¥y including service times (e.g. time to cheéck
time with midwife, consultation time etc.), the nioben of checks and routing parameters, that cottteol
movement of the agent through the DES clinic madedpecified points. The service times, number of
checks and routing parameters are updated whepatiient arrives at the clinic. Their distributioae
defined in the Main agent.

3.2.5 Appointment

Appointment agents (class) see Figure 4, are usgdrterate events that are pre-planned and schedule
according to historical data. Each Woman (sectidh3} in the deterministic and partly stochastic
variants of the model contains a population of Appoents. The Appointment agent consists of the
patient’s ID, the appointment date/time, and fldgd indicate whether the patient made the app@&ntm

or not, they were a new patient or a returningegpétithey gave birth before there appointment, and
whether they were induced after the appointmentifaiiis induction was planned. If the model isrgi
driven entirely or partly by historical data, thiwe appointments are generated for each patieirtgtire
model startup. If the model is run in the entirgchastic setting, then appointments are not used.

3.2.6 Other Appointment

The OtherAppointment agent population (a collectadnclass OtherAppointments), see Figure 4, is
located in the Main agent (section 3.2.2) and donstlunctionality to generate additional demandebas
on the historical appointment data imported inte thodel through R. This agent allows the user to
specify the days and periods (start and end tithes)the additional demand arrives over. The anlukidi
demand can vary day by day e.g. 20% higher on fpeaays, and 100% higher on others. There are
two options for generating this demand, randomlgrdtie specified period, or weighted by the histri
arrival pattern (“scheduled”). This agent then gates additional women, each consisting of one
appointment and routing parameters that will reisuftingle visits to the clinic, to compete for oasces
with the historical demand and the other clinic veom

3.2.7 AppointmentResult

Each woman (section 3.2.3) contains a populatioAmfointmentResult agents (a collection of class
AppointmentResults); see Figure 4, correspondinthéonumber of visits (appointments) to the clinic.
This agent records activity (e.g. check in, CTGuggtconsultation etc.) waiting and process tinaesl
the total length of stay of their visit. Additionédr overdue women the number of CTG checks is
collected.

3.2.8 Utilisation

The Utilisation agent (class), see Figure 4, idas the Main agent (section 3.2.2) and is resptanfor
collecting utilization results for each resourcettie DES model every defined number of model time
units (time step). It records, the runNo, for npl#iruns of the model, the time stamp, the numlber o
doctors, then the utilization of the following resces, over the defined time step: reception staffiidor
waiting area, waiting room, midwives, doctors (dmggregate utilization of the overdue clinic doctors
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F@D1, FBD2, @HJ, and ExtraDoctor), OtherDoctor (kieer clinics resource), Room 026 and Room039
(the rooms where the midwife beds are located), AfterClose, which is a resource used to sweep
through the model to clear any women that remagr #fie normal opening hours.

3.2.9 Output

A new Utilisation agent (instance of class utiliea} is created and added to a collection of Uil
agents each time step. At the end of the modelardunction is called to iterate through theseithtion
agents and to populate model datasets and histeg@produce the appropriate utilization graphsr ove
time and histograms for visualization purposes.

Every time a woman completes an appointment, whéthee an overdue or an other clinic woman,
her appointmentResult is added to a correspondifigction of appointmentResult agents. Like the
Utilisation agent collection discussed previouslyfunction is called at the end of a model runtéoaite
through these collections to update histogramscitea with the wait and service times for eactcpss
and the total length of stay.

The process described above is used to updatetiofie during the Monte Carlo experimental runs.
At the end of each of the 50 runs, the resultcalilated and the raw data is written out as tdesfio be
analyzed in R.

3.210 Model validation

Arrival patterns replicated historical demand. L#ngf stay (Los) information is not collected fdret
clinic, so the model is validated against LoS estes provided by the midwives. The LoS results
depicted later in Figure 8 were judged by clin&ffsas being accurate. Extreme value testing wegeda
out with respect to arrivals and resources andrthéel visualization was used to validate the model.

4 ILLUSTRATIVE EXPERIMENTS

This section presents a very simple use case ofrtbeel over the period from 19.06.2017 to
05.08.2017. The four scenarios presented in Takdee2to give the reader an idea of what the mcaiel
be used to assess. Figure 6 illustrates the appeiritprofile during the modelling period. The foafs
this paper is the technical aspects of the mod&hat the results per se.

Table 2: Illlustrative scenarios

Scenario Description
Base The status quo. Historical data. Originahedes from clinic staff
S1-Demand 100% increase in the arrivals of Owvedlinic patients. Based on Figure 6.

S2 — Midwife | Increase the number of midwives from2
S3 - Both S1+S2

The outpatient clinic in this example operates naasts between 08:00 and 10:30. There is no warm
period as the clinics start from empty each dapénillustrative experiments.
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Frequency

JDun 19 Jun 26 Jul 3 Jul 10 Jul 17 Jul 24 Jul 31
2017

Date
missed attended

Figure 6: Appointment profile (x-axis = days of theek. y-axis = number of appointments).

41 Results

The scenarios were evaluated using Monte Carlo ofitke model (consisting of 50 runs). The model
collects many detailed results that were mentidnesctions 3.2.6 and 3.2.7. We present selectadtse
with respect to the four scenarios. All resultdemibd can be presented over time in addition ézifipd
points; individual run results can also be presgnte

Figure 7 presents the average utilization for:rdeeption staff, the waiting room, the midwives and
the overdue clinic doctors. The x-axis correspotmighe scenarios and the y-axis to the average
utilization over the seven week model time horizéhe reception staff are not affected by any of the
scenarios, with the utilization remaining fairlynstant. The doubling of the overdue women arriyaly
has the most noticeable influence on the utilizatibthe selected resources. Also as expected gddtin
additional midwife (S2) reduces the midwife utilibem. Combining scenarios S1 and S2 (S3) reduced th
utilization of midwives, but this additional midwifcoupled with the increased demand, led to araser
in the doctor utilization. It should be noted tlia¢se results are the average over the modellirigdhe
and that during the period at multiple points reses are utilized 100%. Also what is not shown here
how often clinics overrun. This functionality wbke added to the model.
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Figure 7: Selected resource utilization resultserages from Monte Carlo experiments (50 runs).
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Figure 8 provides selected average durations dtal tength of stay, time spent checking in and out
time spent with midwife and time spent with doctétl of the times presented in Figure 8 include
waiting time and service time. It shows that ithe total time spent with the midwife that drivée t
increase in length of stay in S1 and S3. The tinpatéent spends checking in and out is hardly &ffibc
by the scenarios, as the overdue patients makeraptan of the demand for the reception stafbrese.

The doctors cannot see an overdue patient in tbeasios presented here until the patient has gone
through the midwife processes. The midwives ada asiffer/bottleneck, shielding the doctors from the
increase in demand.
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w
&
a8
Check infout total time (minutes)
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Base S1 - Demand S2 - Midwife S3 - Both Base S1 - Demand S2 - Midwife S3 - Both
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h Base S1-Demand 52 - Midwife §3 - Both 8 Base 51 - Demand 52 - Midwife 53 - Both

Figure 8: Selected duration results. Averages fkibonte Carlo experiments (50 runs) for thefor the 7
week modelling period.

5 CONCLUSION

This paper provides a technical overview of a ttylmnodel of an overdue pregnancy outpatient climia i
large Norwegian hospital. A DES model of the oufpat clinic is linked with agent based
representations, of women, and crude agent basedksts to collect results and drive the model. The
model interfaces with R to receive input data andxport to R for post hoc analysis, and to beyaeal

in a perhaps better suited environment followingkeyy principle of modelling, including hybrid
modelling, using the appropriate tool or repres@mtao do the job.
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