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Introduction
A hospital, with regard to its functional 
jurisdiction, could be considered the most 
important health care institution and even a 
medico‑social organization. Comprehensive 
health care services are in fact provided 
mainly by hospitals in many countries. 
Emergency departments  (EDs), due to their 
nature, are considered one of the most vital 
parts of a hospital, with its main role in 
providing emergency medical services.[1] 
Throughout the country,[2] with respect to the 
number of patients in need of diagnostic or 
treatment measures, ED is considered as the 
most complicated operational and clinical 
setting in modern hospitals. Al‑Zahra 
hospital has more than 100,000  patients 
admitted annually with near 1000 beds, of 
which over  100 beds are assigned for the 
ED.[3] The necessity for complex, multiple, 
prompt, high quality and efficient processes 
makes the ED of paramount importance.
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Abstract
Background: In the past decade, factors such as population growth, increased environmental 
incidents, and substance abuse have caused patient‑overcrowding in emergency departments  (EDs). 
Our main objective was to assess the effects of a discharge lounge on decreasing the patient waiting 
time and ED overcrowding by computer simulation. Methods: In this cross‑sectional retrospective 
study, the statistical population consisted of 39264 persons referred to the ED of Al‑Zahra Hospital. 
The sample size was calculated as 1275 through systematic random sampling at 99% confidence. 
To increase research accuracy, the number of patients was increased to 2515. Data were collected 
by standardized checklists and hospital information systems. Results: Mean waiting time for level 
2 patients who left the ED against medical advice after completing the treatment was declined from 
56  min to 44  min and before completing the treatment process from 80  min to 50  min. Average 
waiting time for level 3  patients for personal satisfaction after completing the treatment process 
decreased from 15  min to 13  min and before the completion of the treatment process from 67  min 
to 41 min; the number of discharged patients awaiting discharge was decreased at level 2 from 3 to 
2 and at level 3 from 2 to 1. The number of patients waiting for admission at triage stations reduced 
from 44 to 39%, and the average number of patients discharged from emergency room was increased 
from 7 to 12. Conclusions: ED overcrowding is the hallmark of a mismatch between the availability 
of health care resources and patient demand for emergency care. Among major factors contributing 
to these situations are hindrances in patient flow and occupation of ED beds by nonurgent patients. 
The establishment of a discharge unit in the ED could be a practical solution to ED overcrowding.
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An inverse correlation exists between 
waiting time  (WT) for medical care and 
patient outcome.[4] The long WT and length 
of stay of patients in EDs are the result of 
inefficient workflow process in three stages: 
entering the ED, providing emergency care, 
and leaving the patient.[2,3,5‑7]

Studies show that WT for medical services 
and ED throughput time has a key role in 
patient outcome and satisfaction.[3] Despite a 
lack of increase in the number of emergency 
rooms during recent years, factors such as 
population growth, increased intentional 
or unintentional injuries along with drug 
abuse in previous decades have contributed 
to ED overcrowding.[8] ED overcrowding is 
a sign of mismatch between health system 
supply and patients’ demands for prompt 
and convenient services.[9]

In the ED, time is important for 
patients but also are determining factors in 
death, serious disabilities, or the quality of 
life.[1,4,5]
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The main reason for overcrowding in the ED is a 
hindrance in patient flow when demands for emergency 
services outweigh the available resources in a given 
time.[10] Although ED overcrowding is a multifactorial 
issue involving internal and external factors, the use of ED 
spaces and resources for patients with nonurgent conditions 
may aggravate the situation. Decreased length of stay and 
WT for nonurgent patients could improve patient flow in 
the ED.[9,11]

In spite of its huge impact, there is limited present evidence 
to improve patient flow in the ED. In recent years, health 
system stakeholders in many countries have established 
standards aimed at decreasing ED length of stay, such as 
the 4‑h target, developed by the English National Health 
Service.[12]

In 2009, Jabbari et  al. conducted research aimed at 
determining WT in order to develop a policy and procedure 
in Al‑Zahra ED. They showed that these WT exceeded 
standards defined by Iran’s ministry of health and many 
other hospital systems around the world.[2]

In 2014, Hernandez et  al. showed that 4  months after a 
“Discharge Hospitality Center” project was launched, ED 
stays over  6 h decreased from 24.6 to 15.8%, discharges 
before noon increased from 33.4 to 41.5%, and the time 
from a discharge order being written to the time the 
patient actually left their inpatient bed reduced from 
126 to 84 min.[13]

The “discharge room” or discharge unit is a place for 
patients who have been discharged to wait for a transfer, 
a drug, or other treatment before leaving the hospital.[14] 
The main purpose of establishing a discharge unit is to 
create more treatment spaces for patients in urgent need 
(i.e.,  to free up beds). ED beds are therefore always at 
hand, resulting in improved patient flow. According to 
their condition, patients will be transferred to appropriate 
wards, the process of patient transfer from hospital to home 
will be facilitated, and they will experience a convenient, 
satisfying discharge.[15] Discharge units may be provided 
with beds as needed, and even the possibility of taking a 
shower as well.[16]

The discharge hall is a safe and comfortable waiting 
room for patients, relatives, and caregivers. The use of 
the discharge hall allows for the preparation of sections 
for future patients. Before transferring the patient to the 
discharge room, the following should be noted: Staff at 
the discharge room must be informed of the patient’s 
arrival prior to transfer to receive them warmly. Employee 
checklists should also ensure that staff is able to care for 
patients with a specific condition, such as diabetics or those 
with visual or hearing impairments. The patient’s required 
documentation and medication should be accompanied 
by the patient, and the patient’s rehabilitation should be 
completed using physiotherapy and drug therapy.[17]

Al‑Zahra Emergency Hospital is one of the most visited 
EDs in the country due to the variety of specialized 
and specialty facilities. In this study, different solutions 
were used to reduce patients’ WT and reduce emergency 
congestion at Al‑Zahra Hospital. This article illustrates 
the impact of establishing a “discharge hall” in reducing 
patient WT and crowding.

The emergency ward of Al‑Zahra teaching hospital is 
one of the most visited emergency wards in the country.[1] 
Simulating a shrinking model of a real thing, social situation, 
or a process is, in fact, the science and art of building a 
model of a process or system to evaluate and test strategies 
and a way to know the results of the proposed ideas before 
they are implemented. Simulation is used in many categories, 
including modeling to gain insight into how natural and 
human systems work. Simulation can be used to show the 
impacts and consequences of different situations that are 
not, for example, real or the impact of existing factors.[18,19] 
In this study, our main objectives were to evaluate the 
various solutions to reduce the WT of patients and to reduce 
the emergency overcrowding of Al‑Zahra hospital using 
a simulation technique. This article shows the effect of 
creating a discharge unit to reduce the WT for the patients.

Methods
This retrospective cross‑sectional study was conducted. 
The population included 39,264  patients attending the 
Al‑Zahra Hospital between November 2013 and October 
2014. The sample size was estimated from the equation as 

1275 using systematic random sampling with a 
2zsn

d
 =  
 

confidence level of 99%. To increase the accuracy of the 

research, the number of patients included was increased to 
2515. Data collection tools were a validated questionnaire 
and hospital information system (HIS). The questionnaire [t 
able 1] contained 24 questions about: case number, age, and 
sex of the patient, how patient recourse  (personal visit or 
referrals from other centers), visit date, triage time, triage 
level, admission time, the patient’s first visit by a specialist, 
execution time order by nurses, the time of radiology 
request and time of doing it, the time of tests request for 
patients, the time of admission, the patient sample in the 
laboratory, response time by laboratory, the time of first 
advice request and the time of counseling for the patient, 
the time of electrocardiogram request and the time of doing 
it, the time of patient transfer to hospital wards or discharge 
from the ED by a physician or personal satisfaction, the 
time of discharge and to empty his bed. Table  1 shows 
the questionnaire that is used for patient tracking in ED of 
Al‑Zahra University Hospital.

The interviewers were stationed in the medical records 
unit of Al‑Zahra Hospital and they were not selected from 
hospital staff to avoid potential bias.
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The questionnaire was developed by experts 
(emergency medicine specialists and other medical experts 
in Al‑Zahra Hospital of Isfahan) and was validated after 
several revisions by assessing patients’ records in Al‑Zahra 
Hospital’s medical records unit. Internal consistency or 
reliability was determined by Cronbach’s alpha. SPSS 
software was used for data analysis. All information on the 
variables from the medical record unit, except those related 
to laboratory and radiological results were available via HIS. 
Statistical analysis was performed using SPSS version  21 
statistical software (SPSS Inc., Chicago, IL, USA).

Simulation is a shortened model of the real thing, social 
status, or a process. In fact, it is a science and art for model 
building of a process or system to evaluate strategies, and it 
is a way to find out the results of the proposed ideas before 
implementing them. Simulation is used in many categories 
including modeling to gain insight and knowledge about 
natural and human systems. The simulation can be 
used to show the effects and consequences of different 
circumstances, that it’s not true, and it also is used to 
evaluate the effect of existing factors.[10]

Arena simulation software package 
(ANSYS, Pennsylvania, U.S.A) is used for discrete event 
systems. This software is designed to analyze the impact of 
major and complex changes in relation to the supply chain, 
manufacturing, logistics, warehousing and distribution, and 
service systems. Arena software helps managers to optimize 
three important factors in the ED. These three factors are 
costs, patient WT, and number of personnel.

This study was conducted using simulation techniques by 
attention to the high level of patient WT in the ED and 
the importance of reducing these times by minimum cost 
and maximum efficiency of hospital resources. A  physical 
model of the real system was designed by Arena software 
and then the flow of patients at Al‑Zahra hospital were 
observed by on‑screen graphical animation.

Model distribution function was 0.001  +  EXPO  (13.2). 
Input Analyzer software was used to detect the model input 
distribution function. Three‑point distribution was used for 
all process functions and model execution was performed 
1000  times in Arena software. Then, according to the 
presumed bottlenecks in the ED, solutions to reduce WT 
were proposed and compared with Arena software. This 
article illustrates the impact of implementing a discharge 
hall solution to reduce patients’ WT and reduce emergency 
overcrowding in a university hospital.

Results
The utility output of Input Analyzer software showed 
exponential function with a mean time of 13.2  min. This 
means that on average every 13.2 min, a patient is admitted 
to the ED of Al‑Zahra Hospital. Patients are classified into 
three levels of 1, 2, and 3, based on the severity of the 
disease after referral and triage. The results showed that the 

lowest number of patients attending is 59 per 24 h, of these, 
the number of first level patients is equal to zero, the number 
of second‑level patients is equal to 14, and the number of 
third‑level patients is equal to 45. The maximum number of 
patients is 163, with 12 first‑level patients, 56‑second level 
patients, and 95 third level patients. The average patient 
input is 109 with 4 of the level 1 patient, 35 level 2 patients, 
and 70 level 3 patients. However, 9% of patients in level 2 
and 11% of level 3 patients are discharged from the hospital 
before completing their personal consent treatment. Chart 1 
shows the path of patients at all three levels.

Figure  1 shows the patient tracking in all three levels and 
Table 2 shows the current status of Al‑Zahra hospital ED 
based on the personnel number.

Table 2 also shows the WT of patients at the discharge 
station in the baseline situation and the implementation of 
the “Discharge Lounge” scenario.

By implementation of the “Discharge Lounge” scenario, 
the following changes are made:
1.	 The average WT for level 2  patients with personal 

satisfaction was reduced from 56  min to 44  min, and 
the average patient WT for level 3 decreased from 
15 min to 13 min

2.	 The average WT for level 2  patients to be discharged 
with personal consent at a time when the treatment 
process is not yet completed has been reduced from 
80 min to 50 min and for level 3 patients from 67 min 
to 41 min

3.	 The number of patients in level 2 waiting to be 
discharged by the physician has been reduced from 3 to 
2, and the number of patients in level 3 waiting to leave 
has decreased from 2 to 1

4.	 The number of patients waiting for level 3  patients 
at the reception station has also been reduced from 
44 to 39

5.	 The average number of outputs has increased from 
7 to 12.

As shown in Chart 1, the WT for patients in the discharge 
scenario at both second and third emergency levels have 
decreased in comparison with WT for patients in the 
baseline situation.

Discussion
There is not a single answer to the problems that the 
health care industry faces today. Although technology 
and medical advances are being made at incredible rates, 
the process of delivering care is still inefficient where 
wait delays and cancelations occur regularly. Hospitals 
have responded by adding resources such as more beds, 
larger facilities, and increased staff to mitigate the 
delays but have found this alone is not the answer.[20,21] 
According to Haraden and Resar, the answer is believed 
to lie within understanding the patient flow as a system 
challenge, and improving ways so as to patients are 
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able to receive timely care which is in line with our 
results.[22] Overcrowding in the ED creates delays, and 
as Han et  al. have found, and causes patients to leave 
without seeing a physician, decrease patient satisfaction, 

increase patient pain and suffering, and negatively affect 
the quality of care provided. Olshaker and Rathlev in a 
study similar to ours considered the inability to transfer 
emergency patients to inpatient beds or free up the ED 

Figure 1: The patient tracking in the emergency department (ED) of Al-Zahra Hospital

Table 2: Comparison of existing status with the implementation of the “Discharge Unit” scenario
Service stationSecond levelThird level

The present situationImplementation of the 
“Discharge Lounge” 

scenario

The present situationImplementation of the 
scenario

Average 
waiting time for 
patients (min)

QueueAverage 
waiting time for 
patients (min)

QueueAverage 
waiting time for 
patients (min)

QueueAverage 
waiting time for 
patients (min)

Queue

Discharge station with personal 
satisfaction before completing 
the treatment process

2757/80149.5909067.4585140.58650

Discharge station with personal 
satisfaction after completing 
the treatment process

4063/56043.7918014.5931013.22420

Table 1: Patient checklist in the emergency department (ED) of Al‑Zahra University Hospital
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beds as the most important factor causing overcrowding 
in the ED.[23]

Discharge lounges/units can help bridge the gap between 
acute admission and return to the community and also 
expedite the intake of new admissions as beds are freed 
up.[24] We have now evidence that discharge lounges/units 
may have the following positive effects: Allow beds to be 
freed sooner, therefore, increasing capacity; help ease the 
collection of patients for transport; help in the delivery of 
medication to patients to take home.[25]

The discharge unit requires space in the hospital as 
any other unit or ward would. Specialized discharge 
coordinators can also be a part of the unit and begin 
planning for the patient’s discharge on admission. Patients 
can stay in the unit until their transportation arrives.[26,27]

According to Khare et  al., computer simulations are 
considered to be a promising tool that provides a method to 
study and improve processes without affecting patient care 
or needing significant monetary investments.[28,29]

The use of simulation is growing and is seen as a powerful 
tool within the health care industry being able to model a 
wide range of topic areas and answer a variety of research 
questions. However, it is still yet to be seen the effects 
and true value of modeling such processes due to the lack 
of model implementation on the real system. A  similar 
problem that we had faced during our study.[30]

Using simulation will not guarantee real‑life results but 
provide an approach to tackle the inefficiencies that plague 
our health systems today.

Shim et al. conducted a study regarding computer 
simulation that models the patient discharge process and 
evaluates the effects, which the changes would have 
on the time taken in the process and the utilization of 
resources involved in the process. The simulation results 
on the time taken in the process demonstrate that the RFID 
system can shorten patient wait times, staff busy times, 
and bed occupation times, while the discharge lounge 
can significantly shorten bed occupation times which is 
congruent with our study.[31]

As the admission/discharge process is a multifactorial 
problem involving many different input variables and 
processes such as ED and non‑ED admission rates, 
discharge hours, waiting for bed queue, and length of 

stay (LOS) distributions, a discrete event simulation (DES) 
software was used. June et al. showed that the use of DES 
provides a flexible means to model, analyze, and understand 
dynamic systems. DES software is also considered as a 
research technique that is able to ask what‑if questions 
and test different process scenarios while assessing the 
efficiency of the health care process.[32] Of course, in our 
study we used Arena software as a simulation tool, the 
results achieved from preplanned scenarios were, to some 
extent, in accordance with the previous studies.

Conclusions
Based on our experience, an appropriately designed 
discharge unit can help improve the efficiency of the 
discharge process. By approaching the issue in a proper 
way, we believe that the ED and admissions will be 
able to maximize hospital bed count, staff will endorse 
the process, and patient satisfaction will be high during 
this final patient interface in the cycle. We conclude that 
discharge lounge can be utilized to streamline patient flow, 
increase availability of bed space for new patients, mitigate 
health complications in the ED, create higher revenue, 
and increase client. In fact, the simulation results on the 
utilization of resources in the present study suggest that the 
discharge lounge can significantly mitigate the nurses’ tasks 
in the process. So, the authors support the implementation 
of the discharge lounge to improve the patient discharge 
process in the hospital. A  well‑designed, multicenter study 
such as ED process‑mining, however, will help make the 
matter more transparent.
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