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Abstract

The process at the emergency department is contplexy patient that arrives at the
emergency department comes unexpectedly and fohouvsque and changeable trajectory of
care events. It is very difficult to analyze angnove such a complex process. One way of
understanding and improving the process of the gemeyy department without actually
changing the real life system is simulation. Irstldésearch simulation was used to design
scenarios with help of theory and practice. Froacfice we designed scenarios who support
the redesign of the process at the emergency degatrin Amsterdam. Scenarios designed
through meetings with working staff are implemenitgd an excisting simulation model of
the emergency department of Amsterdam. At the eamesgdepartment in Amsterdam a new
working method will be introduced consisting ofiage-nurse. The purpose of this new
method is to improve the patient flow and thuséase patient satisfaction through the
reduction of length of stay. Simulation can suppleetintroduction of this new method.
Simulating a triage nurse who can initiate diregigementary diagnostics showed really
promising results. There was an reduce in lengtayf of 25%. Furthermore with help of

the theories ‘Lean Thinking’ and ‘Factory Physissenarios were developed to better
understand the process and validate the excistimgation model. ‘Factory Physics’ states
variability is a great cause of waiting times. Aearcher investigated if scheduling arrivals in
an emergency department would be beneficial [RodenuR005]. It is interesting to see the
influence of the variability of the arrival proceasd if further research in that area is
worthwhile. Furthermore the model will be validatadlooking at the radiology time. Former
research of the laboratory times showed it madéiffierence if a better suited distribution
was programmed [te Poele, 2005]. We investigateddtiology time and looked what kind
of influence changing the distribution has on #mgth of stay.

The scenarios designed with help of theory implied variability in the arrivals is a great
cause of waiting times and a triangular or gamrsg&itiution appears not to be necessary
when reproducing ED process times in a simulatiodeh assumptions of the average
laboratory or radiology time seem to be accurategf@mming large adjustments in an
existing simulation model appeared difficult armdéiconsuming.
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Introduction

The Emergency Department (ED) is a departmentptiteatides initial treatment to patients
with a broad variety of ilinesses and injuries, safiwhich can be life-threatening and
require immediate attention. Many hospital EDsawercrowded and short-staffed, with a
limited capacity to treat patienfBerlet, Richards, & Kravitz, 2001]. It is increagly hard

for EDs and their staff to provide the necessavgllef care for medical patients [Stefan,
2006]. Because healthcare demands are increagrgithan enlarged pressure to control
expenses, interest grows to find out whether heaféhorganisations, including EDs, apply
their organisational resources in the most effectiray [Spaite et al., 2002].

A research project is carried out at the AMC taumdthe length of stay of patients. It
involves a redesign of the process at the ED fluenAMC. By work staff meetings a new
method was created to make better use of orgammedtiesources. This new method consists
of a triage nurse who can initiate direct suppletagndiagnostics. A triage-nurse assess a
patient upon arrival in the ED and assigning ta fadient a level of priority for care based on
the seriousnes of their condition. To redesigmptiteeess at the ED organizational process
changes must be carried out. Organizational prademsges in the emergency department are
very difficult, you can’t just test a new idea besa regular care has to continue [Rosmulder,
2005]. The AMC strives to evidence based manageri@etchoice of a new method must be
based on proven effectiveness. Simulation is attife tool to analyze process changes
without actually changing the real life system. Gliation is the process of designing a model
of a system and conducting experiments with thideh@or the purpose either of
understanding the behaviour of the system or diuatiag various strategies for the operation
of the systeniShannon, 1986]. A researcher created a simulatiotel to describe the

current process at the emergency department frerAMIC [van Schuppen, 2006]. With this
simulation model it is possible to estimate thégrenance of the emergency department. But
not only were scenarios designed to support thearek project at the AMC, scenarios were
also designed with help of theories. ‘Factory Ptg/sstates variability is a great cause of
waiting times. A researcher demonstrated that arc&Dsucceed in scheduling part of its
unpredictable and variable patient demand. [RosenuRDO05]. This implicates the variability
of the arrivals is a cause of waiting times. linieresting to see the influence of the
variability of the arrival process and if schedglitcean be used as a tool for using resources
more efficiently.Furthermore the model will be wted by looking at the radiology time.
Former research of the laboratory times showedatmeerly used triangular distribution was
indeed a misrepresentation of the laboratory tiliegamma distribution appeared to be a
much better representation [te Poele, 2005]. Howtaeedifference in length of stay(LOS)
was lower then expected. This research focusetelaboratory times, it interesting to see
what effects can be expected and measured withgoiwthe radiology times.

One objective of this research is to provide eviggnased management for redesigning the
process at the ED. Scenarios were designed acgaihe new method. By implementing
these scenarios in an existing simulation modelefffect on length of stay can be tested.
Furthermore scenarios will be designed with help tifeoretical framework. With the help of
a theoretical framework we will test scenarios aochpare theory with reality and see if
theory is applicable in the emergency departmemt .udé the theories 'Factory Physics' and
‘Lean Thinking'. Factory Physics is used to expthebehavior of the system.

This study answers the following research questions
* What promising scenarios can we formulate with leélfheories and real life cases?
* What conclusions can be drawn if we compare thelsition outcomes of the
promising scenarios in relation to what we expeeted
* To what extent does the simulation model accomnaotifese new scenarios?
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Methods

Description of the ED

Academic Medical Centre

The Academic Medical Centre(AMC) is an aggregatibthe "Binnengasthuis" and the
"Wilhelmina Hospital" and the faculty of medicinétbe University of Amsterdam. In 1983
the facultative laboratories and research insstatame under one roof with the new formed
academic hospital. Five years later "the Emma diilspital” was also welcomed. With the
AMC-child department incorporated, it now has beeacomplete academically pediatric
centre. The facultative laboratories and researstitutes of the AMC are stationed next to
the academic hospital and the faculty of medicioenfthe University of Amsterdam, this
involves the Dutch institute for brain researcte, thedical department of the royal institute
for the tropics and the inter university Eye Canrgtitute. These institutes of expertise make
the AMC more then just an academic hospital. Aa@demic hospital the AMC provides
education for future physicians. Students of tloailtgt of medicine are trained to become a
physician. Characteristic for the AMC is the bradigr of specialties. Amongst the specialty
departments are: anesthesiology, cardiology, syrdermatology, internal medicine, ear
nose and throat sicknesses, child surgery, petiatting sicknesses, mouth sicknesses and
jaw surgery, neurology, neurosurgery, ophthalmolagthopaedics, plastic surgery,
psychiatry, radiotherapy, rehabilitation, rheum#ilg, urology, obstetrics and gynaecology.
[van Schuppen, 2006][website AMC]

Number of beds: 1.002

Medical Staff: 6.524

Number of patients treated at the outpatient clinic 348.859 patients
Number of daytreatments: 28.599 patients
Hospilizations: 25.514 patients
Average hospitalization time: 8,3 days

Figure 1 Basic Statistic of the AMC for 2005 [weabsAMC]

Emergency Department

The Emergency Department(ED) at the Academic Médieatre(AMC) is open 24 hours a
day. Patients arrive at emergency departmentsamtain ways: by emergency ambulance or
walk in arrival. There are two different patienbgps; referred and self referred patients.
Referred patients are referred to the ED by a gépeactitioner. Referred patients also
consist of people with an illness under treatméat specialist, who come for an acute
situation in the ED. If patients are having acutabfems with their disease they contact their
general practitioner. The general practitioner aor#t the treating specialist and tells the
patient to come to the ED. The specialist then egtitact the reception of the ED the patient
is coming. The referred patients are seen by ERBesuand residents of ten different
specialties. For referred patients ten big treatmmoms are available.

Self referred patients are patients who come t&Rmunexpectedly and unannounced. These
patients often have had accidents at home, at aodkiring sports. A self referred patient has
to check in at the reception and if the receptidsibusy he has to stay in the waiting room.
Self referred patients are seen by one ED-nurs@a@dED-doctor. Four cubicles are
available for self referred patients. In generéned patients are more ill then self referred
patients. The two patient groups have their owougss (nhurses, doctors, rooms), but they
share some external resources like radiology dmatédory.
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In 2005 the ED in Amsterdam treated approximat8Q0® patients. About 80% of them
were self referred patients and 20% referred pigtien

Besides referred and self referred patients, tisesa important other group of patients:
critical care patients. Critical care patients @adents in life threatening situations. Most
often these patients are serious accident victirasrfia). Given their situation and need for
fast treatment these patients go directly to tfeufha room’-department.

If a critical care patient is picked up by an analmgle, ambulance paramedics notify the
hospital beforehand that they are transportingrarséy-ill patient (on a special ‘trauma
phone’). Then the ED will give the necessary spestsaa trauma sign and two ED-nurses of
the self referred patients will go to special trauwmoms so they will be ready when the
patient arrives. When the critical care patientvag they are rushed to the ‘trauma room’-
department, where they are met by a team of sp&siaind ED-nurses who have the
expertise to deal with the patients conditionsti€ai care patients represent about 2% of the
number of patients that are seen by the ED duriygpa. The capacity for the self referred
patients will decrease because two nurses havesist &n the special rooms. The capacity for
the self referred patients won't change.

Description of the simulation model

Simulation is an effective tool for the analysighit kind of complex system. The result can
be used to enhance the ED-operations to providerlsztre. [Lopez Valcarez and Perez,
1994] A researcher already programmed a simulatiodel of the ED of the AMC described
above.[van Schuppen, 2006] This model is a desonigtf the current situation at the ED
department of the AMC for self referred patientse $ollected data from doctors, nurses and
of her own observations to understand and destitdsystem lay out and operating
procedures. With help of different sources the rhpdeameters and input probability were
defined.

The program used for modeling the ED was EM-plamtiscrete event simulation tool.
Discrete-event simulation concerns modeling ofsiesy as it evolves over time by a
representation in which the state variables chamgjantaneously at separate points in time.
In my research the system is the Emergency Depattim¢he AMC. The state variables are
patients, doctors and nurses. State variables ehagtpuse the tasks and action of patients,
nurses and doctors change, for example collectipatiant from the waiting room, perform
anamnesis, send a patient to radiology etc. Irelis@vent simulation, the operation of a
system is represented as a chronological sequémsiats. Each event occurs at a certain
point in time and may change a state in the systanevent is every task or action a patient
or doctor/nurse is performing. As the system isaayie, it is constantly changing, and
because it is stochastic, there is an elementnoforaness in the system.[Law and Kelton,
2000]

The model describes the process of the self refgraéient. The two types of self referred
patients in the model are: walk in arrivals and alabce arrivals. There are 8 patient profiles.
In the table below the different profiles are exmdal.
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. patients requirement of supplementary| transferred to percentage of
Profile i i
entrance diagnostics after treatment occurrence

1 Ambulance Supplementary needed Specialist 2%
2 Ambulance Supplementary needed Departure 2%
3 Ambulance No supplementary needed Departurg 2%
4 Ambulance No supplementary needed Specialist 0,1%
5 Walk-in Supplementary needed Specialist 16%
6 Walk-in Supplementary needed Departure 15%
7 Walk-in No supplementary needed Departure 60%
8 Walk-in No supplementary needed Specialist 3%

Table 1 explanation of the different patient pesil

In the model one ED-doctor and one ED-nurse argadd@. The model starts when the
patient enters the ED (at the security guard aarbipulance) and ends when the patient
leaves the ED (exit the hospital or is transfetoed specialist). The lay out of the model is
from the ED in the AMC (figure) and cannot be cheshglhe model shows the paths that the
nurse, doctor and patients follow when they areingpv

- - = ]

¥

The black line shows the different paths of theguas. First the patients arrive at the security
guard. Then the patients register themselves aeteption. When the patients have
registered themselves they wait in the waiting raonil the ED-nurse collect them. The
patients are collected in order of arrival, ambuoépatients get preferential treatment. In the
model four cubicles are available. In every cubare patient can be treated at a time.

There isn’'t one route the patient follows. A patiean be seen by the ED-doctor or ED-nurse
multiple times. This depends on the treatment #iept needs. The treatment of every
patient differs. In figure 3 a simple version dffglient paths from patients are shown.
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If we look at the theory from Pinedo and Shao(1988)emergency department can be seen
as a job shop. In a job shop the jobs (patientg) vigt a given machine (doctor or nurse)
several times. In the figure 4 you see there &laop from the ED-doctor to the ED-nurse.

Scheduling a job shop is very difficult. In the hekapter we will introduce theories which

will help to understand the ED.

Cubicle 1},

Cubicle 2

| 4

»

Cubicle 3

Cubicle 4

Figure 4 Relations of four parallel waiting quewath the ED-doctor and ED-nurse

In case an ambulance patient arrives and the frhicles are occupied the patient will be
treated in the hallway. If a patient needs an xthaypatient leaves the department and goes
to the radiology department and the nurse will telradiology department that a patient is
coming. In case a patient needs other supplemediagyostics, for example laboratory
research of blood and urine, the patient will vimithe cubicle. Some patients need
supplementary diagnostics, some patients are eef@md the other patients are leaving the
ED. Another researcher investigated the laborgtongess and validated the model by
introducing a gamma distribution in stead of artgialar distribution for the laboratory time.
This distribution was a better representation afity

To show the difference in outcome of several altgve system configurations performance
measures were selected. With help of these perfarenmeasures we can analyze the
outcome of the several scenarios which we will nhode

In my research | will only use these performancasuees:

Length of stay at the ED

The time between registration at the receptionkwahrrival) or arrival at the ED
(ambulance arrival) and the time a patient is disenl from the ED. We want to reduce the
length of stay. So we hope that the outcome willoeeer then the current situation.

Average occupation percentage

The occupation rate is calculated for: nurse(sjtatés), cubicle(s) and buffer.
[van Schuppen, 2006]

pecialis]
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Theories

To improve the length of stay in the emergency depent we will use theories from Factory
Physics and Lean Thinking. We have to analyze mergency department and with help of
this analysis improve the length of stay. The tlesotean Thinking’ and ‘Factory Physics’
are instruments to describe the process at thegemey department and show what part of
the process can be improved. These theories cardprimportant assistance in performing a
simulation study. They help interpreting resultd anderstanding the behaviour of the
system of the emergency department [Standridge}]200

Lean Thinking

Lean Thinking started with Toyota and was develdpetlvomack, Jones and Roos [1990]. It
tries to provide what the customer wants, quickfficiently and with little waste. The term
lean derives from the fact that Japanese busineisoos use less of everything, from human
effort and capital to facilities, inventories amaé. Lean Thinking is a manufacturing tool

that focuses on adding value from a patients pwimtew and removing waste from
processes/workflows. Womack and Jones (1996) desfivie key principles to achieve Lean
Thinking:

- Value, first value must be specified. Value océyn be defined by the patient, and it is only
meaningful when expressed in terms of the medaraice.

- Value stream, the value stream must be identifibg value stream identifies all those steps
required to provide medical care to patients. Eweyp that is necessary to create value for
the patient, waste must be eliminated.

- Flow, make the value creating steps flow. Wheasthsteps are introduced the length of stay
will reduce.

- Pull, the patient must pull the service, offenvgees the patient wants, in stead of the patient
being pushed through the service, often unwanted.

- Perfection, to achieve perfection means constaothsidering what is being

done and how it is being done and have the expaatid knowledge of all those

involved in the processes to improve and chang@/iwmack and Jones, 2003] Industrial lean
projects have achieved remarkable results. [Lindbbaursen et al., 2003]

And the hope is that applying Lean Thinking on tireahre may bring reductions in waiting
times, free up cubicles and as a result improvepiasatisfaction.

[Lindgaard Laursen et al., 2003] If we look at #pplication of Lean Thinking in health care,
it consists of minimizing or eliminating: delay peated encounters, errors and inappropriate
procedures. [Young et al., 2004] In other wordsimizing activities that don’t create value
for the patient. Lean Thinking wants to organize phocess as a continuous flow. An ideal
situation would be if the patient comes to the B doesn’t have to wait before he receives
treatment but receives treatment immediately amdtemtly without waiting. Lean Thinking

let us show the unnecessary actions that creataloe and are avoidable for patients.
[Womack & Jones, 2003] [Rosmulder, 2005]

Factory Physics

"Factory Physics is a systematic description ofuth@erlying behavior of manufacturing
systems". If you understand the system you cartifgepportunities to improve the system.
Each manufacturing environment is unique. So netyeprocedure works well in every
condition. In an emergency department the arrifgltients is very variable. You cannot
schedule the arrival of self referred patients f&ufig of variability can be done in three
ways: inventory, capacity or time. Since invent@not applicable on the ED we have to
look at time (length of stay) and capacity. Thegtarof stay is described by Little's law:

Little’s law: TH= WIP/CT
- Throughput(TH): in this process this is the agerautput of patients per hour who leave the
ED or are transferred to a specialist.
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- Work In Process(WIP): the amount of patients Wwhace present in the process. From the
start of the process (when walk-in arrivals aravéhe security guard or ambulance patients
arrivals arrive at the department) to the end effifocess (when patients are dismissed or
transferred to a specialist).

- Cycle Time(CT): Average time from when a jobé$eased into a station or line to when it
exits. The patient is released in the process wliepatient arrives at the security guard or an
ambulance patient is brought in. The patient exiien they are dismissed or transferred to a
specialist.

The raw process time(T0) of a line is the sum otpss times of each work station. In the
emergency department we can define the raw praoiceesas the average time it takes a
patient to get registered, receive treatment amekl¢he department without having to wait
behind other patients. In other words there is adimg time in the raw process time. The
bottleneck rate of a line is the rate of the wakieh having the highest utilization. For the
emergency department the bottleneck rate constieditilization of the equipment.

An optimal WIP level will be achieved if there are waiting times and the equipment is
utilized as much as possible. If there are no waitimes, cycle time will be minimal; it
consists of all the necessary actions that habe tone to complete the job (raw process
time TO). Maximum utilization of the equipment ocsif throughput is maximum and equals
the bottleneck rate rb. The following relation ¢éxistween these parametatdd=rb * TQ.

An optimal WIP almost never occurs, often the WiR\lbove or below WO0. Below or at WO
the cycle time is at a constant level (T0). Above,\tthe equipment is occupied and preceding
jobs have to wait. The cycle time will keep inciegs

Variability

From a system the real process time (te) is osiyall part of the total cycle time. Waiting
times (CTq) are a big part of the total cycle time.

In formula: CT= CTqg+ te

To explain waiting times (CTq) | will use this fouta:

. . c2+c’ u
Kingman’s (or VUT) equationCT, =| —*—_— Ki

2 1-u
\_W_—J ;V__J

\V; U
This formula doesn't apply in every process, bigtfibrmula offers valuable insight into more
complex and real systems. [Hopp & Spearman, 20883 formula suggests that there are
two factors causing queuing time: variability v autdization u, te is the effective process
time. Variability involves the so-called coeffictenf variance (CV), which consists of caz and
ce2. The Emergency department deals with highlyediptable and variable patient
demands.[Rosmulder et al., 1995] ca? representgittigbility of the arrival process. The
arrival of patients at the ED is very uncertaindwese you will never know when someone
will get injured and comes to an ED. Thereforeisdfard to influence. A solution to buffer
this kind of variability is a sufficient capacity handle the peaks. The effective process time
of the cubicle is the total time of a patient ioubicle. This is not only the time the patient
receives treatment from the ED-doctor or ED-nungealso the time the patient has to wait
until the doctor is available or results of suppdetary diagnostics are ready. ce? is the
variability of the effective process time. If wencgeduce ce?, the CTq of the cubicle will
reduce and the cubicle will be available earlierdiner patients. If variability is higher,
waiting times at the ED will be higher. So if went#o reduce the waiting times we will have
to reduce the variability.

—{o

10
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Utilization

The second factor that could cause queuing timélization. Utilization is the fraction of
time a workstation is busy over the long run. Highidlization leads to longer waiting times.
[Hopp & Spearman, 2000] In cubicle occupation atED utilisation is an important factor.
While a patient is waiting for the results of sugpkntary diagnostics the patient stays in the
cubicle assigned to him. Physicians can’t stadtinent because the results aren’t ready yet.
The cubicle stays occupied and queuing can ocdheagmergency department.

Utilization has the most dramatic effect on waittimges. The reason is that the VUT
equation has a 1-u term in the denominator. Agatibn approaches one, cycle time
approaches infinity. Cycle time is very sensitivautilization. If variability is higher and
utilization approaches one, cycle time will sooblew up.

[N U S 5

Average CT
O W NI O=—NIW RN 100D
I D D I I O B O O B

0 02 0.4 0.6 0.8 1.0
Utilization

Figure 5 Relation between cycle time and utilizatio

11
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Scenarios

The scenarios are defined by using the findingsfneeetings with working staff from the

ED and with help of theories that are related torel@sing the length of stay. At the meetings
with working staff the current process of the EDAimsterdam was analyzed. This involved
aspects of the current situation that could be awpd. An ED-doctor and an ED-nurse came
with several ideas how to improve the processeaElh and improve the cooperation
between the working staff. The result is a new wayknethod which will be described
below (scenario 3, 4 and 5). Scenarios 1 and Aesgned with help of theories.

Before we perform a simulation we have to spedifydystem configurations of interest to
analyze the different scenarios. These configunatemnsist of a warm up period, the length
of each run and the number of independent simulatias. If you perform a simulation the
system starts with no patients and no tasks. Thediriving patients will be treated faster
than patients that arrive later on. This periodaled the warm up period and should be
deleted. The warm up period is determined by uaikgelch procedure. A warm up period of
5 days was determined. When measuring the sevemahsgos we simulate ten replications of
a period of 60 days at the EDan Schuppen, 2006]

Scenario 1: A constant arrival of patients

The variability of the arrival of patients is onktlee main reasons of waiting times. Research
was conducted to investigate scheduling arrivalniemergency Department. Research
showed scheduling patients would reduce the vditiabf the arrivals of patients and as a
result reduce the length of stay [Rosmulder eR805]. It is interesting to investigate the
effect of a constant arrival of patients on thegtarof stay. The variability of the arrival of
patients will be zero as an effect the length ay sthould reduce. As mentioned before the
arrival rate (?) of patients is a very variable process; thiseésause you will never know
when a patient comes to the ED. As said in therthebFactory Physics, variability(v) is a
cause of queuing/waiting times(CTq).

. . c2+c’ u
Kingman’s (or VUT) equationCT, = (i,
2 1-u r

V] U

2
(o) : .
Cé= 2a where ta? represents the mean of the inter ariiv@ls andsa? represents the
a

standard deviation of these times. Because there v&riancesa?=0, thus

ta
If we model a constant arrival of patients, theiilve no variability in the coefficient of
variance of the arrival ratesc0). A constant arrival of patients means patientwing at a
constant time. According to the theory of Factonys$ics, the waiting times should reduce
because the variability of the arrival processi®zWe can measure the effects by
calculating & and & from the VUT equation. If we calculate @and & in the current
situation, &= 1,31 and €= 0,48. & is calculated by putting al inter arrival timesgasured
and calculated by a former researcher[van Schu@ig], in SPSS and determine the mean
and standard deviation of these times with degeestatistics. After this procedure the
standard deviation was divided by the mean.
ce is calculated by putting all the length of stayshe different patients in SPSS and
determine the mean and standard deviation of tiirass with descriptive statistics. After this
procedure the standard deviation was divided byrtaan.

12
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If we fill these figures in the variability(v) paof the VUT equation:

=0,90

+
For the current situationés 1,31 and €= 0,45 > (1317048)

. . . 0+ 048
If we model a constant arrivake 0 and & will remain the same T =0,24

According to the theory of Factory Physics the afaitity for the current situation is 0,90 and
the variability for the constant arrival is 0,24ig means an improvement of 73% if we
program a constant arrival of patients. In the $aton model we will set the arrival time
between two patients by looking at the average amofupatients visiting the ED during a
day. By dividing the amount of patients by 24/honesknow the inter arrival time between
two patients. In the model on average 68 peopleeaeiach day. This means an inter arrival
time of 21 minutes.

» The arrival of patients was programmed with twdrihstions. | replaced these
distributions with a constant time. So the inteivat time would remain constant.

Scenario 2: A constant radiology time

Former research was done looking at the distributicthe laboratory time. In the original
model a triangular distribution was used. Afteleig@sh a gamma distribution was a better
representation of reality. The coefficient of vada of the gamma distribution was higher
then the coefficient of variance of the triangudatribution used in the original model.[te
Poele, 2006] According to the theory of Factory $itsythe LOS for patients with
supplementary diagnostics should increase. Aftangimg the simulation model the results
showed that it did not make much of a differendeer€ was a little increase in LOS but not
as much as expected.[te Poele, 2006] With this kedye we will set the radiology time at a

constant level. The variability of the effectiveopess time is given by:

2
e

g, . .
ce?=—-. In this formula te? represents the mean of tioegss times anee? represents the

e
standard deviation of these times. Because there \griance in process tinse?=0, thus ce?

0
= - =0.

te
With a constant time level, the CV of the effectprecessing of sample time (ce?=0) will be
0 and according to the theory of Factory Physiedi@S should decrease.

* The radiology time was programmed with a gammailigion. | replaced this gamma
distribution with the average radiology time.

Scenario 3: Introducing a triage-nurse who will gtdirectly with supplementary
diagnostics if needed.

In January 2007 the AMC wants to introduce a tHagese. During meetings with working
staff from the ED this method was designed. A pathe working staff at the AMC believes
the current situation at the ED in Amsterdam iti/d most efficient working method. They
said the cooperation between the ED-nurse and Eilbdoan be improved and the process
of putting supplementary diagnostics in motion tadkt of time. This is because in the
current situation only the ED-doctor can ask fggpdementary diagnostics. The ED-doctor
isn't always available, so the patient has to watil the ED-doctor is ready. During the
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meetings these points were discussed. The roline &D-doctor and ED-nurse were
analyzed. We discussed how the cooperation bettireelBD-doctor and EDO-nurse could be
improved and thought of a better way to providepteipentary diagnostics to patients. This
resulted in a new method which consists of intratyia triage nurse. Triage consist of
assessing the patient upon arrival in the ED asigjaisig to that patient a level of priority for
care based on the seriousness of their conditienj@p et al., 2002]. In the new method the
triage-nurse doesn't only assign the patient tvallof priority but also initiates
supplementary diagnostics if needed.

In the new method the patient comes to the ED abhdcsibes himself. Before the patient is
seen by a doctor he will first be examined by tiege-nurse. If the patient needs
supplementary diagnostics, the patient will recaiwpplementary diagnostics immediately
and waits in the waiting room until the results egady. The patient directly will receive
treatment so flow is initiated at the entrance. patent is more pulled through the system.
He doesn’t have to wait until he will be treateuthis scenario the patient will receive
immediate treatment by the triage-nurse and ipiteent needs supplementary diagnostics he
doesn’t have to wait in his cubicle until the résalre ready like in the old situation. The
patient will only enter a cubicle when the resoltshe supplementary diagnostics are ready,
SO unnecessary waiting time is avoided. The prdoesés more like a continuous flow
according to Lean Thinking. According to Lean Thirgkthe new method will reduce the
length of stay and improve patient satisfactiore BD offers what the patient wants;
immediate care without unnecessary waiting.

An advantage of introducing a triage-nurse is p&i@are seen as soon as they arrive, their
needs for treatment are assessed. The new methgdamic in the way that if the doctor or
nurse doesn't have a task they should look foskattado and they should guide patients
through a continuing process. In the new methoddles of the ED-nurse and ED-doctor

will change. The responsibility of the ED-nurselwhange, because the ED-nurse is working
under supervision of the ED-doctor. The resporigioitill change and the work load will be
more. The ED-nurse has to perform fast track ansk imeip the triage-nurse if necessary. The
role of the ED-doctor will change into the roleménaging care. The triage-nurse is an extra
nurse in comparison to the current situation. Tlaeesfour characteristics that describe the
new method:

- Action, if a patient needs treatment (after reegiton) it should be started immediately and
the patient shouldn't go to the waiting room fitkit is clear a patient needs to be submitted,
a room should be arranged for the patient.

- Dynamic, the nursing staff should help each gtespecially if they don't have a task. An
example is the ED-nurse helping the triage-nurgidsfbusy. This will increase flexibility of
the ED.

- The ED-doctor and ED-nurse are complementary; io¢h got their own tasks. With
performing these tasks they should help and congi¢each other. An experiment showed
that the ED-nurse and ED-doctor couldn’t work costgly parallel.

- Organize the most common cases and build a saéttfipr unusual cases. There can be an
inaccuracy in the decision process. But the safetys the ED-doctor who will see the
patient and correct inaccuracies if necessary. M that most patients will profit from the
presence of a triage-nurse, so it will beneficialthe whole department.

» First | extended the reception time with the exation time of the triage-nurse. At the
reception it is decided what kind of supplementiiagnostics the patients need. Then the
patients go to the waiting room, patients who reguplementary diagnostics go to a sub
waiting room. The patient who needs supplementegrobstics waits in the sub waiting
room until the results of the supplementary diagossire ready. If the results are ready
the patients will go to the actual waiting room dhnel nurse can collect the patients.
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Scenario 4: Urgent categories

After the patient is examined by the triage-nursepatient will receive an urgent category.
There will be three categories: U1, U2 and U3. &Jthe most urgent category and this patient
has to be seen in 15 minutes. U2 is less urgenhasido be seen in 30 minutes. U3 is not
urgent and has to be seen in 1 hour. This wilhieepatients who will go home after they saw
the ED-doctor. If a patient is really urgent he iadiately will go to the cubicle after triage.
Ambulance patients who arrive at the ED will bensiorted to a cubicle after the ambulance
forms are delivered. The ED-nurse will perform dirsupplementary diagnostics if needed.

Scenario 5: General practitioner

In the future the ED in the AMC will cooperate wibneral practitioners. Because of the
‘spoed post’ (general practitioners) near the Eere will be fewer patients at the ED. The
general practitioners will stay at the AMC from Q@ until 23:00. If a patient with a minor
injury comes to the ED between 17:00 and 23:00p#ient will be referred to a general
practitioner. The patient will first be seen by thiage-nurse. Patient profile 7 is the group of
patients who will be referred to the general ptaxter. In the model patient profile 7 will
leave the system between 17:00 and 23:00 afterdteegeen by the triage-nurse. We will see
what kind of effect this change will have on thedth of stay of other patients.

* The reception time was extended with the examindtioe of the triage-nurse. Between
17:00 and 23:00 patient profile 7 won't go the imgitoom, but he will go directly to the
exit.

Scenario 6: Combining scenario 3, 4 and 5

By combining scenarios 4, 5 and 6 we will see viiradl of effect these changes will have on
the process at the emergency department at the AM€goal is to reduce the length of stay.
These scenarios are developed by experts fromelaeaind experts with knowledge about
the used theories.
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Results

Scenario 1: A constant arrival of patients

For the constant arrival we used a constant imterahtime. We compared the outcome data
concerning the length of stay with the outcome détae current situation. Per profile the
length of stay looks as follows:

Current Constant Tatal

) . . : Percentage

sttuation arrival improvement .

ooty Gy ) it o etn ent
Prefile 1 92 76 16 18%
Profile 2 102 85 17 17%
Profile 3 36 27 G 26%
Prefile 4 2o 21 7 25%a
Profile 5 135 50 55 41%
Profile 6 144 ol 57 39%
Profile 7 80 31 49 61%
Prefile 8 74 26 45 £5%
Total 99 50 45 49 8%

*Time is presented in minutes

The total scores of all tables are weighted avexafye can be seen a constant arrival of
patients has the biggest effect on walk in arrivélalk in arrivals have almost the same LOS
as ambulance patients. Since there is no variabilithe arrival of patients the LOS
decreases as the theory of Factory Physics predithe total improvement is close to 50%.
A one sided T-test with a 95% confidence intervalveed there is a significant difference
between the current situation and the constantaecause the value 0 doesn’t occur in the
confidence interval. A constant arrival is betwd&muand 51 minutes better then the current
situation.

Scenario 2: A constant radiology time

For the constant radiology time we used 15 minates32 seconds. This is the average of the
gamma distribution which was used in the origimagation model. We entered a constant
radiology time in the simulation model and we compahe output data concerning the
length of stay with the output of the model witle slamma radiology distribution. After the
simulation runs we get the following data for sefierred patients.

Constant Tamma

radiclogy time  distnbution AT

Profile 1 94 92 2
Profile 2 105 102 3
Drofile 3 40 36 4
Profile 4 32 28 4
Profile 5 135 135 0
Profile & 146 144 2
Profile 7 81 a0 1
Profile 8 75 74 1

Toatal 100 99 1

*Time is presented in minutes
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There is almost no difference between a constalilagy time and the gamma distribution.
This is almost the same result as we saw whemgétte laboratory time at a constant level.
A two paired T-test with a 95% confidence interstabwed there is also no significant
difference between the gamma distribution and tmstant radiology time because the value
0 occurs in the confidence interval.

Scenario 3: Introducing a triage-nurse who will gtdirectly with supplementary
diagnostics if needed.

We will compare the data from the scenario whereéinteoduced a triage-nurse who will
start direct with supplementary diagnostics if rezBavith the data from the current situation.
When the implementation of the more difficult sagos (scenario 4, 6 and 7) in the
simulation model were finished the simulation maoaldly would run for about 30 days. A
valid measure consists of 600 days. In order tiohstie a valid measure | runned the
scenarios 20 times and calculated the averagemetadich is published in the table below.

Direct

Current Total Percentage

o supplementary . .

sttuation : ' it ovetn ent g ovetn ent

diagnostics
Profile 1 92 87 5 S0
Profile 2 102 98 3 2%
Profile 3 26 28 -2 4%
Profile 4 28 27 1 4%
Profile 5 135 102 33 25%
Profile & 144 104 40 28%
Profile 7 al 59 2l 26%
Profile 8 74 53 21 29%
Total 99 Rl 25 25%

*Time is presented in minutes

We also examined the influence of direct suppleargrdiagnostics on the occupation rate of
the cubicles.

Current Direct
Situation supplemer_mtary Improvement
diagnostics
Cubicle 5 66% 51% 23%
Cubicle 6 54% 35% 35%
Cubicle 7 49% 26% 47%
Cubicle 8 60% 43% 28%

The average improvement in occupation rate is 38%can also calculate the expected
decrease according to ‘Factory Physics’, in formWi@=CT*TH. Because the throughput is
the same, the same amount of patients is treatixe isame amount of days. WIP will
decrease with the same amount as the decreaseSnTl@s is thus 25%.
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The scenario of a triage-nurse consists of a seE@rdurse who performs triage on a
patient. In the current situation only one ED-nusspresent in the system. To get a good
comparison of the real profit in length of stay wi# compare the scenario of ‘a triage-nurse
who will start directly with supplementary diagriostif needed' with the scenario of the
current situation with two ED-nurses. The resulesf@resented in the table below.

Direct
Total Percentage
Twro nurses supplementary .
. . improvement  unprovermnent
diagnostics
Proefile 1 G2 87 3 %
Profile 2 97 98 -1 -1%%
Profile 3 34 38 4 -8%
Prefile 4 30 27 3 9%
Profile 5 123 102 21 1%
Profile & 129 104 25 15%
Profile 7 &6 59 7 10%
Prefile 8 & 53 11 15%
Tatal 85 76 12 12%

*Time is presented in minutes

A one sided T-test with a 95% confidence interbvavged there is a significant difference
between the current situation with two nurses aadisg direct supplementary diagnostics
because the value 0 doesn’t occur in the confidanieeval. Direct supplementary
diagnostics is between 11 and 13 minutes betterttieecurrent situation with two nurses.

Scenario 4: Urgent categories

It appeared too difficult to program this scenamiohe simulation model. It was stated
beforehand that large adjustment would be diffitmiprogram and time consuming [van
Schuppen, 2006][te Poele, 2006]. The model was rhgdmother researcher which has
developed the model in her way. When adjustingrtbdel programming was really difficult,
often fixing one error led to another error. Beeapsogramming errors were really difficult |
asked an expert of the program EMplant to helpamild move on with programming the
adjustments. The expert told me he found it diffibmwork with this model too. He couldn’t
help me finish the scenario. Another problem wasiéasure the results. It was too difficult
to change the output categories. In the currenteinib@ output consist of the length of stays
of the different patient profiles. If you programgant categories you are interested in the
length of stays of the different urgent categoridss appeared too difficult to program.

For building a simulation model with urgent catégstyou should first program the different
urgent categories. After programming the urgerggaries, the different patient profiles
could be implemented.

Scenario 5: General Practitioner

In my calculations of the total values | didn't gaiatient profile 7. This is because in the
simulation model between 17:00 and 23:00 profileakies the system after only been seen by
a triage-nurse. In reality the patient then godféogeneral practitioner. So the times
presented for profile 7 doesn't include the tim&eyd profile spends at the general
practitioner. It must be stated that the timespfatient profile 7 only show the length of stay

at the ED.
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Current Feneral Total Percentage

situation  Practiboner improvement improvernent
Profile 1 b2 85 7 %
Profile 2 102 a5 16 16%
Profile 3 36 42 4 -12%
Profile 4 28 33 -5 -159%%
Profile 5 135 105 30 22%
Profile 6 144 121 23 16%
Profile 7 a0 35 45 S56%
Profile 8 74 50 24 33%

Tatal Q9 62 37 37%

*Time is presented in minutes

Scenario 6: Scenarios 3 and 5 combined

To examine the effect of implementing a triage-awasd the general practitioner we
combined scenario 4 and 6. The patient also with@diately receive supplementary
diagnostics if needed. Again patient profile 7 acsiypws the length of stay at the emergency
department, it doesn’t show the time at the gerpradititioner.

Current  Scenarios Total Percentage
situation  combined  improvement improvement
Profile 1 92 79 13 14%
Profile 2 102 91 11 11%
Profile 3 36 35 1 2
Profile 4 28 29 -1 -1%
Profile 5 135 85 50 37%
Profile & 144 80 55 38%
Profile 7 80 32 48 60%
Profile 8 74 42 22 42%
Taotal 49 52 47 23%

*Time is presented in minutes

We also examined the influence of combining scesaiiand 6 the occupation rate of the
cubicles.

Cubicle Current Situation Scenano_s >and § Improvement
combined

Cubicle 5 66% 41% 38%

Cubicle 6 54% 18% 67%

Cubicle 7 49% 28% 43%

Cubicle 8 60% 12% 80%

We see a great improvement in occupation rate ifevapare the current situation with the
combined scenarios. The average decrease in caliBcdd%. We can also calculate the
expected decrease according to ‘Factory Physit$armula WIP= CT*TH. Now the
throughput isn’t the same because patient profilélibe transferred directly to the ‘spoed
post’ without having stayed in a cubicle.

After calculation according to Theory there is mmpiovement of 62%. In the calculations the
throughput consisted of the total amount of tregt@tbnts subtracted with the amount of
patients who were transferred to the ‘spoed post'.
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Discussion

This study has produced the following answers ¢aréisearch questiondhat promising
scenarios can we formulate with help of theoried geal life cases?

This research created several scenarios implemengedimulation model of an academic
centre in Amsterdam. The scenarios will help toehawbetter understanding of a complex
system and validate the current simulation modeé Jcenarios where designed with help
from theories and real life cases.

The theory of Factory Physics state that variabisita cause of waiting times and queuing.
The arrival of patients is highly unpredictable amagiable. The first scenario is to investigate
the influence of the variability of the arrivals tire length of stay. Factory Physics provides a
formula (VUT Equation) to calculate the influendalee arrivals on the length of stay. If we
calculate this influence according to the VUT-egurathere would be a reduction of 73% in
length of stay.

In former research, distributions were investigdatedee what kind of effect a better fitted
distribution would have on the length of stay.Histresearch we compared the average
radiology time with the gamma distribution of therent model. According the theory of
Factory Physics the variability of the radiologyné becomes zero. The variability will reduce
thus the length of stay will reduce too.

The AMC strives to evidence based management. fibiee of a new treatment must be
based on proven effectiveness. The following séesare designed to support a new
treatment. This treatment was designed with helpexdétings with working staff. The new
treatment consists of a triage nurse who will daect supplementary diagnostics if
necessary. This scenario was tested to measuedftioe on the length of stay. In the near
future general practitioners will come to the EDAimsterdam. Patients that don’t need to be
examined by the ED-doctor will be referred to gpoed post'. The patient first will be
examined by the triage-nurse, after triage theepatill go the general practitioner. If the
outcomes of these scenarios are positive, the m@savill support the implementation of this
new treatment at the ED in Amsterdam.

What conclusions can be drawn if we compare thalaiion outcomes of the promising

scenarios in relation to what we expected?

By simulating a constant arrival time, the lengtistay almost reduced with 50%. Because

the variability of the arrivals is zero, the lengthstay is closer to the effective process time.

The theory of Factory Physics indicated an impromenof 73%. If we look at the used part
2 + 2

c:+c
of the VUT equatior{%j to get a 50% reduction in length of stay, ce? &hbe equal

to ca2. This is because the VUT-equation is a géifi@ermula for several production
processes. It is not proven to be correct for aeifgency Department. The calculated 73%
appeared too large, but it was a good indicatiah $hmulating a constant arrival time would
reduce the length of stay.

The results of the scenario involving a constadialagy time showed that it does not make
much of a difference if you simulate a constantalagy time or a gamma distribution. The
difference in weighted average for all patient gatees was 1 minute and for patients
needing supplementary diagnostics also 1 minufBtést showed that there was no
significant difference between the gamma distrirutind the constant radiology time. If we
look at the current process; if the results ofghpplementary diagnostics are ready the
patient won't receive direct treatment. The ED-dootaybe busy with another patient or
doesn't know that the results are ready yet. Wttmes until the results are ready will
reduce, but the waiting times until the ED-doctdlt analyze the supplementary diagnostics
results and continue treatment won't really chaAgether reason can be that the program
randomly collects a value from the distributiond¢tesn’t take into account that patients have
to wait in line. The program just collects a valtgm the distribution. It is possible that
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patient one has to wait 30 minutes and patient(twa has to wait until patient one is ready)
waits 20 minutes. While in real life the waitingg for patient two should be higher then the
waiting time of patient one. Because there are aoynpatients ultimately the radiology time
will become the average value of the distribution.

The more difficult scenarios showed promising ressuih the simulation model we compared
two scenarios which consisted of adding an extrandi3e. In the new method this new ED-
nurse had a different role. The new ED-nurse vélfgrm triage. The other scenario
consisted of the current situation with one extarttirse. This resulted in an improvement in
length of stay of 12%.

The introduction of general practitioners to the iBEhe AMC resulted in an improvement of
37%. The length of stay of patient profile 7 or#presents the length of stay at the ED, the
total length of stay will be higher in reality thealculated by the simulation model. However
the length of stay of patient profile 7 will mo#tdly reduce to because of the general
practitioner coming to the ED.

These two scenarios combined resulted in an impnent of 53% on the length of stay of all
patients. This is a great result which can havesitipe effect on patient satisfaction.
Reducing waiting times is one of the key factorpatient satisfaction. Patient satisfaction is
a big issue in emergency departments [Bursch 1203]. Longer waits downgrade care,
shorter waits improve the result in better patiesponse to care. [Bloom and Fenderick,
1987] Another big improvement is the reductionha tubicle occupation rate. There is a
reduction of more then 50%. It can be statedpbkdbrming immediate supplementary
diagnostics and introducing a ‘spoed post'(gengrattitioners) at the AMC will reduce the
length of stay of the patient. The workload for BBetors and nurses will reduce because
patients will go to the ‘spoed post’ between 17a@d 23:00.

: Improvement in LOS compared
Scenarios o
to the current situation
Constant arrival 50%
Direct supplementary diagnostics 2504
General practitioner 37%
Scenarios combined 53%

The programming of the urgent categories appeadifficult. A disadvantage was you
couldn’t measure the outcomes of the different mrgategories. If you program such a
scenario it is interesting to see how long eaclenirgategory has to wait and if the goals you
set (for example U1 can only wait 30 minutes) camriet. To program this scenario a new
model must be designed, of course a lot of progriagitimes of the current simulation model
could be used.

To what extend does the simulation model accomradbdese new scenarios?

Implementing the scenarios also showed how eadiffault changing an existing

simulation model in EMplant is. When programming Htenarios several problems occurred.
Programming in a model produced by another reseaislvery complex and time
consuming. One of the most difficult aspects isiggtto know and understand the model.
The simulation model can only be changed if yow#dy&now how the model works.
Changing the supplementary diagnostics times wasg ® program. Changing the radiology
time took about one day. Programming a constaiviahmate was more difficult to program
but not really difficult. Programming a constant\aal took about one week. Programming
the other scenarios appeared to be very diffioudttame consuming. Programming large
process changes is very difficult. The simulatiorded is large and is not really well
adjustable to large process changes. The simulataatel consists of many programming
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lines and can be programmed more efficient. Prograug the more difficult scenarios took
about three/four weeks.

Someone with programming experience in any prograganguage can work with the
model and implement the easiest scenarios. If yant o change the model to implement
new scenarios you should learn to work with theypaion EMplant.

Scenarios Time to program
Constant radiology 1 day

Constant arrival 1 week

Direct supplementary diagnostics 3 to 4 weeks
General practitioner 1 week

This research supports the implementation of gériaurse who can initiate direct
supplementary diagnostics. It also showed intrautyei ‘spoed post’ at the AMC will reduce
length of stay and work load for ED-doctors and iiiDses. This research provides evidence
based management for the new working method ankkimgntation of the ‘spoed post'.

This research also showed interesting scenariobeaesigned with help of ‘Factory
Physics’ and ‘Lean Thinking'. To understand theiakitity of the process at the ED ‘Factory
Physics’ provides us with several laws who explairiability. With help of these laws we
found that variability in the arrivals is a big sauof waiting times. Furthermore these laws
helped us to validate the model and showed jusivarage waiting time for supplementary
diagnostics is sufficient to receive a valid outeom

Recommendations

The scenario of a constant arrival showed a lagdaation in length of stay if there is no
variability in the arrival rate. The arrival prosas one of the main reasons of waiting times.
Further research about scheduling patients fronetiergency department is thus very
important. Scheduling would reduce the variabitifyhe arrivals of patients and as a result
reduce the length of stay. [Rosmulder et al., 2005]

Furthermore an average constant laboratory andloayi time appears to give a valid
measure, the difference in both the LOS mean apdeamaller than suspected, so a
distribution might therefore not be necessary wiegmoducing ED process times in a
simulation model; assumptions of the average laborar radiology time seem to be
accurate. Also reducing supplementary diagnostiosst don't have a large effect on length of
stay in the current situation because the ED-daiften is busy performing other tasks won't
analyze the results.

Programming in an existing simulation model appe aifficult. It would be best if the
programmer who developed the simulation model iagdements the changes. The
programmer understands and knows the model bedtrenves the boundaries and
possibilities.

The results of the new method are promising. A litsaexperiment will take place in a short
amount of time. In this experiment the new methdtibe tested. The simulation model
showed that introducing a triage-nurse will reguiimprovement in length of stay. This
research supports introducing a triage-nurse amdetthesign of the process at the emergency
department.

This research focused on the self referred patiéntuld be interesting to program a
simulation model which includes referred patieRigthermore | would recommend
programming a new model with a triage nurse anéntrgategories. To realize this, an expert
of the program EMplant should program a new sinutatnodel.
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