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Abstract 

This work proposes a dynamic bed management model for a public hospital specializing in 

cardiac surgery, giving greater efficiency in services provided. Suggested activities not only 

benefit patients, reducing the length of stay and the risk of death, but also reduce the patient’s 

queue waiting for an outpatient care or surgery. 
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Introduction 

This work refers to the creation of a dynamic model of bed management in a hospital 

specializing in cardiac surgery, with the aim of improving the standard of efficiency and 

effectiveness of the services provided by this institution to the society. The procedures that 

will be proposed will benefit patients by reducing the waiting time for outpatient care or 

surgical, as well as the time of hospitalization, and consequently a reduction in hospital 

mortality index. From the organizational point of view, the implementation of this model will 

provide an improvement in operational procedures, with positive effects on the management 

and quality indicators.  

Given the complexity of this project, the methodology adopted was divided into three 

phases. The first, that we are presenting the results, was focused in identify the ambulatory 

sector flows, to model and simulate the dynamic of this system, while the second phase will 

treat and analyze the characteristics and factors that impact the demand and the supply of 

beds, using, among others, econometric methods and time series methods, like the ARIMA 

models from Box and Jenkins. Operational research methods of optimization will also be 

employed in drawing up the dynamic model of management of beds, as well as the simulation 

for the validation of the proposed model. The third and last phase of the project will address 

the deployment of the new procedures, training of those involved, and monitoring, where the 

necessary adjustments in the computational model will be done. 

The main objective of this first phase is to analyze, with the aid of Modeling and 

Simulation of System Dynamics, the operation of the outpatient sector of a public hospital 

and understanding how the components of this system are related. For this, we performed a 

case study in a public hospital specialized in cardiology, by modeling and simulation the 

dynamics of this system using Vensim 6.1 software. The result of this analysis showed that 
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the variables like availability of doctors and average consultation time have great influence 

on the service capacity, causing an increase in waiting times. 

 

Objectives 

The main objective of this first part of the project is to analyze, with the aid of Modeling and 

Simulation of System Dynamics, the behavior of the outpatient department of a large public 

hospital specializing in cardiology, understanding how the components of this system are 

related. For specific objectives: 

a) The study of the flow of people passing through the areas of outpatient clinics;  

b) The collection of data about discharges, returns and new patient appointments. 

 

Theoretical reasoning 

A model is an abstract and simple representation of the components of a system and how they 

interact. A stochastic model, for example, is that one subjected to the laws of chance, whose 

behavior cannot be predicted or even controlled, and which is subject to randomness. Most 

models used in simulation are stochastic according to Seila, 1995. 

According to Seila (1995) the term "simulation" is often used to refer the 

representation of the dynamics of an object or system and for analysis of any activity that is 

considered too complex. 

For Harrel et al. (2002) “simulation is a tool that validates ideas." It is an 

experimentation process that uses a model which represents a real system and can determine 

how it will respond to environmental changes. The simulation analyzes the impacts of 

environmental change on complex systems and it assists decision makers. 

According Erlich (1985), the simulation is a method of studying systems that uses a 

mathematical model which reproduces the characteristics of a real system. It is not possible, 

according to the author, immediately get answers that will lead to improvement of the system 

being studied. However, it is possible by using the simulation, to perform various 

experiments and tests taking into account the various situations. 

According to Banks e Carson (1984) a system can be defined as a group of objects 

gathered in the form of regular interaction and interdependence, to fulfill a certain purpose. 

The system is affected by changes occurring in the environment in which it operates. 

Some known systems are: hospital, check in airports, telecommunications systems, roads and 

the criminal justice system. These systems are large and complex, so it would be extremely 

difficult and expensive to test them directly. 

According to Sterman (2000), one of the great scholars in this area, System Dynamics 

is a perspective and a set of conceptual tools that allow us to understand the structure and the 

dynamics of a complex system. 

The central concept of System Dynamics is to understand how the objects in a system 

interact, as both objects and people in a system interact through feedback loops, where a 

change in one variable affects other variables. Over time, these changes, in turn, alter the 

original variable, and so on. 

System Dynamics is a technique in which, nonlinear, dynamic and complex social 

systems can be understood and analyzed through interactions. In addition, new structures can 

be designed to improve the system’s behavior according to Mohapatra et al.,1994. 

Ogata (1998) says that a system is dynamic whether its present behavior depends on a 

past excitation. If this reply just relies on a current excitation, then the system is called static. 

In a static system, the answer will remain constant while the excitation does not vary. 

According to Sterman (2000) the method for troubleshooting or optimizing processes 

provides a very useful tool called Dynamic Simulation. Using this method represents a new 

milestone in the field of process improvement. The possibility to simulate, using statistical 
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factors, the natural variability of the parameters of a process and getting results can show the 

horizon of the entire operation for a certain period. 

According to Villela (2005) the main models to represent the System Dynamics are 

Causal Diagrams and the Stocks and Flows Models. Causal Diagrams are great to 

qualitatively represent the components of a system, while the Stocks and Flows Models are 

ideal for quantitatively expressing the relations of cause and effect. 

According to Sterman (2000) “stocks” are accumulations in the system. They feature 

a state and generate information which will be used as a basis for decisions and actions. 

Stocks give the system inertia and memory to provide them. Stocks create delays (time 

intervals) by accumulating the differences between inflows and outflows. By separating the 

flow rates, stocks are the source of dynamic disequilibrium systems. 

Sterman (2000) says that stocks and flows are quite common and familiar. Some 

examples are: a) The property created by manufacturing companies composing the product 

inventory in their warehouses; b) The number of employed people by a business is also a 

stock; c) The balance of a bank account is a stock. 

The stock of a company grows according to the flow of production and decreases 

according to the flow of shipping products. For example, worker productivity grows 

according to the hiring rate and decreases according to the rate of layoffs and retirements; the 

bank account of someone grows according to the number of deposits made and decreases 

according to the withdrawals made. Stocks are therefore altered by flows of entry and exit. 

According to Villela (2005) five basic elements make up a Stock and Flows Model: a) 

Variables: represent the parameters of the system, which may also take constant values; b) 

Flows: indicate the transport of resources (water, money, people, etc.) and are controlled by 

flow equations, being represented graphically by an icon that looks like a tap on a pipe. They 

are measured in any units of a quantity per unit of time; c) Stocks: represent accumulations of 

resources. They are special variables whose current state depends on what happened in the 

previous time period; d) Information: are represented by simple trace arrows and explain the 

relationships between system components; e) External Source: is represented in the form of a 

"cloud" and indicates that the analysis of the source from which the appeal derives is not 

interesting for that model. 

 

Figure 1 explains the interaction between these components of the model. 

 

 

 
  

 

 

 
Figure 1 – Representation of the Stock and Flow model 

 

For the technical implementation and consolidation studies theories and hypotheses using 

software is essential. Among existing software, one of the friendliest is Vensim, which, 

according to its manual, is dynamic simulation software used to develop, analyze and 

produce models and simulations based on systemic causal relationships. The models are 

constructed graphically or with text editors. 

 

Methodology 

Due to the characteristics of this research, a case study was conducted in a public hospital in 

São Paulo in order to collect data relating to the flow of people, the number of new 
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consultations, returns and discharges. To proceed with modeling and other studies, as well as 

to achieve the proposed objectives, primary data were collected and several in-depth 

interviews had to be conducted to understand about the operation of clinics. 

 

Results 

The Clinic studied is divided into two parts: the General, which is the gateway to the patients 

at the Clinic, and whose focus is to provide an initial treatment; and the Specialties, which 

aims to proceed with the treatment of those patients who did not receive discharge from the 

General Clinic. Patients may be brought by SUS (Public Health System) in the State of São 

Paulo, and all medical consultation have appointed day. 

Initially, a new patient will enter the General Clinic. On the appointed day, he must go 

to the entrance booth, fill out his registration form to then go to the waiting room. After the 

consultation, the patient should return to the booth and take a card in which the information 

will be the next steps of treatment. Generally, the doctor asks some exams that can be done at 

the Clinic itself, so that the patient brings them in return visits. There is a booth to enter, two 

to request the return, registration or discharge; and five consulting rooms. 

The return follows the same dynamics of the new consultations. Upon arriving at the 

General Clinic the patient goes to the booth, where his record is prepared and he goes to the 

waiting room. With this consultation returns the doctor shall certify, based on the exams, 

which the patient's specific problem. If he can be treated at home, the patient will receive a 

medical discharge, otherwise it will be placed in the hospital and follow their treatment at the 

Specialties Clinic. In some cases, further tests are required and the patient should return. 

Once registered, the treatment will follow in the Specialties Clinic, where the aim is to 

serve patients in different rooms depending on his specific problem. This clinic has 19 

specialties and follows the same dynamics of the General: the patient arrives with an 

appointment, opens a record at the counter and waits in the waiting room; after being 

examined, he goes to a booth at the entrance of the clinic and takes the record that contains 

the information of the next steps. 

There is also the possibility to return to the General Clinic. Depending on the severity 

of the patient's problem, the doctor may request that he perform other exams, or even submit 

the patient to the surgery center. In this case, after surgery, the patient should mark a return to 

tracking. If the patient does not present more diseases, he gets discharged from the Clinic. 

Appendix A illustrates the flowchart of the whole clinic. To perform the Causal Diagram, the 

main variables that make up the two parts of the clinic were raised. 

The following variables were considered for modeling the General and the Specialties 

Clinic: a) The number of patients, b) The frequency of patient arrivals at the booking office; 

c) The size of the queue at the booking office; d) The waiting time in line at the booking 

office; e) The number of booking office available; f) The attendance frequency in the booking 

office; g) The attendance frequency at consultations; h) The consultation duration; i) The 

waiting time in the booking office; j) The number of physicians available; k) The waiting 

time for return; l) The number of returns; n) The number of discharges; o) The number of 

registration; p) the number of hospitalizations (for Outpatient Specialty only). 

From the analysis of the variables and their relationship was built Causal Diagram of 

the complete system (Appendix B) using Vensim 6.1 software. 

The Stocks and Flows simulation model was divided into two parts. Initially, a 

“macro” model was constructed contemplating entry into the General Clinic (discharges, 

consultations, and returns in the General Clinic) and Specialties Clinic (registrations and 

patient flow between these components). Stocks were also created indicating the number of 

patients waiting returns (Appendix C).  
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The model starts with the entry of new patients into the system, coming from SUS by 

the flow called "Arrival at General Clinic" that ends in the stock "Waiting Gen. Clin." with 

the flow "Return to Gen. Clin.". Thereafter, the output flows of this stock are divided into 

three: a) "Appointment Gen. Clin. (discharge)": accumulates the patients who received a 

medical discharge in stock "Discharged from Gen. Clin."; b) "Appointment Gen. Clin. 

(return)": transports patients to the stock "Waiting Return Gen. Clin.". This stock will be 

emptied so that the flow "Return to Gen. Clin." send patients to "Waiting Gen. Clin."; c) 

"Appointment Gen. Clin. (registration)": sends patients in stock "Waiting Gen. Clin." to the 

stock called "Registration".  

From the stock "Registration" it comes the field of Specialties Clinic, which follows 

the same dynamics of the General. The flow "Arrival at Spe. Clin." fills the stock "Waiting 

Spe. Clin." as well as the flow "Return Spe. Clin.". Two flows are resulted from that stock: a) 

"Appointment Spe. Clin. (return)": feeds the stock "Waiting Return Spe. Clin." which will be 

emptied by the flow "Return Spe. Clin."; b) "Appointment Spe. Clin. (discharge)": feeds 

"Discharge Spe. Clin." that indicates how many patients were discharged from the Specialties 

Clinic. 

Stock "Discharge Spe. Clin." leaves a flow called "After discharge Spe. Clin." that 

accumulates patients in "Waiting Spe. Clin." but it does not exhaust those stocks, since these 

patients have as well been discharged. This point is illustrated by the symbol of "cloud" 

positioned between the outflow and the stock box. In "Registration", this fact is also 

observable, since patients do not cease to be registered when they enter the Specialties Clinic. 

This model has its temporal unit as days and the period of the simulation will be of a year 

(252 work days). The data were collected from the hospital’s database, and all data of 

incoming to the outpatients have been compiled from January to September 2013, as shown 

in Table 1. 
 

Table 1 – Data of patients incoming 

 

Jan Feb Mar Apr May Jun Jul Aug Sep 

Work days 22 19 20 22 21 20 22 22 21 

Total in GOC 2,102 1,772 2,005 2,356 2,296 2,075 2,177 2,254 2,245 

New in GOC 1,872 1,578 1,785 2,098 2,045 1,848 1,939 2,007 1,999 

New per day 85 83 89 95 97 92 88 91 95 

Returns to GOC 230 194 220 258 251 227 238 247 246 

Returns per day 10 10 11 12 12 11 11 11 12 

Total in SOC 11,460 9,708 10,528 11,960 10,977 10,781 10,504 12,079 10,515 

New in SOC 1,627 1,378 1,495 1,698 1,558 1,531 1,491 1,715 1,493 

New per day 74 73 75 77 74 77 68 78 71 

Returns to SOC 9,242 7,829 8,491 9,646 8,853 8,695 8,471 9,742 8,480 

Returns per day 420 412 425 438 422 435 385 443 404 

After discharge from SOC 591 500 543 616 566 556 541 623 542 

After discharge per day 27 26 27 28 27 28 25 28 26 

 

The stocks equations were defined by the subtraction between its output and input 

flows, and the initial value in each of them was assigned as zero. Once that the simulation 

unit time is one day, the number of new consultations and returns in both clinics and after 

discharge from Specialties Clinic, all the data have been converted for this unit in order to 

calculate the means and standard deviations, as shown in Table 2. 
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Table 2 – Outpatients data - Means and Standard Deviations 

Outpatient type  
Mean 

Standard 

deviation 

General Clinic 
New per day 90.8 4.8 

Returns per day 11.2 0.6 

Specialty Clinic 

New per day 74.0 3.2 

Returns per day 420.3 18.2 

After discharge per day 26.9 1.2 

 

For flows Arrival and of Return to the General Outpatient Clinic, we assumed normal 

distributions of probabilities, considering minimum and maximum values among months, 

mean and standard deviations. 

The equations of outflows were taken from the stock of "Waiting" of General 

Outpatients Clinic (the blue arrows in the model indicate the variables used in the equation). 

These parameters of exit were collected from the database of the hospital and are available in 

Table 3.                   
Table 3 – Exit from General Outpatient Clinic 

Exit General Outpatient Clinic Percentual 

Discharge 49.93% 

Registration 26.88% 

Return 23.11% 

                                                  

In Specialty Outpatient Clinic (SOC) the flows "Arrival at SOC", "Return to SOC" 

and "After discharge at SOC." assumed normal distribution. As for the arrival and return to 

SOC, the equations were satisfied with the minimum and maximum values of the events, 

their means and their standard deviations. 

The exit flows from the stock "Waiting for SOC." have been modeled by multiplying their 

respective rates of occurrence (Table 4) by the number of patients in that stock. 

  
Table 4 – Exit of Specialty Outpatient Clinic 

Exit of Specialty Outpatient Clinic Percentual 

Discharge 2.58% 

Return 97.42% 

          

After the simulation, Vensim software has generated graphics showing how stocks 

react. In the stock for "Waiting for GOC” for one year there are an average of 100 patients 

per day that enter and leave of the General Outpatient Clinic and about 90 are of new 

consultations. 

The dynamics of the stock at the General Outpatient Clinic in one year reveled that 

approximately 12,500 patients were discharged from this outpatient clinic. 

The General Outpatient Clinic attends per year about 3.000 return cases of patients, 

and around 7,000 patients per year were enrolled to follow treatment in Specialties Clinic.        

On average of 500 patients are consulted per day in the Specialties Outpatient Clinic, 

of those, over 400 are returns. 

Unlike of the General Outpatient Clinic, the Specialties Outpatient presents a small 

number of discharge medical, in one year, nearly 3,400 patients are released. Therefore, the 

accumulation of patients waiting return is large. 
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In a second model, this time "micro", it was inserted flows of patient waiting, which 

means that the queues, the attendance in the booths and waiting rooms where patients await 

consultations were explained. Basically, this smaller model exposes the functioning of the 

stocks “Waiting Gen. Clin." and "Waiting Spe. Clin." (Appendices D and E). The total 

simulation period is one work day (600 minutes). 

In this case, the auxiliary variables used were the average waiting times in these 

locations, according to a normal probability distribution. For this simulation, the times were 

calculated by cronoanalysis made at those locations. The data assembled is presented in Table 

5. 

 
Table 5 – Waiting times 

  

Queue Booth Waiting room Consultation 

General Clinic 

Mean 00:07:05 00:02:23 01:07:28 00:22:08 

Deviation 0.00187 0.00073 0.02034 0.00746 

Minimum 00:00:00 00:01:13 00:29:42 00:09:12 

Maximum 00:11:28 00:05:50 01:59:25 00:45:13 

Specialties Clinic 

Mean 00:03:56 00:01:12 01:21:42 00:29:51 

Deviation 0.00310 0.00039 0.02745 0.01220 

Minimum 00:00:00 00:00:35 00:24:03 00:06:30 

Maximum 00:11:25 00:02:02 02:40:01 01:09:40 

 

The dynamics of stock "General Waiting Room" shows that approximately 100 

patients will be attended daily in the General Clinic. 

The same steps were performed for Specialties Clinic and to the dynamics of stock 

"Specialties Waiting Room". 

Table 6 shows the waiting times considered for the first simulation model of this 

"micro" reduced by 10%, only to allow a preliminary estimative of what would happen with 

the system if waiting times are possible to be reduced. 

 
Tabela 6 – Waiting times reduced 10% 

  

Queue Booth Waiting room Consultation 

General Clinic 

Mean 00:06:22 00:02:09 01:00:43 00:19:55 

Deviation 0.00187 0.00073 0.02034 0.00746 

Minimum 00:00:00 00:01:06 00:26:44 00:08:17 

Maximum 00:10:19 00:05:15 01:47:28 00:40:42 

Ambulatory of 

Specialty 

Mean 00:03:32 00:01:05 01:13:32 00:26:52 

Deviation 0.00310 0.00039 0.02745 0.01220 

Minimum 00:00:00 00:00:32 00:21:39 00:05:51 

Maximum 00:10:16 00:01:50 02:24:01 01:02:42 

 

By reducing 10% of waiting times, it is possible to meet 115 patients instead of 103 

per day in the General Outpatient, i.e. 12 more patients. The same happens with Specialties: 

With this change, you can answer 57 more patients, from 510 to 567 people.  
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Inserting these new jobs (12 for General Outpatient and 57 for the Specialties) return 

as starters in the model "macro", there is a reduction in the cumulative number of patients 

awaiting return in a year. 

General Outpatient Clinic in the period of a year there will be 900 patients awaiting 

return; compared to 3,000 they had before the change. In the Specialization Clinic, this 

number was reduced in 500 patients. 

Due to the increase in the number of queries the number of discharges also increased. 

Before the reduction of 10% in waiting times, discharges given in the General Outpatient 

Clinic were around 12,700 per year, after the change, they began to be 14,200 in one year. 

The same dynamic is seen in the Ambulatory of Specialty: the amount of high rose from 

almost 3,400 to more than 3,700 per year. 
 

Discussion 

The system dynamics is a very useful tool when it comes to modeling and simulation of 

complex systems. Its concepts and models as Causal Diagram and Model Stock and Flows 

provide the ability to analyze quantitatively and qualitatively a set of variables that are 

interrelated. In this study, these techniques were applied to an essential service: the Public 

Health. 

A major advantage of studying the system dynamics is that the events are not 

analyzed separately, but within a set of elements that form the system. Therefore, any 

modification to a variable, sooner or later, reflected in all the others. Thus, the response time 

of each event on these changes show the adaptability of the system. 

The Model Stock and Flows considered the places where there are accumulations of 

patients as stocks, which were filled and emptied over time. Since the causal diagram of the 

variables was shown to positively or negatively influence each other. 

A simulation of a 10% reduction in waiting times was proposed to discover that how 

the system will react to this change. On the General Outpatient grew by 12 patients seen per 

day and Specialties of 57 patients per day. 

These new waves of query if these are intended solely for return visits, reduce the 

time people wait to return to the hospital. 

With the analysis of the 10% reduction in waiting times, we arrive at the conclusion 

that the returns are key element in this system. Therefore, an alternative for patients spend the 

shortest possible time within the system and reduce the waiting time by reducing the return 

time in the waiting room of the doctor's offices. This will give flexibility to Ambulatory, i.e. 

the faster the patients return, more will be given discharge. This fact is also proven by the 

Causal Diagram for both the General Outpatient Clinic as for the Specialties. 

Analyzing the Causal Diagram, the variables that directly influence the waiting time 

in the office are the query time and the availability of doctors. So, one way to reduce the time 

in the waiting room is reorganizing the work of the clinic medical staff in some of the 

following ways: a) Increasing the number of doctor; b) Investing in specific training for 

clinical staff, in computer science, so they handle electronic systems more efficiently; c) 

Building a database accessible to medical staff containing all patient information and its 

history in outpatient clinics. 

 

Final remarks 

The study of system dynamics provides predictability and how the set in question will 

progress. Also aims to show to the decision makers in what way the parts of a system interact 

and how the impact of their evolution is over time on the results of this system. It is 
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impossible to know what will happen to an institution in a year or two. However, we can 

learn from models and simulation as an organization works and prepares for its future. 
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APPENDIX A – Clinic Flow Chart 
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APPENDIX B - Causal Diagram of the Ambulatory 

 

 

APPENDIX C - Stock and Flow Diagram of the Clinic 

 


