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Abstract: This paper provides an application of the BP-M* methodology to care pathway for patients in a health-
care Emergency Department. On the basis of an analysis of the context, a decision support framework made of
several Key Performance Indicators is performed. By using the model, managers were able to run different sce-
narios, to identify bottlenecks and to explore solutions that can lead to better performance. The model takes into
account not only the flow of patients but also: a) the timing of the activities and resources used (both personnel and
equipment), b) the severity of the patient’s pathology, c) the distribution in time of arrivals of patients. By running
several experiments with different configurations, the analysis of these scenarios has provided useful information
for management of the department and for the re-engineering of the process.
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1 Introduction
In this paper we apply a methodology called BP-M*
(Business Process Methodology*) [6] to an Emer-
gency Department (ED) of a public hospital1. A fea-
ture of BP-M* concerns the use of simulation during
the analysis and the restructuring of processes. While
several studies have shown the usefulness of computer
simulations, real case applications are still lacking, es-
pecially in the field of public administration. At the
same time the public sector is increasingly required
to provide better services at lower cost, strengthen its
customer focus and monitor control processes.

A core area for governments is healthcare, as
the topmost agenda includes providing and improving
healthcare facilities to the population. Nevertheless,
in many countries costs are increasing in a resource-
limited setting and improving performance become a
key element. For instance, the pre-crisis growth of
OECD countries resulted in average public expendi-
ture on health increasing at an annual rate of almost
4%. After 2010, growth in spending came almost to a
halt overall with reductions in many cases2.

In this context, tools and techniques to help the
re-engineering process are urgently needed. We focus
on one of the more complex area in a public hospital,

1The case relates to a medium sized city (about 40,000 inhab-
itants) located in northern Italy.

2Cfr. OECD Health Statistics 2016, at
http://www.oecd.org/els/health-systems/health-data.htm

i.e. the emergency field. An aim of this paper is to
demonstrate the usefulness of our approach to analyze
EDs.

EDs are facing to lack of resources, long wait
times, overuse of emergency services. Workers often
complain dissatisfaction in an high stress work envi-
ronment. Some patients could decide to leave without
being seen. These problems can lead to well-known
situations of inefficiency, medical risk, and financial
loss [14].

Several indicators coming from real data are ini-
tially collected. With this information, we document
the current situation as it is (As-Is model). Then, sim-
ulation can be used to see how entities flow through
the system and to detect and understand inefficien-
cies, bottlenecks, constraints, and risks. Finally, the
analysis of the As-Is model in different scenarios may
suggest changes in the model and the effects can be
studied without the commitment of any physical re-
sources or interruption of the real system.

The current work includes at least three main
point of interests:

i. Real Data: we based the simulation on real
data coming from the department under analysis.
Similar relevant works considered patient arrival
pattern based on the average of data collected
from other hospitals [7], or adopted a constant
pattern due to the unavailability of detailed data
from the real system [15].
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ii. Set of KPIs: a relatively high number of KPIs
can be taken into account, in comparison with
similar works which include only a small subset,
i.e. waiting time and/or length of stay.

iii. Costs: the simulation of the ED process includes
an analysis of ED staff and hospital services
based on real costs. Expenses for doctors, nurses
and operators can be covered, as well as charges
for laboratory analysis, blood tests and radiolog-
ical examinations.

The paper is organized as follows. Section 1.1 in-
troduces a review of related work. In Section 2 we
briefly describe our methodology. Sections 3 focuses
on the simulation model, presenting the results of tests
with different scenarios. Section 4 discusses our re-
sults.

1.1 Related Work

The Process Modeling usually refers to methods, tech-
niques, and software used to analyse and support busi-
ness processes. Typical procedures concern design,
control, and analysis of operational tasks which in-
volve humans, documents, organizations or applica-
tions [31]. A standard notation called Business Pro-
cess Modeling and Notation (BPMN) was created to
present business processes [3, 28].

Business Process simulation was already applied
in industrial reengineering [27, 24]. The more com-
mon simulation modeling methods are System Dy-
namics (SD) [9], Discrete Event Simulation (DES)
[15], and Agent-Based Modeling (ABM) [11]. Sim-
ulations demonstrated their utility in modeling public
services [12], as in the cases of public administration
process [17], political decision-making [25], contact
information for public health and social care services
[32]. In the Health sector, some applications include
the simulation of the functioning of healthcare clinics
[8], spreading of diseases [20], assessing costs of care
[21], planning radiation therapy treatment [33].

In addition to more traditional statistical ap-
proaches [19], DES emerged as an alternative method
to model EDs [2, 6, 23]. DES was already applied
to improve the patient throughput time [26] or the
scheduling of staff members [13], as well as to reduce
patient waiting times [7]. Other works deal with the
impact of staff scheduling on overall utilization and
burnout issues [30]. Moreover, a simulation-based op-
timization to staff levels can be performed [10]. Some
systems focused on the trade-offs between different
alternatives such as adding more beds or altering the
admission rate [16]. Few studies deal with costs of
personnel and equipment, as in [4] where personnel
costs and hospital total charges are considered.

The validation of the simulation model includes
the comparison between indicators given by the model
with real data. To evaluate simulation results, most
ED studies consider basic performance indicators as
the Length-of-Stay (the time from patient arrival to
patient’s discharge, shortened in LoS), the Door-To-
Doctor-Time (from patient arrival to seeing a doc-
tor or a mid-level provider, shortened in DTDT) and
the amount of patients who Left Without Being Seen
(LWBS).

A recent review identifies at least 202 indicators
from 127 articles that belongs to main four typolo-
gies: satisfaction, process, structural, and outcome
[18]. A wide set of Time intervals is detailed in [29].
The most studied categories are process-related per-
formance indicators, as length of wait/stay or ED oc-
cupancy/crowding. Nevertheless, most works include
only few indicators (an average of 1.6 KPIs per arti-
cle).

2 The BP-M* Methodology
The BP-M* methodology analyses functional, behav-
ioral, and organizational aspects of the object system,
and it strongly enforces an event-driven process-based
approach as opposed to traditional function-based ap-
proaches.

BP-M* was briefly described in [6] and consists
of four logically successive phases:

1. Context Analysis
The context analysis phase aims to fix the overall
strategic scenario of the enterprise and to deter-
mine the organizational components which will
be investigated.

2. Organizational Analysis and Process Engi-
neering
The purpose of this phase is the determination
of the activities that constitute the process and of
the causal relationships existing between them.
The process is then reconstructed starting from
external input/output events and/or objects. A
process must be validated with stakeholders in-
volved in the process, using animation and simu-
lation of its specification, obtaining the so called
As-Is model. This model provides managers and
engineers with an accurate model of the enter-
prise as it stands, out of which they can make: a)
a good assessment of its current status and b) an
accurate estimation of available capabilities.

3. Process Diagnosis and Reorganization
The purpose of this phase is to trace back from
the problems highlighted in the previous phase
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to possible solutions to be taken in order to re-
structure the As-Is model generating in this way
the new To-Be version.

4. Information System and Workflow Imple-
mentation

When the To-Be model has been approved, it has
to be transmitted to engineers for implementa-
tion. In the BP-M* methodology, two implemen-
tation aspects are considered: 1) the specification
of the Information System environment, and 2)
the specification of the Workflow execution en-
vironment.

Because the aim of this paper is the analysis of a
real process, the treatment of patients in an emergency
department, we will deal primarily with Phase 2 of the
BP-M* methodology and Phases 3 and 4 will not be
discussed.

In the following, we describe the specification
language used in the methodology and the set of KPIs
adopted in our work.

2.1 BPMN

A key element of BP-M* is the Process Diagram (PD),
which is used to describe the process. The diagram
is specified by the BPMN language [19] which is a
graphical notation that describes the steps in a busi-
ness process. BPMN describes the end to end flow of
a business process. The notation has been specifically
designed to coordinate the sequence of processes and
the messages that flow between different process par-
ticipants in a related set of activities.

BPMN consists of four basic categories of graph-
ical elements: Flow Objects, Connecting Objects,
Swimlanes and Artifacts.

Flow Objects are events, activities, and gate-
ways. An event is something that “happens” during
the course of a business process. Events affect the
flow of the process in different moments: Start, In-
termediate, and End. Events are simply represented
by circles with open centers to allow internal mark-
ers to differentiate them. Activities are single task
or sub-processes. The representation of an activity is
a rounded-corner rectangle. A sub-process is distin-
guished by a small plus sign in the bottom center of
the shape. Finally, gateways are elements that control
the flow of execution of the process. Internal Markers
will indicate the type of behavior control. A gateway
is represented by a diamond shape.

Artifacts are used to provide additional informa-
tion about the process, such as data, text, inputs and
outputs of activities.

Connecting Objects. Connecting objects are used
to specify how flow objects interacts. A connector can
be a sequence, a message or an association. Sequence
and message flows are represented by arcs which im-
pose temporal constraints between flow objects. An
association connects artifact objects to activities and
is represented by a dotted line.

Swimlanes. Pools and lanes are used to group the
primary modeling elements related to functional ca-
pabilities or responsibilities. A Pool represents a par-
ticipant in a Process, it acts as a graphical container
for partitioning a set of activities from other Pools. A
Lane is a sub-partition within a Pool which is used to
organize and categorize activities.

In our approach, BPMN was extended by insert-
ing the possibility of introducing descriptors for each
element of the diagram in order to specify the seman-
tics of process execution and to introduce all the quan-
titative parameters of the process, i.e. the duration of
activities. In fact, the standard version of BPMN only
allows the specification of the flow of activities but
this is only one aspect of the system, it is also neces-
sary to take into account resources that the company
allocates to the process and workload characteristics
in order to proceed with the process simulation on a
discrete event simulator. The simulator used in our
article is iGrafxProcess2015 [1] and its use and the
BPMN language extensions will be illustrated with
the help of our case study.

2.2 Key Performance Indicators

Key performance indicators (KPI) are measurements
used to identify and quantify business performance.
As illustrated in Table 1, we identified, for the ED,
three main categories of KPI: Outcome, Process/Time
and Structural.

Among the outcome indicators, Mortality (Mor),
Hospitalization (Hos) and Transfer (Tra) respectively
represent patients who die in the ED, are hospitalized
in the wards or are transferred to other facilities (eg
other specialized hospitals). The rate of patients who
abandon (LWBS) can be related to quality and patient
satisfaction.

The Process/Time category is related to total
times the patient spends in the ED (Length of stay -
LoS, Length of work - LoWo and Length of Wait -
LoWa) and to the intervals between the crucial events
in the treatment like the arrival, the beginning and the
end of the triage, the pre-visit and the visit, and so on.

Structural indicators describe the amount of pa-
tients admitted in the ED (Adm), with their re-
lated Type of disease (Dis) and Severity of illness
(Sev). Moreover, Resources allocated to activities
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Table 1: KPIs by categories.
Cat. KPI Abbr.

O
ut

co
m

e Left Without Being Seen LWBS
Mortality Mor

Hospitalisation Hos
Transfer Tra

Pr
oc

es
s/

Ti
m

e
In

te
rv

al
s

Length of stay LoS
Length of work LoWo
Length of wait LoWa

Arrival – Init. triage A-I
Arrival – Visit DTDT

Arrival – Cl-dec (diagnosis) A-C
Init.Triage – Triage completed ED Tri

Pre-visit – Visit v-V
Pre-visit – Cl-dec (diagnosis) v-C

Pre-visit – Discharge v-Dis
Cl-dec (diagnosis)– Discharge C-Dis

Pre-visit – Hospitalization v-Hos
Cl-dec (diagnosis)– Hospitalization C-Hos

St
ru

ct
ur

al ED Admissions Adm
Resources Res

Types of Disease Dis
Severity of illness Sev

(Res) must be described in terms of types and num-
bers.

In our approach, the initial setting of the As-Is
model includes both Outcome and Structural KPIs.
This data can easily be obtained from the hospital in-
formation system.

By performing the process simulation, the sim-
ulator provides a complete set of results from which
is easy to derive the simulated values of Process/Time
type KPIs. Comparing the simulated values with those
detected experimentally in the department it is possi-
ble to evaluate the accuracy with which the As-Is pro-
cess model approximates what actually happens in the
real world.

Once the As-Is model has been validated, it is
simple to run on the model several types of “What-
If” analysis by changing the values of Structural KPIs.
For example, we can change the resources assigned to
the activities and the simulation allows us to see how
the values of Process/Time KPIs are changed. This
type of data is particularly useful in deciding how to
restructure the As-Is model, but the restructuring step
will not be considered in this paper.

Table 2: Staff in the ED model by lane, number of
workers and hourly labour costs per capita.

Lane Staff Num Cost
ED Doctors 3 50
ED+TA Nurses (generic) 2 27
TR+WA Nurses (specialized) 3 30
RA+EF Employee 2 25
IC+OB+EF Generic operators 4 20

3 The Case Study

The ED under study serves about 55,000 patients an-
nually. Patients move through various sections of the
department depending on the type of care they require.
The main sections are the Registration area, the Triage
area and the ED (Visit area) which consists of 3 basic
ambulatories (Medical, Orthopedic and Surgical).

Patients access to ED in the Registration Area.
Then, a qualified nurse evaluates the Emergency
Severity Index (ESI) and provides a pre-visit (Triage
area). There are four classes of severity ranging from
“very high” (level 1) to “very low” (level 4). An em-
pirical data analysis shows a larger presence of “low”
severity (73.5%), followed by “very low” (18.8%),
“high” (7.3%) and “very high” (0.4%) cases.

While some patients could decide to leave the ED
(only in not urgent cases, as for 3 and 4 ESI level
cases) others continue in their path.

Most cases are visited in the three basic ambu-
latories of the ED: orthopedics, surgery and general
medicine, but a smaller number of cases, however, is
transferred in others internal clinics (ic). While most
patients are discharged (dis), some ones can be hos-
pitalized (hos) or transferred to external healthcare
structures (ef). Finally, very few patients die in the
ED (dea). Immediately after triage or after the visit
some patients may be moved to specialized internal
clinics.

Following interviews with managers, doctors and
nurses, and through an accurate quantitative analysis,
we were able to build the As-Is process model of the
ED which is illustrated in Figure 1.

The visit is a complex task, which is detailed in
the sub-process of Figure 2. It includes the collection
of patient history (anamnesis), a preliminary diagno-
sis and the assignment of a therapy. During the visit
it is possible to request exams (i.e. blood test) and/or
radiological tests.

3.1 Human Resources

The ED process includes several kinds of human re-
sources, from doctors to generic operators. To provide
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Figure 1: The ED As-Is model.

24-hour services, the ED requires operators working
in different shifts (8 hours a shift including a meal
break). Basically, there are three shifts starting at
6 a.m., at 2 p.m. and at 10 p.m.. A total amount
of 14 workers are modeled accordingly to table 2 in
which staff costs have been introduced. The night
shift which starts at 10 p.m., involves 2 doctors, 2
generic nurses, 1 specialized nurse in the TA and 1
generic operator.

3.2 Patient Arrival

The arrival of patients is driven by three main charac-
teristics. First, it depends on seasonal illness or inci-
dents. Second, the flow fluctuates depending on days
of the week: more arrivals are observed on Mondays
and Fridays than the rest of the week [5]. Third, two
peaks are observed in morning/afternoon with a break
during lunch time [22]. As we are interested in aggre-
gated patient flow data, we do not distinguish between

Figure 2: The Visit sub-process.

Figure 3: Patient arrival in ED by hour.

walk-in and ambulance patients. The average arrival
pattern is modeled with a hourly distribution as de-
tailed in Figure 3.

Quantitative information on patients concerns as-
pects related to different categories or diagnosis:

- Diagnosis correspond to four different kinds of
medical care. The main three ambulatories involved
are orthopedics (ort) with the 31,5% of all cases,
surgery (sur) with the 15,7%, and general medicine
(med) with the 21,8%. The remaining patients (31%)
are sent directly to the internal specialist clinics.

- Patients can exit the process in different ways.
86% of patients are dismissed (shortened in “dis”
in Figure 1), 12% are hospitalized to a ward (hos),
0,2% are transferred to other clinics (ic) and few cases
(0,03%) are moved to the morgue. In addition, some
(1.7%) patients may choose to leave the ED due to,
for example, of excessive delays.This results in a loss
of revenue for the hospital and potential risks for the
patient.

3.3 Activities

An ED includes both well standardized activities and
more complex ones. In the BP-M* methodology ac-
tivities are characterized by their duration and the re-
sources used to implement them. Moreover, some ac-
tivities depend also from the kind of disease. For in-
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Table 3: Duration of activities (minutes) by level of
ESI.

Activity ESI 3-4 ESI 1-2
Register patients Tri(2,6,3) 0-2
Evaluate urgency Tri(1,4,2) 0
Provide pre-visit 3-10 1-3
Manage outcome 7-15 2-4
Hospitalize in ward 15 15
Transfer to morgue 7 7
Search external facility 60-480 60-480
Transfer to external facility 10 10
Collect history 1-4 1-2
Hypothesize diagnosis Tri(1,5,2) 1-2
Take Blood Sample 3-8 1-2
Laboratory (delay) 5-15 3-5
Transfer to radiology Tri(5,15,8) 2-4
Radiological exams (delay) 10-20 7-12
Establish diagnosis [med] 5-25 3-5
Establish diagnosis [sur] 3-12 3-5
Establish diagnosis [ort] 3-7 3-5
Define therapy 2-5 5-10

stance, to establish diagnosis is faster for orthopedic
or surgery patients, while others may require addi-
tional consultancy which increase the whole average
time. Table 3 summarizes different duration depend-
ing on severity. In this Table two different probabil-
ity distributions are used, the triangular distribution
Tri(min,max,mode), and the uniform distribution in
the remaining cases.

In the model, the execution order of activities (pa-
tient pathways) is controlled through the gateways. As
in the case of the duration of the activities, the per-
centage of activation of the different pathways may
depend on the patient’s severity. For example, in the
Visit sub-process, requests for blood and/or radiolog-
ical exams are modeled accordingly to the type of pa-
tient’s disease. Abandons are modeled as a probabilis-
tic function only for not urgent patients, having an ESI
levels of 3 or 4 (0.7 and 3.5 percent probability, re-
spectively).

3.4 Validation of the model

As discussed before, the As-Is model includes both
Outcome and Structural KPIs values obtained from
the hospital information system. In the BP-M* ap-
proach, the validation of the As-Is model involves two
steps:

1) verify that data concerning the Outcome and
Structural KPIs had been properly considered in the
model. Table 4 shows the simulation results relative to

Table 4: Simulated and real values of activities.
Simulation Real data

value % value %
Dismission 46,557 81.47 46,047 81.21
Transfer to IC 3,064 5.36 2,977 5.25
Hospitalize in ward 6,572 11.54 6,640 11.71
Abandon 893 1.56 973 1.72
Transfer to EF 44 0.08 49 0.09
Transfer to morgue 19 0.03 15 0.03
Total 57,148 100 56,701 100

Table 5: Simulation results for several scenarios.
b-D b+D b+N i10% i20% Em.

Time +137.2 -3.7 -1.2 +2.8 +7.9 +70.7
Costs -0.25 +0.2 +0.1 +2.6 +5.4 +12.7

one year of activity of the department. As can be seen,
results are in good agreement with the experimental
values;

2) compare real and simulated data regarding
some critical KPIs. The LoS (Length of Stay), i.e.
the patient’s average time spent in the department, is
the most used metric. In our case the value obtained
with the simulation, about 82 min, is in good agree-
ment with the real value, 82.8 min, derived from data
in the information system.

3.5 What-If analysis

In our experimental setting, several different scenarios
are compared. Starting from the basic As-Is model,
variables related to resources (adding or removing
some professionals) as well as to patient diseases have
been changed, obtaining the scenarios that will be dis-
cussed below with reference to Table 5 which contains
results of the simulations. For each scenario we indi-
cate the percentage difference from the value of the
As-Is model, both for time and costs (costs are related
to personnel expenses, to medical consumables and to
physical examinations).

3.5.1 Resource scenarios

The variation of the staff is one of the most interest-
ing experiment for an organization. We carried out
three different scenarios, adding or removing a Doc-
tor (“b+D” and “b-D”), as well as adding a Nurse
(“b+N”). Due to the small size of the ED, removing
even one nurse is not possible as it cause a block in the
model. The results show that an increment of a doc-
tor increases performance times of about 4%, while
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the increment of a nurse improves of 1%. Decreas-
ing a doctor have dramatic impact with a worsening
of about 130% of time. This justifies the fact that a
doctor is removed only in the night shift.

3.5.2 Patient scenarios

By this experiment, we simulate an increment of some
kinds of patients’ disease. For instance, the spread
of influenza virus infection in winter time will in-
crease the arrival of patients having specific needs. We
slightly increase of 10 percentage points (“i+10%”)
and 20% (“i+20%”) the arrival of patients’ directed to
the general medicine ambulatory, i.e. instead of or-
thopedic or surgery. Finally, a last scenario (“Em”)
simulates an emergency, where urgent cases increases
(10% for the ESI level 2 and 5% for the ESI 1). As ex-
pected, in both cases there is an impact over ED time
performances.

3.5.3 Impact on operational costs

The analysis of results presented in Table 5 suggests
that the impact of the changes is significant especially
for what concerns the increase of patients (for exam-
ple, in the case of epidemics).

4 Conclusions

This paper shows how simulation techniques allow a
quantitative analysis of the emergency department in
the public hospital of a medium-size Italian city.

The article has demonstrated the validity of the
BP-M* methodology for what concerns the construc-
tion of an As-Is model of the process that describes the
patient care pathway in the department. The key fea-
ture of the model is the ability to run the model with
a discrete event simulator thereby obtaining an esti-
mate of the main indicators of the model to be com-
pared with real values. In this way the model is a very
helpful environment for studying the behavior of the
system in different working conditions obtaining use-
ful tips for management of the department and for the
re-engineering of the process.
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