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Abstract— Discrete event simulation techniques have been 
already used for many years and in several areas to improve 
manufacturing workflows and services provided to customers. 
Despite being born in the industrial environment, over the 
years the use of this instrument has brought great advantages 
in healthcare as well, by improving the efficiency of the organ-
ization in a quick and economically sustainable way. 

The goal of this work is to present a simulation model which 
is able to correctly optimize the operation of the laboratory 
analysis in hospitals, in order to quickly assess the effects of 
the changes connected with different scenarios proposed. The 
new system for on-line reservation will also be assessed as well 
as the effects of its introduction –by following up the results of 
previous studies. The main performance indicators analyzed 
are the ‘waiting times of patients for the acceptance’, especial-
ly as regards patients without a reservation, ‘the number of 
patients in the queue’ and the ‘utilization rate of resources.’ 

The simulation model has been proved to be an excellent tool 
to support organizational decisions that allowed to identify that 
an earlier opening time of the front desks will be the best way to 
reduce waiting times for patients. Furthermore the model is 
able to predict the number of patients in the queue beyond 
which the waiting time rises above a critical value. The on-line 
reservation system greatly improved the ‘waiting times of pa-
tients’ with reservation but the ‘waiting times’ for direct-access 
(not booked) ordinary and urgent patients still remain high. 

Keywords— Discrete Event Simulation, Arena models 
healthcare. 

I. INTRODUCTION*  
A discrete event simulation model is able to characterize 

processes, even complex, where the factors that govern the 
process (defined elements or entities) are interdependent 
with one another and work together to achieve a common 
goal. The characterization of the system allows, therefore, a 
detailed analysis of the performance of the overall system in 
terms of speed, capacity and calculation [1]. 
                                                           
 The original version of this chapter was inadvertently published with 
an incorrect chapter pagination 961–964 and DOI 10.1007/978-3-
319-32703-7_187. The page range and the DOI has been re-assigned. 
The correct page range is 967–970 and the DOI is 10.1007/978-3-
319-32703-7_188. The erratum to this chapter is available at DOI: 
10.1007/978-3-319-32703-7_260 

The use of simulation in medical processes allowed a 
correct use of the available resources and optimized the 
waiting time, in such a way as to reduce, as far as possible, 
the length of the queues [2-7]. The main performance indi-
cators analyzed by the models are the ‘waiting times’ for 
receiving a service, how many patients use the service and 
how long the patient takes to complete the exam. This al-
lows to simulate reality for long periods, economically and 
on the process view by identifying bottlenecks in order to 
allocate resources in the best way. In the market there are 
different simulation software. This project will be using the 
product Arena® Rockwell Automation. 

The creation of the model has seen the need to identify the 
main stages of the process studied, and the process flow. The 
main problem encountered when trying to implement a model 
of this kind is that it requires an accurate knowledge not only 
of the various steps of the process but also of the times asso-
ciated with them. Therefore, if these were not obtained by the 
hospital DB, they will be calculated on the field. 

If each block represents a specific phase of the process, 
each block can be associated with a time of service and a 
number of entities in the queue to the service. Using the 
historical data we can create a set of weighted characteristic. 

In a previous study [8] the authors describe the application 
of a Lean Six Sigma approach to analyze the medical labora-
tory services at the Florence Teaching Hospital, defining the 
main Key Performance Indicators (KPIs) and proving that 
this methodology is a proper tool for process optimization. 
The authors also suggested solutions for reducing patients 
waiting times, especially using a booking system. In continui-
ty with that work this paper evaluated the outcomes of those 
solutions through the measurement of the same KPIs.  

In addition to that, the purposes discussed in this paper 
concern the way to the access of analysis laboratory  
(e.g. sampling, sample delivery, results performance report 
or similar). They are as follows: 

• On-line booking (recently enabled the ability to book 
the service and show up at the appointed time without wait-
ing for now lots available for booking are still limited but is 
expected to gradually increase them) 

• On-site booking 

http://dx.doi.org/10.1007/978-3-319-32703-7_260
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Considering that the distribution of users varies widely in 
relation the daytime, the weekday and the number of ac-
cesses to the structure, the aim of the work will be to simu-
late the activities of the center by evaluating the impact of 
some organizational changes (e.g. reduced booked for cer-
tain hours and days, dedicated counters, etc.) with the aim 
of identifying the organizational solutions for optimizing 
the quality of the service, patients and workers. 

This would support the hospital decision makers by  
creating different organizational scenarios, evaluating its 
behavior and comparing its performance in relation to  
specific needs and context. The main stages in which the 
project will be divided are: 

• Analysis of the specific hospital scenarios; 
• Implementation of the simulation model with Arena 

software; 
• Experimental validation of the model;   

II. METHODS 

A. Paper Goals  

The Florence Teaching Hospital is one of the biggest 
hospital in central Italy with a yearly laboratory workload of 
over 100,000 tests and the delivery of 80,000 blood test re-
ports. The main purpose of the project was to evaluate the 
results of a new process organization presented in [8] 
through the development of a simulation model of the la-
boratory services. 

B. Process Analysis 

The functional flow of the process includes a first step of 
booking (reservation box), a second step of reception (check 
in - check out), and a third step of pick (Lab. performance) 
[8]. Important for the evaluation of the waiting times for ac-
ceptance ('waiting time') and for picking up the test results 
('clinical time' - 'operational time'). The type of services pro-
vided include results’ pick up (ordinary and urgent) for pa-
tients presenting without reservation and for patients booking 
online (takes precedence over the other), the delivery of bio-
logical samples with or without reservation (booking always 
takes precedence on direct access) and other services, each 
with its own particular "schedule" of arrival. The doors open 
at 6:30 and patients can get the ticket in 1 of the 8 front desks 
since 7:15 am. Patients are called according to the ticket 
priority (for those without reservations) or to the time of 
booking. Upon completion of the check-in patients pay the 
amount to a different station (still within the same room) and 
the receipts are presented before and in order to access to 
available boxes for clinical activity. 

C. Model Building 

The model was built by accurately studying the booking, 
check-in, paying and results pick up adopted by the medical 
laboratory services of the Careggi Teaching Hospital. Ac-
cording to the scientific literature [9], to properly simulate 
the operation of the process is necessary to know the num-
ber of patients arriving to the front desks, the average time 
of service for check-in and test pick up. Also, to validate the 
correct operation of the model, we need the historical data 
related to waiting times of patients. 

These data were obtained through direct observation, in-
terviews with staff and accessing hospital databases.  

D. Measurement of the Indicators 

The specific indicators for the analysis of the proposed 
simulation scenarios are: 

• Wait for the acceptance of direct check-in, ordinary and 
urgent (WTA); 

• Total number of patients queuing for acceptance (NQP); 
• Number of patients in the queue for acceptance based 

on the type of service requested and the chosen mode of 
reservation (NQP); 

• Total number of patients accepted (TPA); 
• Rate of resource utilization (front desks & results deliv-

ery boxes), very useful for those scenarios where the re-
sources’ allocation planning is based on the daytimes, 
weekdays or performance types. 

The KPIs are analyzed according to the day of the week 
because it was observed in the historical data a strong rela-
tion with the number of patients at the input. 

Figure 1 shows how the model reports the key points in 
the study, in the box 0 is indicated the time, in order to as-
sess the performance of the indicators during the workday. 
The wait time for acceptance is indicated by the box number 
1, the total number of patients in the queue for acceptance is 
shown in the box number 2, the number of patients in the 
queue for acceptance based on the type of application re-
quired and the booking arrangements are outlined in Box 3 
and finally the total number of patients admitted is located 
in Box 4. These are the patients waiting the clinical  
performance in the calling box. 

E. Simulation Scenarios 

The scenarios assessed by the model involved:  

• The optimization of use of the front desks with the  
purpose to reduce the waiting times for acceptance. 

• Selecting the patient’s priority according to the waiting 
time and the number of patients in queue.  
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• The identification of the number of patients in the queue 
which stay within a waiting time threshold previously set. 

III. RESULTS AND DISCUSSION 

From January 2016 it was set up a reservation system for 
the whole blood test system. The number of reservations 
available was increased steadily to 20% of the total in June. 
The waiting time for the patients check-ins with reservation 
is very low (less than 1 minute in average), but the average 
waiting time for ordinary blood tests exceeds 90 minutes 
and the urgent ones exceeds 40 minutes. Because the study 
shows that the highly number of accesses of patients with-
out reservation is detected in the first days of the week and 
after the holidays (Fig. 2), it was decided a change in the 
booking system, to reduce the work-load in these days. 

Table 1 Model validation 

Primary indicators Model 
results 

Historical data 

Patients accepted 512 491 

Ordinary blood test check-in 90,9 minutes 91,9 minutes 

Urgent blood test check-in 38,3 minutes 38,3 minutes 

Delivery samples check-in 18,5 minutes 19,2 minutes 

 
The model used to analyze the scenarios proposed has 

been validated by comparing the waiting time for ac-
ceptance and the number of patients admitted between the 
model and the historical data. The average time to process  
 

 

the practice of acceptance has been set as the one detected 
by direct observation at the analysis laboratory and histori-
cal data. In Table 1 is reported the comparison of data relat-
ing to Monday, traditionally the day of the week with the 
highest number of accesses. The percentage difference is 
less than 5% in the worst case. 

The first simulated scenario is to test the results of these 
organizational changes to the process: 

• Establish specific pathways for patients urgent, ordi-
nary and booked; 

• Increase the resources available from 8 to 9 front desks 
for acceptance; 

• Vary the opening hours of the front desks passing from 
7:15 to 7:00; 

Table 2 Comparison of wait times for acceptance. 

Type of service Current 
situation 

Anticipated  
opening 

Ordinary blood test check-in 92,6 minutes     76,7 minutes 

Urgent blood test check-in 41,5 minutes     26,9 minutes 

Delivery samples check-in 18 minutes     10,3 minutes 

Payment 7 minutes     5,6 minutes 

Blood test 19,6 minutes     19 minutes 

 
As shown in Table 2 the anticipated opening of the front 

desks can achieve a significant improvement in waiting 
times of patients without the need to increase the available 
resources. 

 
 

 

Fig. 1 Section of the model used to monitor the key indicators 
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