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Dear Editor,
We read with great interest the recent manuscript by
Mostafa Alavi-Moghaddam et al. (1) on “Application of
Queuing Analytic Theory to Decrease Waiting Times in
Emergency Department: Does it Make Sense?” published
in the Archives of Trauma Research. In this article, the authors described a discrete events simulation (DES) model
deployed on the ARENA simulation software to model
the processes in an Emergency Department (ED). The
simulation model was based on empirical data of actual
ED operations for The Imam Hosein Hospital located in
Tehran, Iran, with annual input of approximately 50,000
patients, 24 general emergency beds and 14 trauma emergency beds.
The application of simulation models for improving
EDs’ work processes started in the late 1980s (2) and have
been gaining traction over the last decade (3-11). The objectives of simulation modeling for EDs have been varied, ranging from infrastructural designs (3), process
improvements (4-6, 12), staffing decisions (10) and nearterm forecasting for proactive operational management
(11). Simulation models in general can be developed for
different hospital processes under a variety of settings.
However, differences in operating parameters, such as
process designs and infrastructural configurations, prevent easy generalizability of simulation models, associated results and policy insights. Different objectives may
also entail different modeling assumptions and data
requirements. It should be noted that the ability for any
simulation model to faithfully represent the actual system have to be justified through rigorous model validation and verification processes before they can be used
for scenario analysis and policy testing (13).
The authors described a set of scenarios related to man-

power resource management (e.g. nurse scheduling)
and capacity improvements (e.g. changes to diagnostic,
laboratory, consultation and discharge capacities) using
the simulation model. Forecasting accuracy is critical
in such simulation models, since the quality of realized
performance hinges upon the accuracy of forecasts. To a
certain extent, scenario analytic techniques may be able
to circumvent this issue by presenting a plethora of plausible scenarios with sufficiently wide coverage thereby
facilitating the development of policies robust against
the identified scenarios. Estimates of individual parameters describing the ED system are integrated within DES
models that capture the interlocking internal dynamics within complex ED systems (11, 14). As demonstrated
in the study, the internal dynamics of ED systems can be
captured through the use of DES models to provide a viable decision support tool.
The simulation model examined typical input, throughput and output factors influencing ED overcrowding and
reported encouraging results. The mean waiting times
at the various processes and average length of stay (LOS)
within the ED have been reported as the primary outcome
measures. Other outcome measures, such as utilization
levels for beds or care units (11), probability of ambulance
diversion (11, 15, 16), ED productivity (17) and the proportion of patients who leave without being seen (LWBS) (18),
can also be of interest to decision makers.
Empirical data is critical for the development of a robust
simulation model that considers fluctuating demands
and dynamic resource allocation decisions which characterizes ED operations. Characteristics of patient demands
(e.g. triage categories, reneging characteristics and medical/ trauma categories) and the historical distributions of
pertinent time intervals (e.g. patient inter-arrival times
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and service times of the various ED processes) are important parameters that have to be carefully modeled. Accurate and updated spatiotemporal patient flow data may
not be readily captured via the data-collection scheme
described in the paper. Real-time location systems (RTLS)
for tracking the status and movement of various entities within the ED (e.g. patients, healthcare workers and
physical assets) (19) may improve the quality of data, and
hence, the accuracy of forecasts.
Simulation modeling provides a rigorous and versatile
platform for evidence-based decision making in ED process improvements, infrastructural designs and policy
evaluations. Simulation models have been shown to provide for short term operational, tactical and strategic ED
planning and management. Different study objectives
necessitate different modeling assumptions, data resolution and data quality requirements. As ED overcrowding
has been identified as a significant international crisis
that is detrimental to patient safety, quality of care and
patient satisfaction (20), there is an immediate need to
re-examine and improve ED processes using rigorous
evidence-based and quantitative modeling techniques.
In this respect, it is encouraging to see the increasing
adoption of simulation to quantitatively model the inherent complex system dynamics present in EDs around
the world.

Acknowledgements
None declared.

Financial Disclosure
Authors declare that there is no financial interest in this
article.

References
1.

2.
3.

136

Alavi-Moghaddam M, Forouzanfar R, Alamdari S, Shahrami A,
Kariman H, Amini A, et al. Application of Queuing Analytic Theory to Decrease Waiting Times in Emergency Department: Does it
Make Sense? Arch Trauma Res. 2012;1(3):101–7.
Saunders CharlesE, Makens PaulK, Leblanc LarryJ. Modeling
emergency department operations using advanced computer
simulation systems. Ann Emerg Med. 1989;18(2):134–40.
Samaha S, Armel WS, Starks DW, editors. The use of simulation
to reduce the length of stay in an emergency department.; Simulation Conference, 2003. Proceedings of the 2003 Winter; 2003; p.
1907–11 vol.2.

4.
5.

6.
7.
8.
9.

10.

11.

12.

13.
14.
15.
16.

17.
18.
19.

20.

Connelly LloydG, Bair AaronE. Discrete Event Simulation of
Emergency Department Activity: A Platform for System-level Operations Research. Acad Emerg Med. 2004;11(11):1177–85.
Sinreich D, Marmor YN, editors. A simple and intuitive simulation tool for analyzing emergency department operations.;
Simulation Conference, 2004. Proceedings of the 2004 Winter.; 2004;
p. 1994–2002 vol.2.
Komashie A, Ali Mousavi, editors. Modeling emergency departments using discrete event simulation techniques.; Simulation
Conference, 2005 Proceedings of the Winter.; 2005; p. 5 pp..
Sinreich David, Marmor Yariv. Emergency department operations: The basis for developing a simulation tool. IIE Trans.
2005;37(3):233–45.
Kellermann ArthurL. Crisis in the Emergency Department. N Engl
J Med. 2006;355(13):1300–3.
Hung GeoffreyR, Whitehouse SandraR, O'Neill Craig, Gray AndrewP, Kissoon Niranjan. Computer Modeling of Patient Flow in
a Pediatric Emergency Department Using Discrete Event Simulation. Ped Emerg Care. 2007;23(1).
Sinreich D, Jabali O. Staggered work shifts: a way to downsize
and restructure an emergency department workforce yet maintain current operational performance. Health Care Manag Sci.
2007;10(3):293–308.
Hoot NathanR, LeBlanc LarryJ, Jones Ian, Levin ScottR, Zhou
Chuan, Gadd CynthiaS, et al. Forecasting Emergency Department Crowding: A Discrete Event Simulation. Ann Emerg Med.
2008;52(2):116–25.
Khare RahulK, Powell EmilieS, Reinhardt Gilles, Lucenti Martin.
Adding More Beds to the Emergency Department or Reducing
Admitted Patient Boarding Times: Which Has a More Significant
Influence on Emergency Department Congestion? Ann Emerg
Med. 2009;53(5):575–8500.
Banks J. Discrete-Event System Simulation. revised ed. Prentice Hall;
2010.
Green LindaV, Kolesar PeterJ, Whitt Ward. Coping with TimeVarying Demand When Setting Staffing Requirements for a Service System. Prod Oper Manag. 2007;16(1):13–39.
Patel PB, Derlet RW, Vinson DR, Williams M. Ambulance diversion
reduction: The sacramento solution. Ann Emerg Med. 2004;44(4,
Supplement):S20.
Shah MN, Fairbanks RJ, Maddow CL, Lerner EB, Syrett JI, Davis EA,
et al. Description and evaluation of a pilot physician-directed
emergency medical services diversion control program. Acad
Emerg Med. 2006;13(1):54–60.
Abo-Hamad Waleed, Arisha Amr. Simulation-based framework to
improve patient experience in an emergency department. Eur J
Oper Res. 2013;224(1):154–66.
Green Linda V, Soares João, Giglio JamesF, Green RobertA. Using
Queueing Theory to Increase the Effectiveness of Emergency Department Provider Staffing. Acad Emerg Med. 2006;13(1):61–8.
Shang-Wei Wang, Wun-Hwa Chen, Chorng-Shyong Ong, Li Liu,
Yun-Wen Chuang., editors. RFID Application in Hospitals: A Case
Study on a Demonstration RFID Project in a Taiwan Hospital.; System Sciences, 2006. HICSS '06. Proceedings of the 39th Annual Hawaii
International Conference on.; 2006; p. 184a.
Hoot NathanR, Aronsky Dominik. Systematic Review of Emergency Department Crowding: Causes, Effects, and Solutions. Ann
Emerg Med. 2008;52(2):126–360.

Arch Trauma Res. 2013;2(3)

