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Background: The provision of manpower is one of the effective factors on the 

improvement in the coverage of health services and the realization of the 

highest community health level and a considerable part of the health budget is 

devoted to the production and update on human resources. Therefore, the 

current study aimed to estimate the number of nurses required in the Emergency 

Department (ED) of Imam Ali hospital based on the proposed method of the 

World Health Organization, in which the manpower is calculated based on the 

workload Workload Indicators of Staffing Need (WISN). 

Methods: This was a cross-sectional descriptive study. The study population 

was all the nurses working in the emergency department of Imam Ali hospital 

affiliated by Alborz University of Medical Sciences and their duties in the 

hospital which was performed using the proposed method of the World Health 

Organization i.e. WISN in 2018. Determination of their duties and the time and 

number of times for performing them were carried out during the group 

discussion session through Delphi method.  

Results: Based on the research findings, 40 standard nurses were 

calculated. The studied hospital had 4 nursing staff shortages. The working 

pressure ratio is 0.91in this study. 

Conclusion: In the current study, the nursing staff shortage is observed and 

this shortage caused a high working pressure on the nurses working in the 

study area. Considering the vital role of nurses in the emergency 

department, it is recommended to employ and distribute the manpower 

based on the requirement and workload in the department. 
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Introduction 
nadequate or inappropriate distribution of 

hospital beds leads to the inappropriate 

distribution of all medical equipment and human 

resource, resulting in inadequate quality of service 

and health care, long waiting times for patients and 

clients, and ultimately reduced community trust in 

the health system services. The high cost of creating 

and equipping hospital beds along with the time-

consuming process of building and establishing a 

hospital will require careful need analysis and 

planning of the optimal number of beds for the 

coming years (1, 2). Proper utilization of these beds 

will require careful needs analysis over the coming 

years to ensure that these resources are appropriated 

and allocated according to the actual need that exists 

and that they follow scientific and rational 

principles for appropriate planning (2-4).Obviously, 

structures designed to respond to health issues in the 

past are not well suited to meet present needs and 

certainly future needs, soproper planning and 

exploitation of costly facilities in this area will 

require future planning for creating resources to 

provide health services more effectively and 

efficiently. This is why in many cases a significant 

number of beds are left unused due to lack of proper 

planning and management (5, 6). 

It is estimated that the creation of any hospital 

bed would cost the government between 200 and 

600 million Tomans between 2011 to 2015, 

depending on the type of bed, the type of hospital, 

and the geographic area. The heavy cost of creating 

and equipping hospital beds, along with the time-

consuming process of building and establishing a 

hospital, necessitates the careful planning of the 

optimal number of beds for the coming years. 

Proper exploitation of these beds will require careful 

needs assessment over the coming years to ensure 

that these resources are appropriated and allocated 

according to the actual existing needs and that they 

follow scientific and rational principles for 

appropriate planning (7, 8). The emergency 

department is known as one of the most complex 

and sensitive units in the hospital that requires a 

great deal of coordination in terms of human and 

material resources. In other words, resource 

planning is one of the most challenging issues in the 

field of hospital management. On one hand, the 

reason can be attributed to the provision of 

specialized diagnostic and therapeutic services in 

this sector, and on the other hand, it can be 

attributed to the high levels of crowdedness and 

referrals to this sector which emphasized the 

problems of the emergency department and the 

necessity of providing its resources appropriately 

and consistently (7, 8). In recent years, there has 

been a great deal of research on emergency planning 

resources, most of which has focused on planning 

the number of physicians in the emergency 

department, while the number of beds needed and 

the need to estimate them is also of great importance 

to the population covered, and how this decision is 

made has a significant impact on both the quality of 

hospital care services and the efficiency of service 

delivery systems (9-13).In recent years, extensive 

efforts have been made to design new and 

comprehensive models to determine optimal 

hospital bed numbers and a variety of approaches 

have been used to model and evaluate hospital beds. 

Some of these approaches include the use of 

regression modeling, ideal planning model, Poisson 

flat occupancy model, and simulation models. 

Meanwhile, simulation models can take into 

consideration different scenarios for decision 

making. In other words, a simulation is an 

appropriate tool for evidence-based decision making 

in complex, dynamic and changing systems such as 

the health system, through which an effective, 

evidence-based solution can provide the appropriate 

solution to the current situation (14-16). 

In the present study, due to the numerous 

problems caused by the imbalance in the supply of 

hospital beds in emergency departments, it is 

decided to conduct a study to estimate the number 

of beds required in the emergency department of 

teaching and therapeutic hospital depending on 

Qazvin University of Medical Sciences by 2021 

using dynamic systems modeling.  

Materials and Methods 

The purpose of this study is to apply simulation 

modeling using dynamic systems. The research 
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setting was the emergency department of Qazvin 

University of Medical Sciences. The university has 

6 teaching hospitals, all of which have active 

emergency departments and a total of 110 

emergency beds with occupancy rates above 80%. 

In relation to the present study, the sources of 

information used include Qazvin University of 

Medical Sciences databases, monthly and annual 

emergency department reports of the studied 

hospitals and recorded statistics and information on 

emergency department performance indicators 

including mean time assignment of the patients 

under 6 hours and the average time of patients 

leaving the emergency department under 12 hours 

which are recorded in the Quality Improvement 

Office of these centers as well as additional 

information recorded in the HIS system of 

hospitals.Before referring to these sources for data 

collection, the researcher first reviewed the 

literature and similar studies on a set of factors 

affecting demand for hospital emergency 

department beds in local and foreign databases  

including SID, IranMedex, Google Scholar, 

PubMed, and Scopus using keywords such as 

influencing factors, demand, emergency 

department, length of stay, and Persian terms 

including effective factors, demand, emergency 

department, hospital, bed occupancy and the 

patient length of stay to get a comprehensive list of 

factors affecting the number of beds needed  

which were identified and summarized in various 

studies and to provide a basis for modeling the 

dynamic system.After adjusting the list of factors, 

five professors of health management and 

policymaking in the health sector were discussed 

and their views on the relevance and importance of 

these factors were obtained and applied to the 

initial list. In this regard, each of the experts was 

asked to rate the factors identified in the literature 

review stage on a scale of 1 to 5 on each relevance 

and importance index. Then, after obtaining all the 

experts' opinions and summing up the scores, 18 of 

the top priority were selected and entered the data 

collection stage of the study.The list was then used 

by the researcher as a data collection checklist and 

as a tool for gathering research information. Also, 

since the modeling criterion is to obtain the 

required data for at least five years before the start 

of the study, this checklist has the capability of 

recording data for each year from 2011 to 2015.At 

this stage, considering the set of final factors for 

modeling and the data obtained from them, the 

possible relationships between the variables in the 

form of a stock and flow diagram in the Vensim 

software environment are used to model the 

dynamical system (17). 

The researchers also used a dynamic hypothesis 

that sought to define the problem to plot the cause-

and-effect diagrams of the variables. The research 

methodology in the first phase of the study consists 

of the problem definition, hypothesis making, 

modeling, and validation steps. In other words, the 

modeling steps in system dynamics analysis are as 

follows. 

• Identification and defining the problem 

• Drawing reference charts 

• Defining the major variables in the problem 

• Defining the relationship between variables 

• Drawing cause-and-effect diagrams between 

variables 

• Defining model boundaries 

• Building flow-repository charts for models 

• Model implementation 

• Model validation 

After identifying the problem, defining the 

problem variables, determining the relationship 

between them and plotting the cause and effect 

diagram, the researcher drew the stock and flow 

reference figures. This diagram, as a pattern of the 

behavioral model, helps to validate the model on 

one hand, and on the other hand, by recognizing 

the behavioral pattern of important variables and 

some accumulations, it could be effective in the 

process of modeling and selecting variables.The 

period chosen to evaluate the trend of change in 

variables was also selected by the researcher for 5 

years. Variables for which reference charts are 

plotted include mean bed occupancy time, usability 

of current beds, bed return interval, mean age of 

referral population, bed distribution among 

different medical specialties, type of hospital, 

geographical area covered, waiting time for the 
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patient, hospital budget, population growth rate, 

number of dispatches, and emergency department 

performance indicators.These variables were first 

determined through literature review and library 

review and were used as a baseline for studying 

experts' opinions, including two faculty members 

of the Department of Health Services 

Management, two members of executive staff of 

the Qazvin University of Medical Sciences and an 

expert from the Ministry of Health and Medical 

Education, and their opinion were used to assess 

the importance and necessity of the variables and 

to add or modify them.Literature review and 

research background, as well as expert opinions, 

were used to extract major variables affecting  

the demand for emergency beds and to determine 

the relationships between them. Also, at this  

stage, the researcher, based on the casual loop 

system of 5 and by the cause-and-effect 

relationship of the reference behaviors to each 

other, found out why and how each variable 

behaved and then completed the relationships 

among the variables (17). 

Then the mathematical relationships in the 

diagram were made by differential equations 

which were solved numerically by simulation in 

the Vensim software. After determining the 

mathematical relationships in the model and 

writing the functions and its equations, it was 

time to run the model. Finally, the model's 

validity and reliability were tested using a model 

behavior test. Furthermore, study data was 

collected from hospitals and curative deputy after 

receiving the ethical code from ethics committee 

of Qazvin University of Medical Sciences. This 

study is the result of a research project with the 

code of ethics IR.QUMS.REC.1396.268, which 

has been presented as a thesis in the field of health 

service management in Qazvin University of 

Medical Sciences. 

Results 

The variables of the present study were collected 

through library studies, review of emergency 

department reports, and interviews with experts, 

which have been shown as a cause-and-effect 

diagram concerning the research problem (18-34). 

After reviewing the data collection environment 

and sometimes due to insufficient data in the study 

period on some of these variables, some of them 

were removed or replaced by experts as shown in 

Table 1.  

The cause-and-effect diagram of the variables 

affecting the estimation of beds in the emergency 

department is illustrated in Figure 1. 

As illustrated in Figure 1, hospital goals 

influence management performance and this factor 

affect hospital performance indicators. For 

example, the status of these performance indicators 

impacts the average patient waiting time and 

shapes patients' experience of the services and care 

provided at these centers. In other words, the 

patient's waiting time is one of the factors affecting 

his or her satisfaction and the experience he or she 

receives from the hospital. Here is the 

accumulation-flow diagram of the research 

problem. 

In this chart, the number of beds needed is 

considered as a state variable that uses the rate 

variable of the number of people admitted to the 

hospital who need to be admitted to the emergency 

department. The community health variable is also 

the rate variable for the variable number of clients 

requiring hospitalization. In this form, the 

positive/negative sign on each bow indicates an 

increase or decrease in the relationship between the 

two variables. The positive sign indicates that the 

increase in one variable causes the increase in the 

other variable, while the negative sign indicates 

that the increase in one variable causes a decrease 

in the other variable. For example, the higher the 

budget allocated to the hospital is, the higher  

the cost will be allocated to the implementation  

or development of hospital beds, including 

emergency beds, which can be an effective factor 

in estimating the number of beds needed in the 

emergency department. Slow. On the other hand, 

the number of patients sent to the hospital is 

directly related to the need for a temporary 

hospitalized bed to provide emergency services 

and care for patients and clients. 
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Model structure validation 

A) Border adequacy test 

The question to be considered in the boundary 

adequacy test is whether all important concepts 

related to the problem are included in the model. 

The proposed model of this research has been done 

based on literature review, investigating each 

hospital's documents and interviews with experts 

and all key variables of the model have been 

reviewed, removed or added and confirmed by 

their importance in influencing the number of 

beds needed to enter the model. Also, the 

importance and the necessity of all the defined 

variables have been discussed in meetings with 

the experts that the variables within the model are 

the result of the final confirmed variables.Another 

question of the border adequacy test is whether 

the behavior of the model changes dramatically 

after deleting the boundary assumptions. To 

check this case, some variables must be 

eliminated and the model conditions checked in 

their absence. Figure 2 illustrates the impact of 

eliminating the “hospital budget” factor. This 

factor affects the cost of buying a bed. One of the 

determinants of the number of beds that can be 

assigned to each ward is the hospital funding and 

the higher levels of licensing given to that 

hospital by the Department of Health and the 

Ministry of Health. If the hospital needs more 

beds but the hospital budget does not allow, as 

well as other funding sources were unable to 

cooperate, the new bed allocation plan will fail 

even when needed. On the other hand, the 

hospital, considering this set of factors, decides 

whether it wants to maintain or repair the existing 

bed, which will also affect the number of beds to 

be provided.As the figure above shows, removing 

the budget from the system harms the system. The 

lack of funding, which is one of the main factors 

needed to create a new bed, can discourage the 

hospital from doing so. 

Figure 3 illustrates the effect of removing the 

“Hospital Emergency Performance” factor. Not 

paying attention to the performance of this section 

and thus not attempting to improve it can have a 

significant negative impact. 

The performance indicators of the emergency 

department of the hospitals under study have a 

direct impact on patients' experience and their 

waiting time. These indices also affect many 

processes and consequence indices, and can 

ultimately be a manifestation of bed shortage or 

overgrowth. These indicators also determine the 

type of department personnel performance and 

equipment performance, the efficiency of utilizing 

the department's facilities, and indicate whether 

proper planning is occurring or not. Consequently, 

with the improvement of performance indicators, 

there is also an expectation for improvement in the 

overall performance indicators of the hospital, 

including internal indicators such as the number of 

beds in different departments. 

B) Structure Evaluation Test 

The purpose of the structure evaluation test is to 

check the conformity of the model structure with 

the knowledge of the system and determine the 

rationality of the decision-making rules in shaping 

the behavior of the variables and the correct 

structure of the model equations. In this model, if 

there is an increase in the number of hospital visits, 

an increase in the number of emergency room 

admissions will occur, which will consequently 

require more beds to meetthis demand. This 

increase, in turn, will affect other parts of the 

hospital, including inpatient rooms, operating 

rooms, and intensive care units, and will change 

the planning for proper allocation of resources to 

these units. Since the model equations in this study 

are written in the Vensim software environment, 

the correctness of the model equations structure 

was verified by the software. 

C) Sensitivity analysis test 

After simulating and observing the behavior of all 

the variables and model components in the 

aforementioned interval, the sensitivity analysis test 

examines whether the change in the different model 

variables affects the main variable which is the 

number of beds required or not. In this section, with 

the change in bed management factor, the effect on 

overall hospital performance is examined, and the 

corresponding results are shown in Figure 4. 
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Based on Figure 4, the effect of poor management 

and, consequently, the poor performance of 

emergency department performance indicators 

initially did not show a significant effect. However, 

from a specific point of time, the malfunction in the 

management has shown a significant effect and the 

system has been experiencing a decline in 

performance. Improper planning and exploitation of 

the human resource, equipment and facilities are part 

of the mismanagement that will cause serious 

problems for the system. 

Scenario building 

Among the study variables, some of them such 

as patients’ assignment promptly or making  

appropriate decisions regarding bed management, 

were considered as scenarios and their effects on 

the final model were measured. 

In Figure 5, five scenarios are plotted (based on 

the scenarios in Table 2). Considering the above-

mentioned contents and the identified compounds 

for each scenario, scenario 3 was selected with 

120. Higher or lower of this number, considering 

the available space in the emergency department of 

the hospitals under investigation, and regarding the 

potential for growth and improvement of service 

delivery and thus increase hospital productivity, 

indicated the fact that long-term profitability will 

not be provided.  

Table 1. Factors affecting the number of beds needed in emergency departments 

Definition Variable Row 

The average length of time a bed occupies with a patient Average bed occupancy time 1 

To what extent beds available inward are usable and to what extent they 

are outdated and worn ( unusable )  

Usability of the current bed 
2 

The cost of setting up a bed for the investor Bed fee 3 

The period that the bed is occupied for the hospitalization of one patient 

until it is provided for the subsequent hospitalization of another patient 

Bed return interval 
4 

Percentage of assigned patients within 6 hours, Percentage of patients 

discharged from hospital emergency within 12 hours, Mean duration of 

triage at each level 

Emergency department 

performance indicators 5 

The number of people covered by each hospital according to the defined 

geographic area 

The population covered by each 

hospital 6 

These are services such as laboratory services, radiology, etc., which 

require the patient to be hospitalized to do them 

Hospital diagnostic and 

paraclinica lfacilities 7 

The type of hospital is considered as public or specialized Type of hospital 8 

Due to the lack of an empty bed, the patient has to wait until the bed 

becomes empty and ready for the patient's hospitalization 

Patient waiting time 
9 

Percentage increase in Qazvin population covered by the studied hospitals 

during the study years 

Population growth rate 
10 

The average number of patients admitted to the emergency department of 

each hospital studied 

Average inpatient admissions in 

hospital emergency departments 

understudy 
11 

The number of patients being transferred to another hospital for any reason Number of dispatches 12 

The number of funds allocated to the hospital Hospital budget 13 

Status of health indicators in the region Population health rate 14 

Patient satisfaction or dissatisfaction with hospital services Patient experience 15 

The mean age of population referred to hospital emergency department Average population age 16 

The status of hospital beds regarding the medical specialties Bed distribution among medical 

specialties 
17 
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Table 2. Impact Factor Research Scenarios 

Scenario 5 Scenario 4 Scenario 3 Scenario2 Scenario 1 Variable 

0.7 0.9 1 0.8 0.7 Usability of the current bed 

585 570 545 500 600 Bed fee 

0.9 0.87 0.87 0.9 0.9 Emergency performance 

2 1 0 0 3 Patient waiting time 

1 2 2 3 1 Bed management 

 

 
Figure 1. Diagram of the cause and effect of the research problem 

 

 

Figure 2. Impact diagram of budget agent removal 
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Figure 3. Impact of hospital emergency performance factor elimination 

 

 

Figure 4. Analysis of hospital performance sensitivity to changes in bed management index 

 

Figure 5. Scenarios tested in the present study 

 

Discussion 

In this study, in order to determine the number 

of beds needed in emergency departments of 

teaching hospitals in Qazvin by 2021, a scientific 

and systematic method in line with the up-to-date 

evidence obtained from other studies and 
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researcheswith the same aim done at successful 

countries in the field of health system and resource 

estimation has been used. In the present study, the 

findings of the study indicate the influence of 

factors such as population of the area covered, 

patients admitted to different triage levels, patients 

admitted to the emergency department, patients' 

waiting time to receive clinical and care services in 

this ward, management style, a set of emergency 

department performance indicators, the type of 

hospital (public or specialized) and the rate of 

transfer of emergency patients to other parts of the 

hospital or outpatient dispatches that were included 

in the modeling. Then, the five different scenarios 

put forward by the experts were examined as a set 

of available strategies, and the results showed that 

it is important to maintain the number of existing 

beds and improve their usability and their 

management. Some of the most significant factors 

include average bed occupancy in the emergency 

department, usability of current beds, cost of 

setting up and equipping each bed, bed turnover 

time, patient waiting time, emergency department 

performance indicators, number of dispatches to 

other hospitals and emergency department visits 

which were all identified as factors affecting the 

number of beds needed in the emergency 

department and were recognized at the modeling 

stage. In a study carried out by Torabipour et al., 

with the aim of planning to determine the capacity 

of hospital emergency beds, factors such as length 

of stay, admission rate, and discharge rate were 

investigated that was much more limited than the 

present study, and in other words, the problem of 

estimating beds has not been looked at in a multi-

aspectapproach. In their study, only the use of 

emergency department services was discussed, 

with emphasis on patient referral rates and 

emergency admissions followed by the number of 

days stayed in the ward (14). Furthermore, in a 

study conducted by Haghdoost et al, (2015), as the 

treatment document of Kerman province, 

calculating the number of beds needed that can be 

supplied was considered as a function area of two 

main variables including economic conditions of 

the area and burden status of the illnesses of the 

area and for modeling, factors such as bed 

occupancy rate, the exploitation of the population 

from bed, average length of stay in hospital was 

taken into account (15). Compared to these studies, 

the present study has taken a more comprehensive 

approach,in a way that bedside considering the 

index of using emergency services and average 

length of stay of patients in the emergency room, 

other factors such as average bed occupancy in the 

emergency department,usability of the current bed, 

patient waiting times, compliance with time 

standards for assignment under 6 hours, and 

physical departure of patients under 12 hours and 

referral to emergency departments were also taken 

into consideration (16). In another study carried 

out by Babaei et al. (2001), the main variables 

studied included the number of hospital admissions 

and the number of beds per day and month, which 

again emphasized the use of emergency 

department services and hospital beds existed 

which did not have the universality of the selective 

approach (18). Studies conducted with similar 

purposes in other countries have also identified 

several effective factors based on which, 

appropriate estimates have been made. For 

instance, Starman and Spaman studied the impact 

of demographic, socioeconomic, and economic 

characteristics on hospital beds throughout the 

United States and sought to examine the impact of 

each of these groups on hospital beds by adopting 

a holistic approach. (19). Moreover, in a study 

done by Bogust et al. average patient length of stay 

and number of admissions were among the factors 

influencing the demand for hospital beds (20). 

Similarly, a similar study conducted by Kumar and 

Mo in Singapore showed that to estimate the 

number of beds needed and allocate the desired 

number to the population, length of stay in the 

emergency department, and data from patient 

admission rates are among effective factors. In 

other words, paying attention to these factors and 

engaging them in making estimations has benefited 

uswith easier obtaining information about them 

and can be more effectively monitored and 

evaluated over time (21).However, an estimate is 

highly reliable when it comes to a multifaceted 
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approach at the issue of determining the resources 

needed for the health sector, in a way that in 

addition to the extent of using health care services 

or resources in the health sector, it could consider 

the health needs of the target community, the 

characteristics of the target community in terms of 

age and sex pattern, the types of diseases 

predominant in them, the type of hospital policies 

and management practices in the hospital (21-25). 

As stated above, the present study sought to use 

the dynamic systems simulation model to estimate 

the number of beds available in the emergency 

departmentto benefit university managers and 

authorities making decisions about resource 

allocation and annual budgeting practices in 

emergency departments of 5 hospitals under study 

by2021. According to the set of scenarios 

presented in the findings section and using the 

optimal combination of the variables identified in 

the study, the results showed that the effective use 

of the existing equipment in the way that they can 

be utilized appropriately alongside the approved 

hospital beds, and also rational planning to 

improve emergency department performance 

indicators, such as assigning patients under 6 hours 

and leaving them physically under 12 hours, using 

existing beds appropriately to reduce the 

unrealistic need for costly hospital resources 

including hospital beds and proper bed 

management so that the admitted patients who 

have a real need for emergency care and temporary 

hospitalization services are all among the factors 

which require serious thought in this regard. 

Various studies have been conducted concerning 

the estimation of the number of hospital beds 

which all have provided feasible findings (26). 

Similar research has been conducted in the country 

or abroad, using other methods for estimating 

hospital beds. The reason for the more limited 

application of dynamic systems modeling in the 

field of health care can be attributed to the relative 

complexity of the model and the lack of sufficient 

expertise in this field to make scientific estimates, 

due to the fact that it was first started in the 

industry and was mostly used in the industry. As 

the advantages mentioned for this method include 

the possibility of considering a diverse set of 

variables together in a model as well as 

considering the dynamics of these variables over 

time, it could be applicable in the country health 

estimations and can yield profitable results for the 

policymakers and decision-makers in this field 

(27). 

In general, various studies have shown that in 

each region, depending on the conditions and the 

set of policies governing the health care service 

center, sometimes the required action to achieve 

the standard level in terms of optimal bed numbers 

is reducing the number of beds or sometimes it is 

increasing the number of beds or it is even 

maintaining the existing beds. But what is needed 

in all circumstances is proper planning for all 

health resources, especially hospital resources and 

hospital beds, in which a significant amount of 

funding is allocated to them (28, 29). Concerning 

the present study, the results showed that there is a 

gap between supply and demand in the number of 

hospital emergency beds. Considering this gap is 

especially important in times of crisis. Patients' 

waiting line and lack of satisfaction with the 

services received due to delays all indicate that 

there is a problem in responding to patients 

because of imbalances in supply and demand in the 

number of beds available. All of this requires 

scientific and evidence-based managerial thinking 

to effectively address existing weaknesses. In this 

regard, several studies have been carried out within 

the country, each of which has suggested strategies 

for optimal utilization of hospital resources, 

especially inpatient beds (30-34). 

In this regard, using scientific tools and methods 

such as computer modeling and simulation along 

with taking into account a set of factors that can 

affect the estimation of the number of beds needed, 

including those in the hospital emergency 

department, make a fact-based assessment in the 

software which helps in practical, effective 

decision-making and prevents many adverse 

effects that ultimately lead to a decline in 

community health (21). 

One of the strengths of this study is the 

application of a dynamic and systematic method of 
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estimating the number of beds needed in the 

emergency department that can provide close-to-

reality estimations by considering a set of 

variables simultaneously and considering their 

changes over time. However, the limitation of this 

method is that it is necessary to have the correct 

data for each of the variables in the time frame 

defined in the research to achieve accurate 

estimates. However, in some cases, this was not 

entirely possible and the research team decided to 

remove those variables or in some cases estimate 

their data in years that no accurate information 

was recorded. 

Conclusion 

Given the improvement in the performance 

indicators of the emergency department of the 

hospitals studied and the reduction of patients' 

waiting time in these units, fewer beds will be 

needed by the end of 2021. This highlights the 

need for special attention to the issue of principle-

based planning and scientific methods. Making 

such decisions, in which the importance of several 

factors are taken into account and interferes with 

the estimates, will result in the effective allocation 

of hospital beds.In other words, establishing 

hospital beds does not necessarily mean efficiency 

and improvement of the level of health of the 

community, so the researcher's suggestion, based 

on the findings, would be using the existing 

resources rationally and practically with a health-

centered approach rather than a disease-centered 

approach, following the rule of the referral and 

grading system of services, strengthening the first 

level of health care services and estimating the 

actual health needs of the population which are 

crucial for deciding whether to build and operate 

hospital beds. 

Acknowledgments  

Authors appreciate all the hospital staff and 

those working in curative deputy who helped us in 

gathering study data. 

Conflict of interests  

The authors declare no conflict of interests 

concerning the present study. 

Authors' contributions 

Rafiei S designed research; Shakuna M 

collected and analyzed data; and Rafiei S wrote 

manuscript. All authors read and approved the final 

manuscript.  

 

References 

1. Ebadi F, Ansari H, Rezapoor A. Study of Daily 

Bed Occupancy Costs And Performance Indexes 

in Selected Hospitalat of Iran University of 

Medical Sciences in2002. Journal of Health 

Administration. 2005; 7(18):37-44.[In Persian] 

2. Belciug S, Gorunescu F. Improving hospital bed 

occupancy and resource utilization through 

queuing modeling and evolutionary computation. 

Journal of Biomedical Informatics. 2015; 53: 

261-9. 

3. Ajami S, Ketabi S, BagherianMahmoodAbadi H. 

Reducing Waiting Time in Emergency 

department at Ayatollah-Kashani Hospital Using 

Simulation. Journal of Health Administration. 

2013; 16(51):84-94.[In Persian] 

4. Holm LB, Lurås H, Dahl FA. Improving hospital 

bed utilization through simulation and 

optimization: with application to a 40% increase 

in patient volume in a Norwegian General 

Hospital. International Journal of Medical 

Informatics. 2013;82(2):80-9.doi: 10.1016/j. 

ijmedinf. 2012.05.006.  

5. Sitepu S, Sembiring P, Mawengkang H. An 

Optimization Model for Integrated Capacity 

Management and Bed Allocation Planning of 

Hospitals. International Journal on Recent and 

Innovation Trends in Computing and 

Communication. 2017; 5(3): 169-73. 

6. Batista A, Vera J, Pozo D. Multi-objective 

admission planning problem: a two-stage 

stochastic approach. Health Care Management 

Science. 2019.doi: 10.1007/s10729-018-9464-4. 

7. Mackay M, Qin S, Clissold A, Hakendorf P, 

Ben-Tovim D, McDonnell G. Patient flow 

simulation modelling–an approach conducive to 

multi-disciplinary collaboration towards hospital 

capacity management. 20th International 

Congress on Modelling and Simulation, 

Adelaide, Australia. 2013; 50-6. 

 [
 D

O
I:

 1
0.

18
50

2/
je

bh
pm

e.
v3

i4
.2

06
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 je
bh

pm
e.

ss
u.

ac
.ir

 o
n 

20
24

-0
4-

28
 ]

 

                            11 / 13

https://www.sciencedirect.com/science/article/pii/S1532046414002408#!
https://www.sciencedirect.com/science/article/pii/S1532046414002408#!
https://www.sciencedirect.com/science/journal/15320464
http://jha.iums.ac.ir/search.php?sid=1&slc_lang=en&auth=Ajami
http://jha.iums.ac.ir/search.php?sid=1&slc_lang=en&auth=Ketabi
http://jha.iums.ac.ir/search.php?sid=1&slc_lang=en&auth=Bagherian+MahmoodAbadi
http://jha.iums.ac.ir/article-1-1288-en.pdf
http://jha.iums.ac.ir/article-1-1288-en.pdf
https://www.ncbi.nlm.nih.gov/pubmed/22698645
https://www.ncbi.nlm.nih.gov/pubmed/22698645
http://dx.doi.org/10.18502/jebhpme.v3i4.2063
https://jebhpme.ssu.ac.ir/article-1-255-fa.html


Estimating Bed Requirements for Emergency Wards of Qazvin Teaching Hospitals Rafiei S et al. 
 

242               Volume 3, Issue 4, December 2019; 231-43 

8. Lapierre SD, Goldsman D, Cochran Rc, DuBow 

J. Bed allocation techniques based on census 

data. Socio-Economic Planning Sciences, 1999; 

33(1):25–38.  

9. Nguyen JM, Six P, Antonioli D, Glemain P, 

Potel G, Lombrail P, et al. A simple method to 

optimize hospital beds capacity. International 

Journal of Medical Informatics. 2005; 74:39–49. 

doi:10.1016/j.ijmedinf.2004.09.001. 

10. Wang F, Wang L, Wang P. Estimation of 

Hospital Potential Capacity and Basic 

Reproduction Number. Abstract and Applied 

Analysis.2014; 11: 1-5. doi: 10.1155/2014/ 

875474. 

11. Allder S, Silvester K, Walley P. 

Understanding the current state of patient flow in 

a hospital. Clinical Medicine. 2010; 10(5): 441-

4. doi: 10.7861/clinmedicine.10-5-441. 

12. Salehi T, DehghanNayeri N, Rashidian A, 

Mohammadi E. Investigating the effect of 

clinical governess approach on patients’ length 

of stay in emergency department: an action 

research study. Acta MedicaIranica. 2014; 

52(2):137-45.  

13. Hatamabadi H, Mohammadi A. Reasons for 

Long-Stay Admission in a Typical Overcrowded 

Emergency of A Teaching Hospital in Tehran 

Capital City. Pajouhandeh.2008; 13(1):71-5. [In 

Persian] 

14. Torabipoor A, Zeraati H, Arab M, Rashidiyan 

A, AkbariSari A, Sazaian MR. A Bed Capacity 

Planning Using Stochastic Simulation Approach 

in Cardiac-surgery Department of Teaching 

Hospitals. Iranian Journal of Public Health. 

2016; 45(9): 1208-16. 

15. AA Haghdoost, H Hashemi, S NooriHekmat, 

M Haji Aghajani, GH Janbabaee, A Maher, AM 

Javadi, S Emadi, H Haghighi, MR Rajabalipour, 

R Dehnavieh, M Ferdosi, HR RashidiNejad, F 

MoeenSamadani, R Rahimisadegh. The 

Geographical Distribution of Hospital Beds in 

Iran in 2016 and the Estimation of 2026, Iranian 

Journal of Epidemiology, 13:1-13. 

16. Langley SA, Fuller SP, Messina JP, Shortridge 

AM, Grady SC. A methodology for projecting 

hospital bed need: a Michigan case study Source 

Code for Biology and Medicine2010; 5: 4.  doi: 

10.1186/1751-0473-5-4. 

17. Forrester, J. W., (1961), Industrial Dynamics, 

Productivity Press, Cambridge, http://www.sfu. 

ca/~vdabbagh/Forrester68.pdf 

18. BabaeiGh, Amani F, Mashoufi M. Estimating 

the number of required hospital beds in different 

department of Ardabil University of Medical 

Sciences. Journal of Tehran University of 

Medical Sciences. 2004; 62(9): 749-55. [In 

Persian] 

19. Stratman M, Spellman M. Estimating Needed 

Capacity of Nursing Home and Hospital Beds: Is 

the Eugene-Springfield MSA at Capacity?. 

Department of Economics, University of Oregon. 

2006; 1-33. 

20. Bagust A, Place M, Posnett JW. Dynamics of 

bed use in accommodating emergency 

admissions:stochastic simulation model. BMJ. 

1999; 319(7203):155-8. doi: 10.1136/bmj.319. 

7203.155. 

21. Kumar A, Mo J. Models for Bed Occupancy 

Management of a Hospital in Singapore, 

Proceedings of the 2010 International 

Conference on Industrial Engineering and 

Operations Management Dhaka, Bangladesh, 

January 9-10, 2010  

22. DoiSh, Ide H, Takeuchi K, FujitaSh, 

Takabayashi K. Estimation and Evaluation of 

Future Demand and Supply of Healthcare 

Services Based on a Patient Access Area Model. 

International Journal of Environmental Research 

and Public Health. 2017; 14(11): 1367. doi: 

10.3390/ijerph14111367. 

23. Finlayson GS, Stewart D, Tate RB, MacWillia

m L, Roos N. Anticipating change: How many 

acute care hospital beds will Manitoba need in 

2020? Canadian Journal on Aging. 2005; 

24(1): 133–40. PMID: 16080130. 

24. Vujicic M, ZurnP, Diallo K, Adams O, Dal 

Poz MR. The role of wages in the migration of 

health care professionals from developing 

countries. Hum Resour Health. 2004;2(1):3. doi: 

10.1186/1478-4491-2-3. 

25. Jafari I, Iraqi, Mahmoudi M. Emergency 

Causes and Consequences in Emergency Sector 

 [
 D

O
I:

 1
0.

18
50

2/
je

bh
pm

e.
v3

i4
.2

06
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 je
bh

pm
e.

ss
u.

ac
.ir

 o
n 

20
24

-0
4-

28
 ]

 

                            12 / 13

https://www.hindawi.com/59451041/
https://www.hindawi.com/84039127/
https://www.hindawi.com/86732150/
https://doi.org/10.7861/clinmedicine.10-5-441
http://irje.tums.ac.ir/browse.php?a_code=A-10-75-2&slc_lang=en&sid=1
http://irje.tums.ac.ir/browse.php?a_code=A-10-75-2&slc_lang=en&sid=1
http://irje.tums.ac.ir/browse.php?a_code=A-10-75-2&slc_lang=en&sid=1
https://scfbm.biomedcentral.com/articles/10.1186/1751-0473-5-4#auth-1
https://scfbm.biomedcentral.com/
https://scfbm.biomedcentral.com/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Doi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=29125585
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ide%20H%5BAuthor%5D&cauthor=true&cauthor_uid=29125585
https://www.ncbi.nlm.nih.gov/pubmed/?term=Takeuchi%20K%5BAuthor%5D&cauthor=true&cauthor_uid=29125585
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fujita%20S%5BAuthor%5D&cauthor=true&cauthor_uid=29125585
http://dx.doi.org/10.18502/jebhpme.v3i4.2063
https://jebhpme.ssu.ac.ir/article-1-255-fa.html


Estimating Bed Requirements for Emergency Wards of Qazvin Teaching Hospitals Rafiei S et al 

 

Volume 3, Issue 4, December 2019; 231-43   243 

and its Reduction Strategies. Journal of Health 

Research. 2016; 1(4): 239-44. [In Persian] 

26. Ataolahi F,BahramiMA, Abesi M, Mobasheri 

F, KhaniSh. Presentation of Ideal Planning 

Model for Hospital Beds Allocation in 

ShahidMohammadi Hospital in Bandar Abbas. 

Journal of Health Care Management. 2014; 

5(1):59-68. [In Persian] 

27. Abbasi A, Nasiri Pour AA, Tabibi SJ, Raeisi 

P. Developing a Hospital Bed Distribution 

Model in Iran.Jorjani Biomedicine Journal. 2018; 

6(2): 60-76. [In Persian] 

28. Pourmahmood J, JafariEskandari M. Ideal 

Planning for Optimal Allocation of Hospital 

Beds (Case Study: Emergency Department of 

Tabriz ShahidMadani Hospital. Journal of 

Operations Research.2019; 16(1): 131-41. [In 

Persian] 

29. Aghamohamadi S, Jahangiri K, Hajinabi K, 

MasoudiAsl I, Dehnavieh R. Foresight for 

Inpatient Beds in Hospitals of Iran: Vision 2035. 

jha. 2018; 21(71): 23-36. [In Persian] 

30. Fullerton KJ, Crawford VL. The winter bed 

crisis – quantifying seasonal effects on hospital 

bed usage. QJM. 1999; 92(4): 199-206. doi: 

10.1093/qjmed/92.4.199. 

31. Zeraati H, Zayeri F, BabaeeGh, Khanafshar N, 

Ramezanzadeh F. Required Hospital Beds 

Estimation: A Simulation Study. Journal of 

Applied Sciences. 2005; 5(7): 1189-91. 

32. Huang XM. A planning model for requirement 

of emergency beds. IMA J Math Applied Med 

Biol. 1995; 12(3-4): 345-53. 

33. Costa AX, Ridley SA, Shahani AK, Harper 

PR, DeSenna V, Nielsen MS. Mathematical 

modeling and simulation for planning critical 

care capacity. Anesthesia. 2003; 58(4): 320-

7.doi: 10.1046/j.1365-2044.2003.03042.x. 

34. Toussaint E, Herengt G, Gillois P, Kohler 

F. Method to determine the bed capacity, 

different approaches used for the establishment 

planning project in the university hospital of 

Nancy. Stud Health Technol Inform. 2001; 

84(2): 1404-8. PMID: 11604958. 

 

 [
 D

O
I:

 1
0.

18
50

2/
je

bh
pm

e.
v3

i4
.2

06
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 je
bh

pm
e.

ss
u.

ac
.ir

 o
n 

20
24

-0
4-

28
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            13 / 13

http://dx.doi.org/10.18502/jebhpme.v3i4.2063
https://jebhpme.ssu.ac.ir/article-1-255-fa.html
http://www.tcpdf.org

