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Analysis, modeling, and simulation of emergency department

Natasha Stojkovikj®", Limonka Koceva Lazaroval, Vesna Dimitrievska Ristovska?, Maja Kukuseva®, Aleksandra Stojanova Ilievska®
Faculty of Computer Science, Goce Delcev University, Stip, North Macedonia®
Faculty of Computer Science and Engineering, Ss. Cyril and Methodius University, Skopje, North Macedonia?
Faculty of Electrical Engineering, Goce Delcev University, Stip, North Macedonia®
natasa.stojkovik@ugd.edu.mk

Abstract: Overcrowding in the Emergency Department (ED) is one of the most important issues in healthcare systems. Two major causes of
this congestion are identified, the first one is unjustified Emergency Department visits and the second one a lack of downstream beds. The
lack of downstream beds can deteriorate the quality of care for patients who need hospitalization after an ED visit. In this paper a generic
simulation model is developed in order to analyse patient pathways from the ED to hospital discharge.

Keywords: EMERGENCY DEPARTMENT, GENERIC SIMULATION MODEL, AGENT BASED MODELING, ANYLOGIC.

1. Introduction

The Emergency Department (ED) is part of every hospital
responsible for providing care for emergency cases and life-treating
injuries 24 hours daily, 7 days of the week. ED handles many
patients daily and must have a high level of efficiency and quality.
Ineffective operation of ED leads to delays of treatment of the
patients or even a death of critical patients. The most important
issue in ED is overcrowding which has been described as both a
patient safety issue and a worldwide public health problem, [1]. The
overcrowding (or congestion) in ED occurs when the available
capacity in ED cannot meet the demands and results in longer
waiting times for the patients to get treatment. This has a negative
impact and dissatisfaction of the patients who may leave without
getting treatment [2], decrease the quality of care and burnout of
nursing staff. Two major causes of the congestion have been
identified. Firstly, unjustified ED visit and secondly lack of
downstream beds. An unjustified emergency visit concerns a patient
who has no health problems or non-emergency health problem. The
lack of downstream beds increases the length of stay in ED because
patients must wait for a bed in a relevant medical unit. Sometimes
patients are admitted to a medical unit that is not adapted to their
pathology in order to decrease the ED congestion. This situation is
problematic because it reduces the quality of care.

Much research focuses on reducing waiting time of the patients.
In [3] each activity in ED during a seven-day period was evaluated
and used as input data of the model. The results show significant
reducing of the waiting time of the patients. In another research [4,
5] the waiting time of the patients is reduced by assessment from
primary triage nurses or physicians of the arriving patient and
directed to appropriate staff based on the injuries or health
condition.

The effect on waiting times of the patients and resource of
nursing request from the fast-tracking additional unit in the ED
using Monte Carlo simulation in MATLAB is represented in [6]. In
this model the nursing resource demand and ED occupancy are
modeled using Emergency Severity Index patients’ level and
simulation results show reduction of overall waiting time. The
authors in [7] reported that in order for the processes in ED to be
improved several various factors in dynamics and unpredictable
environment should be considered. To facilitate the decision-
making process in ED different techniques and tools have to be
utilized such as combination of DES, Data Mining and simulation
based multi-objective optimization, [8, 9]. In [10, 11,12] is shown
the increased use of Agent Based Model within healthcare settings,
particularly within hospitals.

2. Description of ED model

2D model is a geometric model of the object as two-
dimensional figure in Cartesian coordinate system or Euclidean
space. 2D models are an essential tool for 2D computer graphics
often used as a component of 3D geometric models. In the model
represented in this paper, 2D model is used to describe the rooms
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and the resources of ED. Also, digital rendering is used to form the
perception of 2D geometric model as a 3D geometric model
designed through Modeling and Simulation Software (AnyLogic).
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Fig. 1 ED Model in 2D

Three dimensinal (3D) model represent the physical object
using sets of points in 3D space associated with various geometric
entities such as triangles, lines, curved surfaces etc. 3D models can
be created automatically or manually. The manual modeling process
is similar to sculptural art. A 3D model can be physically created
using 3D printing device that form 2D layers of the model printing
one layer at a time. The diagram of 3D Emergency Department
model used in this research is shown on Fig.2.

Fig. 2 ED Model in 3D

The model of ED is developed in modeling and simulation
software AnyLogic. In order to achieve a certain level of
functionality, the software not only shows the model in 2D and 3D,
but also the movement of patients and the filling and emptying of
the rooms or beds.

The project is made in AnyLogic simulation and modeling
software.
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The following resources are used in this model:
-Personnel: Doctors, nurses, and technicians.
- Rooms: Triage rooms, rooms for urgent care.

-Equipment: Ultrasound devices, C-Arm devices,

scanners and tomography devices, Fig.3.

X-ray

TriageRoom PatientRoom Nurse Doctor Techician

Rengen tomography C_arm USound1

Fig. 3 Elements of ED model.

Upon arrival in the system, the patient is registered and goes to
the waiting room, then the nurse takes him to the triage room. After
triage, the patient continues in the care room (patient room), and
then, if necessary, the patient is directed for additional
examinations, with an ultrasound machine, X-ray, tomography, or
C-arm. If the X-ray needs to be taken, the patient goes to the X-ray
room. If the examinations must be done by using ultrasound, then
the ultrasound machine is moved to the patient room where the
patient is placed.

There are three patient rooms and three triage rooms in the
system, which we do not change in the model, i.e., we assume that
they are fixed. In the model, the number of nurses, technicians, and
doctors, as well as X-ray, tomographic, C-arm devices and
ultrasound devices can be changed. For this purpose, the following
parameters are set: ArrivalRate, Nurses, Doctors, Technicians,
USoundMachine, XRayMachine, Tomograph, CArmMachine.

We can also change the rate of incoming patients in the model.
In the model, we can also change: the speed of the patient’s
movements and the speed of the staff” movements. So, in the model,
also are set the parameters SpeedPatient and SpeedStaff.

The main elements in the system are the following:
Source - generates a certain number of patients (patients per hour).

TimeMeasureStart - for measuring the time of the patient's
movement considering from the beginning to the moment when the
patient goes to the desired destination.

Registration - the registration service time is uniform on the interval
(2.5, 3.3).

Waiting queue for registration - the length of the queue is 20 and
priority for serving is FIFO.

Time for registration - the time spent for registration.

The time for registration is distributed according to the triangular
distribution on the time interval (0.5, 1, 1.5).

SeizeTriageRoom — consists of the resources Nurses and

TriageRooms.

Triage — the service time has triangular distribution at the time
interval (5, 8, 15).

releaseTriageRoom - the triage room is left.

SeizeRoomforPatient — consists of the Nurses and RoomForPatient.
releaseNurse - the nurse is released.

SeizecallDoctor — the doctor is called.

selectAction- one of the four options is chosen (USound, Xray,
tomography or C-arm machine).

releaseDoctor — the doctor is released.

TimeMeasureEnd — the measurement of the patient’ time in the
system is finished.

The model, i.e., process Flowchart is given at the following figure:

source Gotoregistration
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Fig.4 Schematic representation of the model.

3. Analysis and simulation of ED model

If 5 patients arrive per hour, the number of resources are the
following:

Number
Nurse 5
Technicians 2
Doctor
Assistant
Ultra-sound
Machine
Tomography
C-arm
machine
ECG
Rate of
arriving
X-Ray
machine
For the given parameters, in AnyLogic modelling and
simulation software we obtain the following results (Figure 5 and
Figure 6).

05

@ Triage Room 0.49
@ Doctor 081
@ Tomography 0.16

ar N - N

1

Nurse 0.52
XRay 016
@ Usound 0.51

Patient Room 0.7
@ Technician 0.71
®c_amoi7

Fig.5 The utilization of every element particularly for arrival rate= 5,
nurses=5, doctors=2 and technicians=2.
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Time spend in ED

Mean: 80.68 min

15%
10%

5%

0%

40 60 80 100 120 140 160 1

)
=)

Fig.6 Time spent in ED system for arrival rate= 5, nurses=>5,
doctors=2 and technicians=2.

We can note that if 5 clients arrive per hour, then the utilization
of nurses is 52%. The average patients’ time spent in the system is
60.66 minutes.

Do we can optimize the system, if we reduce the number of
nurses to 3? Then we have the following results:

04
02
0 N -

@ Triage Room 0.48 Patient Room 0.65
@ Technician 068 @ XRay 0.17
@ Usound 0.47

Murse 0.7
@ Tomography 0.15

@ Doclor 0.78
®c_amois

Fig.7 The utilization of every element particularly for arrival rate= 5,
nurses=3, doctors=2 and technicians=2.

Time spend in ED
35%
Mean: 80.208 min
20%
25%
20%
15%

10%

5%

0 50

100 150 200 250

Fig.8 Time spent in ED system for arrival rate= 5, nurses=5,
doctors=2 and technicians=2.

In this case we have less nurses, but their utilization has increased.
The mean time spent in ED is 60.309 min. In order to optimize the
system and to increase the utilization of personnel, we will reduce
the personnel.

If we change the rate of arrival of clients to 10 clients per hour, and
the number of nurses is 5, we will get:

:.5 l
o
@ Triage Room 0.62

@ Technician 0.87
@ USound 059

Patient Room 1
@ xRay 0.21

Nurse 0.99
@ Tomography 0.21

@ Doctor 1
®camozi
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Fig.9 The utilization of every element particularly for arrival rate= 10,
nurses=>5, doctors=2 and technicians=2.

We have an oversupply here because of the small number of doctors
and nurses.

For that, we will increase the total number of nurses to 8, and
the number of doctors and technicians to 4. We get:

ES .
o
@ Triage Room 056

@ Technician 0.66
@ Usound 0.78

Patient Room 0.92
@ XRay 0.27

Nurse 0.81
@ Tomography 0.3

@ Doctor 0.75
@®camozs

Fig.10 The utilization of every element particularly for arrival rate= 10,
nurses=8, doctors=4 and technicians=4.

Time spend in ED

20%
Maan: 40.222 min
15%

10%

5%

0%

Fig.11 Time spent in ED system particularly for arrival rate= 10, nurses=8,
doctors=4 and technicians=4.

In this case, the utilization of nurses, doctors and technicians is
reduced for that rate of arrival of patients (10 patients per hour).

To increase the rate of arrival to 15 patients per hour, let the
number of nurses is 8, and the number of doctors 4 and the number
of technicians is 4. We get:

Ml II I
0 ---

@ Triage Room 057 @ Doctor 0.75
@ Technician 0.66 @ Cc_arm0.29
@ usound 0.77

Patient Room 0 98
® XRay 029

Murse 0.96
@ Tomography 0.26

Fig.12 The utilization of every element particularly for arrival rate= 15,
nurses=8, doctors=4 and technicians=4.

We have huge utilization of the nurses, co we will increase their
number to 12, and the number of technicians and doctors to 5. We
get:
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1

. I

@ Doctor 0.6
. C_arm 0.24

@ Trizge Room 052
. Technician 0.54
@ uSound 0.92

Patient Room 0.93
XRay 0.17

Nurse 0.82
omography 0.21
T hy 0.2

Fig.13 The utilization of every element particularly for arrival rate= 15,
nurses=12, doctors=>5 and technicians=>5.

Time spend in ED

Mean: 85 251 min

100 120 140 160 180 200

Fig.14 Time spent in ED system for arrival rate= 15, nurses=12, doctors=5
and technicians =5.

Nursing utilization has decreased to 82%, and the mean of the
patient’ time in the total system in Emergency Department will be
increased to 85.251 min. This is expected because all the other
elements in the ED have a huge percent of utilization.

4. Conclusion

This Emergency Department model is simple model for
designing of the connections between its elements. The model uses
state machine-based agents which act and communicate within a
defined environment. The simulation is done in order to show the
validity of the model. This simulation can be used as the core
component of a decision support system to aid hospital
administrators make better use of resources, achieving a more
efficient and improved patient care cycle. This in turn will allow
better management of dynamic patient flow, either because of
specific circumstances or seasonal fluctuation.
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