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Abstract—The performance of the hospital is strongly
attached to the overall performance of its departments,
including the emergency department. The emergency
department is the most usable, touched and solicited place
that has as objective to be able to immediately treat symptoms
of urgent aspect. Therefore, studies and research must be
directed to the improvement of the various services provided
by the latter. The main challenge of this research is to develop
a model that gives the possibility to use it to diagnose the
current system and the proposed improvement actions. A real
emergency department in Tunisia is modeled and simulated
using ARENA simulation software. After the generation of
several improvement actions with the ARENA software and
in order to help the decision-makers to choose the action that
achieves their objectives, a decision support method (AHP) is
implemented. The latter takes action which has the highest
importance score as the suitable solution.

Keywords—Emergency department, modeling, simulation,
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|. INTRODUCTION

In recent years, hospitals have been faced with a
change imposed by their users. This change should guide
their management in setting up a more effective
organization and forcing them to move towards a much
more objective and scientific management of resources.
Emergency is an essential mission of the hospital, one of
the characteristics of which is its ability to cope with all
the needs expressed by the population whatever the nature
of treatment. Indeed, the emergency department (ED) is
one of the most complex health care systems, which
presents a large part of the economic budgets for health
services.

The ED is seen as one of the main health systems for
improving access to health services. It is open 24/24h and
every day. It allows taking charge, under the responsibility
of a qualified and experienced doctor, any person present
in emergency service.
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The objective of an emergency department is to
ensure rapid and qualitative care of patients while
managing the resources of the hospital system.

Il. INTEREST OF SIMULATION TO IMPROVE HEALTH SYSTEMS
FROM LITERATURE

According to Sheldon et al. [1], discrete event
simulation has been shown to be effective as a decision
support tool for optimizing resources and improving
patient flows in the health care system.

Lowery [2] explained how discrete event simulation
is more suited to health care systems through both the
inherent uncertainty and the potential complexity of
interaction of the parties in the modeled system.

Discrete event simulation (DES) has been widely
used to solve organizational problems in hospitals over the
past 20 years [2].

According to Gunal and Pidd [3], for many years, a
DES has been used extensively in modeling health care
systems and an analysis of simple citations shows that the
number of published articles has clearly increased since
2004. Als0, Mustafa et al. [4] produced a depth study on
the simulation of health in the literature. They found that
no fewer than 51 articles published between 1970 and
2007 have used DES in application to health.

A DES was presented as a health care management
analysis tool to support health care resource planning [5].
Brailsford et al. [6] considered that a DES allows
healthcare managers in their decision-making to invest in
potential treatments and technologies.

Jun et al. [7] used DES because of its ability to easily
model sequential events and the availability of DES
software. Kumar and Kapur [8] too used the simulation
model in their study of nurses' time.
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Rossetti et al. [9] developed an Arena model to
optimize physician planning in the emergency department.
Another study [10] analysed the functioning of an
emergency department with a management of patient
flows. In [10], the authors attempted to focus on the
simulation of an emergency service, taking into account
the immediately related services. This study was carried
out in anticipation of the construction of a new emergency
department in order to increase the capacity of the hospital
and to examine the flow of patients and especially their
waiting times. A distribution of patients at admission was
determined, depending on the mode of arrival (personal
vehicle, ambulance, etc.) and complexity of the patient
state.

Emergency departments in hospitals are still suffering
from the accumulation problem, as indicated by numerous
studies such as [11] and [12]. This leads to longer waiting
times for patients and poor utilization of hospital
resources, hence the need for studied management of the
patient flow as well as the human and material resources
used to provide patients. The organization, optimization
and improvement of this service have been the subject of
numerous research.

Lubicz and Mielczarek [13] developed a simulation
model for a rural emergency services system in Poland.
The main results of the model for decision support are
total service time, call answer time as well as the average
ambulance use. According to these authors, one of the
advantages of using a simulation model is the
incorporation in the model of several qualitative aspects
which are very difficult to incorporate into an analytical
model and which are very important for the final decisions
at the strategic level (change of operating mode, purchases
of new equipment, decentralization of functions, etc.).

Sullivan [14] provided a discrete event simulation
model using ARENA software for an emergency casualty
system. The model gave a decision support for how to do
in the event of a tornado, evaluating different scenarios to
determine the effect of different levels of disaster on
decisions made. The author showed how the ambulatory
response for tornado victims can be simulated.

Savas [15] proposed one of the first models for an
ambulance system in New York. The author used a
simulation model because of the complexity of the system
and the level of required data to evaluate the values of
important factors. they considered different level of data:
the geographical distribution of calls, the frequency of
calls, the location of the hospital, the time of the call, the
number of teams, etc. this simulation can be an interesting
tool to make the correct strategic decisions to improve the
system. All of this research is based on a concrete
emergency service influenced by local health policies,
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such as the organization of health, the management of
hospitals and the allocation of human and material
resources.

Wang et al. [16] used a simulator developed to
evaluate improvement proposals in the context of the
reorganization of emergency flows and the reallocation of
resources such that the exploitation of simulation results
not only highlights the efficiency and effectiveness of
good proposals but also the counterproductive effect false
proposals for improvement. The six proposals
improvement have been modeled and simulated in an
integral way in the simulator, the decision maker can
choose a single scenario or a combination of several
scenarios out of a total of 256 possibilities.

Belaidi et al. [17] proposed the hybridization of
enterprise modeling and flow simulation methods to
reorganize emergency services and, ultimately, to improve
their performance. This approach is applied within the
university hospital of Saint Etienne and it has identified a
set of weak points of the current organization. Then, the
authors proposed a new organization dedicated to control
the flow of patients. This organization characterized by
the introduction of a so-called rapid unit, it has brought
good results in terms of reduction in take-over time and
average length of stay.

In [18], an approach to help managers of emergency
systems was proposed. This approach, coupled with flow
simulation, allows to analyze the functioning of the
emergency structure and to determine the parameters
influencing the emergency management process.

Tao et al. [19] also presented an eight-step model
(recording, triage and care, boxing, consultation and
diagnosis, observation, patient mutation, hospitalization,
follow-up care, exit formalities). This model made it
possible to specify the process of patient flow in the
emergency department of the hospital Saint Josef and
Saint Lux. The simulation of this process was carried out
using the Aris Simulation software. Taking into account
the results of this simulation, they proposed the creation of
a process of rapid management for the less urgent patients.
This proposal requires the establishment of a physician in
permanent post as well as a box.

Hannan et al. [20] analyzed different policies of
administrative decision for the management of the
emergency department.

In [21], a well-known problem of physical
organization of emergency service is addressed. In order
to reach at an optimal configuration of the service, a
standard approach is described. Second, the constraints on
the service itself (staff numbers, number of emergency
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beds) and patients (number of required beds, length of repications. 100 Teetee . Minutes

stay in the service) were fixed. Several optimizations can Key Performance Indicators
be proposed (duration of taking or laboratory
examinations, assignment of beds, elimination of

downtime, etc.). System Average
Total Cost 1,909
I11. MODELING AND DIAGNOSTIC OF THE CURRENT SYSTEM Number Out 20

111.1 DESCRIPTION AND MODELING OF ED: A CASE STUDY Fig. 2 Total cost and number of patients discharged from a session

Emergency department of Gabes in Tunisia is a non- On average, the number of patients leaving
profit public institution. It contains an administrative the system is 20 during a session. A session costs
service window where patients register and pay. It also 1909 DT.

contains multiple rooms of different services: a waiting
room, two monitoring rooms, a care room, two general
practitioner consultation rooms and a specialist medical
office, two internal rooms with multi-purpose services and

a severing room intended only for serious illnesses, a Other
suture room and a plaster room.
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Fig. 3 The number of input per session to each process block

During 6 hours of emergency work, there are an
average of 126 patients oriented to the registration
window service, 71 patients oriented to the payment
window service, 17 patients oriented to the box room, 17
patients oriented to the traumatic room, 5 patients oriented
to the specialist physician office, 38 patients oriented to
the examination room, 10 patients oriented to the

Fig. 1 Model of the current emergency department dissection room, 7 patients oriented to the Rx Scanner
Echo room, 6 patients oriented to the treatment room and
111.2 DIAGNOSTIC OF THE CURRENT SYSTEM 23 patients oriented to the Waiting time room.
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Fig. 4 Average time during which the patient is in service

The figure 4 indicates the average time spent by a patient
in a specific service:

* The patient spends an average of 4.99 minutes to register
in the emergency department.

« In the first time, the patient spends an average of 9.97
minutes in the examination room in the emergency
department.

* To do a specialized consultation, the patient requires an
average time 58.65 minutes.

» For the patient who requires further examination, the
required average time to complete radiology is 56.55
minutes.
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Fig. 5 The result report of the total waiting time spent by a patient in the
waiting room

This figure 5 indicates that patients directed to the
Box wait an average of 213.41 minutes, patients directed
to the specialist physician office wait an average of 151.44
minutes, patients needed examination wait an average of
775.36 minutes, patients directed to the registration wait
an average of 5624.05 minutes, patients directed to
payment wait an average of 307.49, patients directed to
the waiting room spent an average of 843.72 minutes,
patients directed to the dissection room wait an average
of 259.71 minutes, patients directed to the trauma room
expect an average of 635.31 minutes, patients directed to
the RX Scanner Echo room wait an average of 150.96
minutes to be served, patients directed to the treatment
room wait an average of 67.67 minutes. On the other
hand for the other rooms, the waiting time of the patients
is almost negligible.
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‘Process

Cost per Entity
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Fig. 6 Total cost per entity of resources

For 6:30 hours and on average, the services provided
by the examination room cost 2.82 TD, the services
provided by the specialist doctor's office cost 24.23 TD,
the services provided by the dissection room cost 24.95
TD, services provided by the registration window service
costs 0.85 DT, the services provided by the payment
window service cost 43.62 DT, the services provided by
the Echo RX Scanner room cost 6.59 DT, the services
provided by the plaster room cost 12.10 DT.

Regarding the use of resources, we have the following
report:
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Fig. 7 utilization rates of resources in the current emergency service

The utilization rates of the nurses, the general
practitioner and the specialist physician, the nurses and the
radiologist have a good utilization rate. However,
utilization rate of the specialist physician and the general
practitioner are lower.
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Fig. 8 Number of patients served by different resources

On average, numbers of served patients are: 72.45 by
registration, 69.89 patients by payment, 31.62 patients by
the exam, 18.40 patients in the waiting room or trauma
room, 20.36 patients by the treatment room and 7.62
patients by the specialist office.

IV. ALTERNATIVES FOR IMPROVING THE CURRENT SYSTEM

In this section we will first present the criteria for
of the emergency service performance. Secondly, we will
rank the proposed alternatives of the simulation model by a
multicriteria method.
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IV.1 CRITERIA OF DECISION-MAKING

Today’s hospitals seek to offer patients a good
quality of service. To achieve this objective, the human and
material resources must be properly managed. So, we
suggest a set of solutions that will satisfy this need and we
will rely for each of the following four criteria:

* Number of Served patients (NS).
» Waiting Time per entity within the ED (WT).
« Utilization of Resources (UR).

* Total Cost of a work session (TC).

Criteria of ED performance

Fig. 9 Decision-Making Criteria

IV.2 PROPOSED ALTERNATIVES

The number of patients served per session is 20,
which is considerably less than the number of patients who
come to the emergency department per day. In addition, it
is noted that for each type of patient, the waiting time is too
long during the registration and payment step. Also, there
is a congestion of the patients in front of the examination
room, the dissection room, the specialist doctor's office and
for the complementary examinations (radiology or
analysis), which causes the existence of a waiting problem.

So, we propose to evaluate the possibility of
adding human and material resources to improve the actual
performance of the ED. We proposed the following
alternatives:

Alternativel: Decentralize the registration and payment
windows service.
Alternative 2: Add a triage phase for all patients.
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Alternative 3: Decentralize the registration and payment
windows service and add a triage phase for patients.
Alternative 4: Add a general practitioner

Alternative 5: Add a room RX Scanner Echo

Alternative 6: Add a new material to the dissection room.
Alternative 7: Add a new material to the dissection room
and an RX echo scanner room

Alternative 8: Decentralize the registration and payment
windows service and add a new general practitioner.
(Alternative 5 + Alternative 6)

Alternative 9: Decentralize the registration and payment
windows service, add a new generalist doctor and add a
triage phase for patients and an echo RX scanner room
and new equipment at the dissection room. (Alternative 3
+ Alternative 4)

Alternative 10: Decentralize the registration and payment
windows service and add a triage phase for patients and
add a new generalist doctor and add a RX Echo Scanner
and new equipment to the dissection room. (Alternative 3
+ Alternative 4 + Alternative 7)

TABLE 1
OBTAINED RESULTS BY THE 10 ALTERNATIVES

Alternative NS WT UR TC
1 25 99.24 0.884 2043
2 25 106.05 0.880 2018
3 25 98.55 0.912 2140
4 26 105.73 0.354 1970
5 25 113.29 0.872 2134
6 28 104.27 0.864 2460
7 29 104.93 0.883 2787
8 30 81.41 0.435 2261
9 30 83.37 0.376 2367

10 42 48.15 0.451 3134

The next step is to apply the binary comparison
between the different levels. For this, we propose the
application of the AHP method.

V. DECISION MAKING WITH THE AHP METHOD

For the classification of these alternatives to
choose the suitable solution, it is first necessary to
determine the relative importance of the criteria in the form
of a decision matrix. Then, calculate the weights of each
alternative. These weights are given by the managers of the
studied emergency department.

The AHP methodology requires comparing the
criteria and sub-criteria in pairs in order to determine their
relative weight. The matrix of binary comparisons are
completed after interviews with certain nurses of the
department and with the financial director of the hospital to
determine the weights related to the measures of
importance.
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According to these interviews, paired comparisons were
made on the basis of nine scales of AHP proposed by Saaty
[21]. Therefore, the criterion "Patient Number Out" is more
important than the criterion "Patient Waiting Time" and the
criterion "Patient Waiting Time" is a little more important
than the criterion of "Resource utilization" and the "total
cost" is of importance Equal to the "Patient Number Out".

In our case study, the hierarchical structure consists of
three levels: the first comprises the final objective and the
second comprises the performance measures which
represent the criteria by which the alternatives placed in the
last level.

Indeed, MATLAB (MATrix LABoratory) has been
developed to facilitate matrix calculations and the basic
element is the matrix. Using the MATLAB software, the
classification of the proposed alternatives by AHP method
is presented in following table.

TABLE 2
THE CLASSIFICATION OF THE TEN ALTERNATIVES PROPOSED USING
THE AHP METHOD

Alternative | Final results X V Score

0.043
0.044
0.047
0.041
0.058
0.102
0.148
0.082
0.089
0.305

O OO|INO|ORAR(WIN|F-

Arlaviwlol5(~|olo

[E
o

The alternativel0 takes the biggest score of
importance. So it is selected as the suitable solution of the
studied ED. The application of AHP has shown that to
improve the current emergency department performances,
it is important to add a general practitioner in the ED.

V1. CONCLUSION

Hospital services need to be assisted by decision-making
tools to better improve their structure by guaranteeing
patients a adapted service, quality and with the minimum.
Therefore, we must direct our studies to improve the
various services provided by the hospital. In this paper, we
highlighted on the emergency department. W modeled and
simulated a real Tunisian emergency department that
shows a large demand for high quality care services under
limited numbers of staff and in a small establishment.
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This problem is highly dignified in a context of resource [21] L. Saaty, "Decision making with the analytic hierarchy process,”
deficit, increasing demand for care and an incentive to International journal Service’s sciences, Vol. 1, pp 83-97, 2008.
control the quality of care. Our suitable solution to improve

the performance of the studied emergency department is to

add general practitioner.

REFERENCES

[1] H. Sheldon, N. Shane and R. James, "Discrete-event simulation of
health care systems," Patient Flow: Reducing delay in healthcare
delivery, chapter, pp. 211-252, 2004.

[2] J. Lowery, "Getting Started in Simulation in Healthcare,” In
Proceedings of the 1998 Winter simulation Conference, pp: 31-36,
1998.

[3] M. Gunal and M. Pidd, "Discrete Event Simulation for Performance
Modeling in Healthcare: A Review of the Literature, " Management
Science Working Paper Series, 2009.

[4] S. Krigjanis, "Discrete-Event Simulation for Hospital Resource
Planning -Possibilities and Requirements," 2010.

[5] S. Braisfold, P. Harper, and J. Sykes, "Incorporating human behavior
in healthcare simulation models.” In Proceedings of the 2006 winter
simulation Conference, pp. 466-472, 2006.

[6] J. Jun, S. Jacobson and J. Swisher, "Application of discrete event
simulation in health care simulation: A survey,” Journal of the
Operational Research Society, vol. 50, pp.109-123, 1999.

[71 A. Kumar and R. Kapur, "Discrete Simulation Application -
Scheduling Staff for the Emergency Room," In Winter Simulation
Conference Proceedings, pp.1112-1120, 1989.

[8] N. Mustafa, K. Katsaliaki and S. Taylor, <’Profiling Literature in
Healthcare Simulation," Simulation, vol. 8, pp. 543-558, 2010.

[9] M. Rossetti, G. Trzcinski and S. Syverudet, "Emergency department
simulation and determination of optimal attending physician staffing
schedules,” Winter Simulation Conference Proceedings, pp.1532-
1540, 1999.

[10] S. Takakuwa and H. Shiozaki, "Functional analysis for operating
emergency department of a general hospital". Proceedings of the
winter simulation conference, 2004.

[11] MEAH, "The problem of the waiting queue in the passage to the
emergencies,” National Mission of Expertise and Hospital Audit,
2004.

[12] M. Lubicz and B. Mielczarek B, "Simulation modeling of emergency
medical services," European Journal of Operational Research, vol. 29,
pp. 178-1850, 1987.

[13] K. Sullivan, "Simulating rural emergency medical services during
mass casualty Disasters," Thesis Master of Science, 2008.

[14] E. Savas, "Simulation and cost-effectiveness analysis of New York’s
emergency ambulance service," Management Science, vol. 15, pp.
608-627, 1969.

[15] Y.M Wang, Y.S Wang and Y.F Wang, "Understanding the
determinants of RFID adoption in the manufacturing industry,"
Technological Forecasting and Social Change, 2010.

[16] A. Belaidi, B. Besombes, A. Guinet and E. Marcon, "Use of business
modeling and flow simulation for the reorganization of emergency
reception services -Application for assistance in managing patient
care," GISEH’0, 2006.

[17] B. Glaa, "Contribution to the modeling and optimization of an
emergency management assistance system “PhD thesis in Automatics
and Industrial Computing,” 2008.

[18] W. Tao, A. Guinet A and S. Meryem, " Modeling and simulation of
the process of passage of the patients to the emergencies using ARIS:
Case study in SAUL of the hospital center Saint Joseph and Saint
Lue,"GISEH’06, 2006.

[19] E. Hannan, R. Giglio and R. Sadowski, "A simulation analysis of a
hospital emergency department,” In Winter Simulation Conference,
1974.

[20] F. Miller F, D. Ferrin and J. Szymanski, "Fixing the emergency
department: a transformation journey with EDsim," Proceeding
Conference, pp. 1988-1993, 2003.

CopyrightlPCO-201
ISSN2356-5608


http://www.lums.lancs.ac.uk/profiles/mike-pidd/
http://dl.acm.org/author_page.cfm?id=81100103884&coll=DL&dl=ACM&trk=0&cfid=759981348&cftoken=81088054
http://dl.acm.org/author_page.cfm?id=81100056623&coll=DL&dl=ACM&trk=0&cfid=759981348&cftoken=81088054
Admin
Typewritten Text
Copyright IPCO-2017
ISSN 2356-5608




