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ABSTRACT 

The Regional Agency for Health and Social Care, 
(ASSR) of Emilia Romagna, a regional research center 
for innovation and improvement, is trying to understand 
how Discrete Event Simulation (DES) technique can be 
incorporated to support decision making in the field of 
health services. Most of decision support systems used 
by regional and local health planners face problems from 
the epidemiological point of view whereas few studies 
are focused on dynamic capacity planning. 
The aim of this work is to study how two different DES 
software packages can be effectively applied to support 
tactical and operational decision-making processes. In 
order to validate our DES model we built a breast-
screening pathway and we showed how this model could 
predict lead time performances with different capacity 
settings. We focused our work on the inclusion in 2010 
breast screening program of 45-49 and 70-74 women age 
bands, by showing how simulation can help to 
understand resource re-sizing needs as a consequence of 
an increase in the demand of services. We analyzed the 
breast program with two DES software packages in order 
to show how different tools can help stakeholders that 
operate at different decision levels (local vs regional). 
Both simulation models were tested over a one year time 
horizon, we distinguish the operational from the tactical 
level as a consequence of the different 
potential degree of detail that we can reach in the care 
pathway modeling.  
 
INTRODUCTION 

Since 1996, the Department of Public Health of the 
Emilia-Romagna region, based on national and 
international scientific community recommendations, 
provides a free screening program for early detection of 
breast cancer. The screening program offers scheduled 
checks to women, residents or domiciled in the region, 
falling in those age groups in which the risk of cancer 
increases the effectiveness of early diagnosis and 
appropriate treatment, reducing the risk of death. The 
monitoring is done through periodic checkups, namely  
mammography tests performed every two years. 

Local Health Units, which are coordinated and 
supervised by the Emilia-Romagna Regional Health 
Authority, are in charge of managing screening 
programs. The program is characterized by an integrated 
diagnostic-therapeutic pathway that follows the patient 
from the screening test up to surgery treatment and 
follow-up treatments. 
Until 2010 women in 50-69 age bands were the target 
population, in 2010 the Regional health Authority 
extended the breast screening program to the 45-49 and 
70-74 age bands. 
 
LITERATURE REVIEW 

In the literature, breast-screening programs have been 
studied with simulation techniques considering several 
aspects. In (Michaelson et al. 1999) the authors use 
biologically-based data from the literature on the rates of 
tumor growth and spread, to calculate the course of breast 
cancer growth and metastasis aiming at defining the 
optimal screening interval for detection of breast cancer 
prior to distant metastatic spread. In (Fryback et al. 2006) 
the authors focus their attention on epidemiological 
aspects by simulating 25 years of U.S. women population 
evolution and addressing what-if questions about 
effectiveness of screening and treatment protocols, as 
well as estimating benefits to women of specific ages and 
screening histories. Improving health outcomes through 
effective diagnostic and treatment is certainly the 
overriding objective of screening programs, nevertheless 
an in-depth evaluation of resource consumption and 
financial sustainability is very important guarantee the 
success of the program. In (Brown and Fintor 1993) and 
(Hunter et al. 2004) simulation studies evaluate the cost-
effectiveness of breast screening policies testing different 
scenarios that concern epidemiological trends, 
population age bands  inclusion and possible outcomes 
and outputs both in terms of quality of care and of 
financial impact. In this context the MISCAN 
(MIcrosimulation SCreening ANalysis) model, which 
uses Monte Carlo micro-simulation of a large number of 
life histories according to the epidemiology of the disease 
in question, has been used to model and test various 
breast screening issues in Italy (Paci et al. 1995), 
Germany (Beemsterboer et al. 1994) and Australia 
(Carter et al. 1993). Surveys on cost effectiveness models 
regarding breast screening programs can be found in 
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(Brown and Fintor 1993) and in (Fone et al. 2003). In 
addition to epidemiological and cost-effectiveness 
analysis some side aspects regarding screening programs 
have been investigated in (Brailsford and Schmidt 2003) 
such as the impact of patients behavior on attendance 
rates. In conclusion, screening programs are 
characterized by a set of guidelines and benchmarks that 
are used for performance monitoring. The quality of 
service can be evaluated according to health goals and 
organizational objectives. Indicators such as stage at 
diagnosis (defined as the ability to anticipate the 
detection of cancer), quality of care (defined as the 
reduction of diagnostic errors) and 5-year survival rate 
after surgery treatment are primary objectives for health 
managers. Nevertheless, screening programs have to be 
evaluated with an organizational and managerial 
perspective since, in order to provide services, a set of 
facilities and associated resources have to be identified. 
Future volume of activities and their financial 
sustainability as well as resources availability and 
waiting times can affect treatment effectiveness and are 
usually monitored and taken into consideration during 
planning activities. 
 
BREAST SCREENING: PLANNING PROBLEM  

As previously stated, in 2010 Emilia-Romagna Regional 
Health system decided to extend the breast screening 
program to 45-49 and 70-74 age bands. Each Local 
Health Authority, supported by the regional one, had to 
decide what resources should be resized even if at the 
time of the planning process it was not clear the impact 
of the extension of the screening coverage in terms of 
waiting time and lead time performances. The aim of this 
work is to study how two different DES software 
packages could have been effectively applied to support 
the process from a tactical and operational point of view. 
The case study is only focused on capacity planning since 
cost effectiveness analysis as well as screening frequency 
policies were already defined by strategic planners. 
 
Breast Screening Pathway 

Screening program can be generically described as a care 
pathway. In (Naldoni et al. 2012) Emilia-Romagna 
regional guidelines and benchmarks are reported. It is 
possible to split the breast screening pathway in three 
main components: the first contact and appointment 
management, the first level examination and the second 
level examinations. 
 
Invitation, appointment reschedule and reminder.  
Each woman falling in the target age band is invited 
every two years to undergo a screening test. The woman 
is invited by the Local Screening Center that 
communicates day and time of the appointment. If the 
candidate is unable to attend she can reschedule the 
appointment, otherwise she goes directly to the 
diagnostic ambulatory. In case of no shows, the candidate 
is contacted and a new appointment is planned. 

Contact activities are managed by the Screening Center, 
an organizational unit that works as an interface between 
screening candidates and program activities. This 
structure is responsible of breast, uterine and colon-
rectum screening programs, therefore its operators are 
shared resources and segment their weekly activity in 
dedicated time slots for each program. 
 
The Screening Center is responsible of monthly 
supervision of invitations and no shows, appointment re-
schedule and monthly reminder letter management (see 
Figure 1 for pathway representation). 
 

 
 

Figure 1: Screening Pathway: Invitation Activities 
 
First level examination 
The day of the appointment the candidate undergoes a 
mammography test that is performed by a radiologist 
technician by using a Breast Computed Radiography 
Scanner. After the screening test is performed, the 
recorded images are sent in a digital way to Radiology 
senology specialists. When available a specialist 
analyzes the test and gives his/her diagnosis that can be 
negative, positive or uncertain. A test has to be analyzed 
at least by two different physicians and if both of them 
consider it negative, the patient will receive a letter 
confirming that no evidence of potential cancer was 
found.  If at least one of the diagnosis is uncertain, a third 
physician analyzes the test and decides if the patient must 
undergo in-depth examinations. 
 
Even though the examinations are carried out at a local 
level, the analysis can be done in real time anywhere, 
since the images are remotely available in a digital 
format. In the ideal case it is possible that on the same 
day of the examination all diagnostic analysis are 
performed (see Figure 2 for pathway representation). 
 

 
 

Figure 2: Screening Pathway: First Level Activities 
 



 

 

Second level examination 
In depth examinations are performed for positive or 
uncertain patients. After a clinical examination the 
radiologist decides, depending on first level test results, 
if the patient should undergo detailed mammography, 
ultrasound or magnetic resonance imaging (MRI) 
examinations. If non-invasive examinations show the 
potential presence of a cancer, before proceeding with 
surgical activities, an invasive test such as cytology or 
micro-biopsy, is done in order to ascertain the presence 
of a tumor (see Figure 3 for pathway representation). 
 

 
 

Figure 3: Screening Pathway: Second Level Activities 
 

Key Performance Indexes 
In order to monitor the organizational performances of 
the screening program two lead times are monitored, the 
time elapsed from mammography test to the dispatch of 
the letter with the first level negative result and the time 
elapsed from the mammography test to the first in-depth 
appointment. For each KPI two thresholds are monitored, 
first-level letter dispatch within 15 and 21 days and the 
first in-depth appointment within 21 and 28 days. Both 
lead time indicators measure Radiology senology 
specialists and Screening Center performances. 
 
Local Health Authority data 

Tactical versus operational planning has to take into 
account different levels of detail during the data 
collection process. Since screening programs are 
organized at a local level, we focused our case study on 
a regional local health authority. We collected data 
regarding volume of activities and resources involved in 
2009 in order to build and validate a DES model.  
In 2009 the target population (women in the 50-69 age 
band) was equal to 51,462 residents and 24,111 of them 

were invited to attend the screening test. The 65.77% of 
invited women attended the test in the planned day, 
15.29% called for a reschedule, 27.93% did not attend to 
the first appointment and 74.54% of them did not answer 
to the reminder letter. Two screening center operators 
managed appointment agenda and need three minutes for 
each call. 
Screening tests were organized in eight public clinics 
(LOC) spread over the local health authority territory.  
 
Table 1: First Level Examination Resources Available 

in 2009 
 

Resource 
ID 

Number of  
working 
days per 

week 

Number of 
mammograms 

per day 

Working 
months 
per year 

LOC 1 2 24 10 
LOC 2 2 24 10 
LOC 3 4 29 10 
LOC 4 2 24 10 
LOC 5 4 24 10 
LOC 6 3 24 10 
LOC 7 2 24 10 
LOC 8 4 54 11 

 
Table 1 shows the yearly schedule of each clinic. First, 
analysis were partially outsourced, in 2009 30% of them 
were managed by an Hospital trust that guaranteed 
diagnostic results within 5 working days.  
Seven Radiology senology specialists (RSS) working for 
the Local Health Authority managed the remaining 70% 
first analysis as well as all second and third ones (see 
Table 2). Monday, Tuesday and Thursday were dedicated 
to first level analysis and each mammogram test analysis 
took on average three minutes.  
Screening Center manager dedicated on each day one 
hour and a half to send 140 negative result letters. In-
depth examination were managed by Local Health 
Authority Radiology senology specialists by following a 
fixed schedule, on Wednesday non-invasive 
examinations were performed invasive ones were 
planned on Friday.   
 

Table 2: Radiology Senology Specialists Available in 
2009 

 

Specialist 
ID 

Months of 
activity 

(included 
holidays)  

Number holidays 
during activity 
months (days) 

RSS 1 12 20 
RSS 2 10 40 
RSS 3 3 10 
RSS 4 12 52 
RSS 5 3 17 
RSS 6 4 23 
RSS 7 0 365 

 



 

 

Table 3 shows the workload of diagnostic sonography 
tests, magnetic resonance imaging tests, detailed 
mammogram procedures, micro biopsies and cytology 
test reading in terms of volume of activities and time 
required by each activity. 
 

Table 3: Second Level Examination 2009 Workload 
 

Activity type Number Mean time 
(minutes) 

Detailed mammogram 
procedure 677 15 
Magnetic Resonance 
Imaging 373 20 
Diagnostic sonography 373 15 
Micro biopsies 119 30 
Cytology test reading 55 30 

 
In addition to screening-driven activities, radiologists 
had to deliver a set of services associated with regular 
outpatient activities within the public sector  (see Table 
4).  
 

Table 4: Non-Screening Activities in 2009 
 

Activity type Number Mean time 
(minutes) 

Computed Radiography 12,379 10 
Magnetic Resonance 
Imaging 762 30 
Diagnostic sonography 2,276 20 
X-ray computed 
tomography 863 20 

 
As a result, in 2009 81.40% of first level negative results 
were sent within 15 days and 89.20% within 21 days, 
whereas 78.14% of first in-depth examinations were 
performed within 21 days and 84.88% within 28 days. 
 
SIMULATION RESULTS 

We implemented an operational model and a tactical one 
and we validated them on 2009 data.  We recall that both 
simulation models have been tested over a one year time 
horizon and we distinguish the operational from the 
tactical level as a consequence of the different 
potential degree of detail that we can reach in the care 
pathway modeling. Namely, the operational model, 
implemented with Simul8, describes the daily 
organization of the resources and entails the 
possibility of analyzing the performances of the care 
pathway on a weekly or monthly basis. Converserly, the 
model implemented with Scenario Generator can only be 
used to support tactical decision making 
processes because it only allows for a weekly description 
of the system resources.  
Below we present the results for both models. 
 

Simul8 (Operational level) model 

We developed an operational model using Simul8 
(Concannon et al. 2007), a general purpose DES 
software, defining Radiology senology specialists, public 
clinics and Screening Center detailed schedules. Then, 
we tested the program extension impact under different 
system configurations. The target population in 2010 
increased up to 80,289 women in 49-70 age band where 
48,165 had to be invited.  
 
As a first planning hypothesis we fixed the rates of (i) 
invited women that attend the test in the planned day, (ii) 
no-shows after first invitation, (iii) appointment 
reschedules and (iv) no-shows after reminder letter (see 
Table 5 for detailed forecasted activity volumes). Then, 
we tested the performance worsening in case of no 
Radiology senology specialists resizing and by 
considering that in 2010 the outsourcing contract was 
expired. As it is clear in Table 2, the real number of active 
Radiology senology specialists in 2009 was less than the 
theoretical one. We then tested the system behavior under 
the hypothesis of five Radiology senology specialists 
working full time for the Local Health Authority. That 
hypothesis holds since one of the seven physicians left in 
the first days of 2009 and the second one would have 
been pregnant during 2010. Observing past annual 
volume of holidays, we identified an average of 49 days 
off per year per physician. The proposed setting would 
have led, for 2010, to a 67.01% of first level negative 
results sent within 15 days and 73.25% within 21 days, 
while 63.04% of first in depth examination would have 
been performed within 21 days and 69.43% within 28 
days. 
 
As a second planning hypothesis, we considered the 
impact of increasing the number of Radiology senology 
specialists available until near optimal performances 
were reached for both KPIs. It is important to say that the 
result is strongly influenced by the policy implemente for 
holidays. It is possible to reach a 98.76% of first level 
negative results sent within 15 days and 99.12% within 
21 days with just one additional resource if physicians 
holidays never overlap. This would not have been the 
case even with two additional resources if holidays 
overlap. Two additional resources would have led just to 
a 76.94 % of first level negative results sent within 15 
days and 76.94 % within 21 days. 
 
Since 2010 data about real performances are available, 
we decided to test how the resizing proposed by the 
model considering 2009 population behavior would have 
been able to cope with real 2010 population behavior (see 
Table 5). 
 
 
 
 
 
 
 



 

 

Table 5: 2010 Forecasted and Real Volume of  
Activities 

 

Activity type 2010 
Forecast 

2010 
Real 

activities 
Accepted after first invitation 31,679 28,909 
No shows 13,453 13,087 
Examination after reminder 
letter 3,426 2,005 
First level examination 35,104 30,914 
Negative examination 33,509 29,473 
Positive examination 1,595 1,430 
Not responding to in depth 
examination 24 11 
Responding to in depth 
examination 1,572 1,419 
Detailed mammoraphies 
(DM) 1,371 1,238 
Diagnostic sonographies 201 181 
Diagnostic sonographies after 
DM 875 1,267 
MRI tests 22 10 
Invasive examinations 319 288 

 
The proposed setting would have led to a 97.93% of first 
level negative results sent within 15 days and 99.19% 
within 21 days, while 98.77% of first in-depth 
examinations would have been performed within 21 days 
and 99.13% within 28 days. These result show the 
proposed resizing would have been effective on the 
population behavior for 2010. 
 
In addition to screening activities Radiology senology 
specialists are also involved in general outpatients 
activities concerning detailed mammography, ultrasound 
or MRI examinations. In 2010 an increase in the demand 
of non-screening services was recorded (see Table 6) and 
we tested how that could have impacted on our proposed 
resource resizing.  

 
Table 6: Recorded Non-Screening Activities in 2010 

 

Activity type Number 
Mean 
time 

(minutes) 
Computed Radiography 19,680 10 
Magnetic Resonance 
Imaging 413 30 
Diagnostic sonography 8,003 20 
X-ray comp. tomography 1,536 20 

 
The proposed setting would have led to a 13.75% of first 
level negative results sent within 15 days and 16.76% 
within 21 days while 14.48% of first in depth 
examination were performed within 21 days and 16.94% 
within 28 days, i.e., a dramatic worsening in 
performance. To face the increased volume of non-
screening activities two additional Radiology senology 

specialists should have been included by the Local Health 
Authority. 
 
Scenario Generator (Tactical level) model 

In the previous section we analyzed how an operational 
model could have supported Local Health Authority 
planning. At a regional level one could be tempted use 
less detailed information of the system at hands to do a 
more tactical planning, for example without resource 
daily schedules. Thus, we tested Scenario Generator 
(SG), a DES software customized for strategic decision 
planning, in order to show how it could have been used 
to test general guidelines regarding breast screening 
program extensions. It is important to say that SG 
software was implemented in order to support long term 
strategic and tactical planning evaluation by Public 
Health managers. Because of this the implementation of 
new models and clinical pathways had to be very simple 
in order to ease the utilization to non simulation 
professionals. SG modeling is then very simple (lacking 
then of a detailed system modeling), it does not support 
the definition of daily resource schedules and resource 
capacity is maily described by number of Full Time 
Equivalent (FTE) and minimum, average and maximum 
number of activities that each FTE can perform in a week. 
In our case it is then impossible to model the fact that 
some days of the week are dedicated to first level 
examinations and some others to in-depth invasive and 
non-invasive ones. Another modeling constraint is the 
lack of single entities labeling and management, as a 
consequence no distinction can be made between 2009 
and 2010 screened women. Due to those restrictions we 
decided to test how SG can be used in order to provide a 
high level information to regional decision planners.  
 
We tested how the system would have behaved in 2010 
if the theoretical number of Radiology senology 
specialists working for the regional health Authority in 
2009 had not been changed. Because of SG restrictions 
we split physicians capacity in two components, first 
level examination test and second level non-invasive and 
invasive examinations  (see Table 7).  
 

Table 7: First and Second Level Activities per FTE 
 

Activity type Activities per 
week per FTE 

First level examination test 98 
Second level examination 4 

 
As a result we measured a stronger impact of program 
extension in terms of lead time worsening because the 
proposed setting would have led to a 45% of first level 
negative results sent within 15 days (see Figure 4) and 
64% within 21 days. 
 



 

 

 
 

Figure 4: SG 2009-2010 Simulation Output  
 
A resource resizing up to 142 test per 9 Radiology 
senology specialists would have been necessary in order 
to increase the performances up to 95% of first level 
negative results sent within 15 days and 97% within 21 
days on average. 
 
In Table 8 we summarize the main differences of the two 
proposed simulation models and their impact on 
performance indicators. 
 

Table 8: Comparison of Simulation Models Features 
 

Simul8 operational 
model 

SG tactical model 

LOC daily opening hours 
for screening 
mammograms 

LOC overall weekly 
capacity for screening 
mammograms 

RSS individual 
representation and 
related daily shift  

RSSs FTE representation 
and related weekly 
workload capacity 

Definition of specific 
days of the week 
dedicated by RSSs to 
screening activities (e.g. 
Monday, Tuesday and 
Thursday for first level 
activities) 

Definition of the portion 
of the weekly capacity 
dedicated by RSSs to 
predefined activities (e.g. 
three days for first level 
activities) 

First and second level 
KPI can be detailed on 
an yearly, monthly, 
weekly and daily basis  

First and second level 
KPI can be recorderd as 
cumulative values over 
the simulation planning 
horizon 

 
RESULT INTERPRETATION AND 
CONCLUSION 

We analyzed the screening program with two DES 
software packages in order to show how different tools 
can help stakeholders that operate at different decision 
levels. We applied Scenario Generator, an ad-hoc DES 
software for tactical planning for health systems, in order 
to develop an high level model that can be used to support 

in a quantitative way the definition of regional 
guidelines. We implemented a detiled DES model using 
Simul8, a general purpose software, in order to show to 
local health authority managers how a more detailed 
model can be used to understand the reasons of long lead 
times. 
 
The Scenario Generator software acquired by the 
Regional Agency for health and Social Care of Emilia-
Romagna can be used just to provide long term 
recommendations and to test guidelines implementation. 
Such recommendations will build upon available 
regional and local data and will allow the discussion 
around new services to be provided by the local trusts. A 
typical questions that could be answered by SG is the 
annual number of first level analysis that each radiologist 
should ensure in order to achieve organizational 
performance goal. Once defined general guidelines it is 
up to the Local Health Authority management to define 
if the number of first level test examinations is 
sustainable by the number of resources available. 
 
It is clear that Scenario Generator software can not 
provide a detailed system forecast to Local Health 
Authority planners. The absence of territorial distinctions 
for mammography machines as well as the impossibility 
to describe radiologist weekly activities in a detailed way 
reveals the unfitness of SG as a tool to support 
operational planning. In order to better control activities 
in a weekly or annual time horizon is therefore advisable 
to use a tool like Simul8.  
 
In the proposed application we defined and tested several 
what-if scenarios and we measured their impact on 
measured screening lead times. We identified that 
resource resizing would have been strongly affected 
more by non-screening activities related to Radiology 
senology specialists than by population rates of 
attendance to screening programs. We also evaluated 
how holiday policies could strongly affect the perception 
of shortages or surpluses in terms of available resources. 
That has been proven to be an interesting approach by 
health managers since during the breast screening 
planning extension it was not clear if and how much the 
increased number of Radiology senology specialists 
would have been able to meet organizational goals. These 
results helped the Agenzia to asses the need of Decision 
Support Systems in general, and of operational planning 
Discrete Event Simulation in particular. 
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