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Abstract. In this work, we propose and apply a methodology for the
management and optimization of clinical pathways using process mining.
We adapt the Clinical Pathway Analysis Method (CPAM) by taking
into consideration healthcare providers’ needs. We successfully applied
the methodology in the sepsis treatment of a major Brazilian hospital.
Using data extracted from the hospital information system, a total of
5,184 deviations in the execution of the sepsis clinical pathway were
discovered and categorized in 43 different types. We identified the process
as it was actually executed, two bottlenecks, and significant differences in
performance in cases that deviated from the prescribed clinical pathway.
Furthermore, factors such as patient age, gender, and type of infection
were shown to affect performance. The analysis results were validated by
an expert panel of clinical professionals and verified to provide valuable,
actionable insights. Based on these insights, we were able to suggest
optimization points in the sepsis clinical pathway.
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1 Introduction

Clinical Pathways (CPs) consist of well-defined care plans which describe the
ordering and timing of interventions and their expected outcomes. Healthcare
providers typically model their CPs after evidence-based medical guidelines
supplied by communities such as the Society of Critical Care Medicine, promoting
the improvement and standardization in patient care while reducing expenses
and consumption of resources [4,13,25,39]. The correct implementation of CPs is
known to promote positive outcomes such as early disease recognition, correct
treatment, reduction of mortality and length of stay, and hospital costs [24].
However, the management of CPs has proven to be a challenging task. Time
constraints, lack of qualified resources, administrative burdens, and absence
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of tools for evaluating and reporting are common contributing factors [8,19].
The analysis of data extracted from hospital information systems provides an
interesting direction for the optimization efforts of healthcare professionals.

Sepsis is defined as a “life-threatening organ dysfunction caused by a dysregu-
lated host response to infection” [32], and is considered a worldwide health issue
and economic burden. The mortality rates from different countries varied in a
wide range, but can go as high as 64.5% [12,22,9,21,30,34,6,27]. Chalupka and
Talmor found that the mean costs per case ranged from USD 4,888 (Argentina)
to USD 103,529 (United States) [7]. Improving performance and compliance to
sepsis CPs can simultaneously save lives and reduce financial impact.

Process mining is a research field concerned with the analysis of business
processes using data extracted from information systems [1,38,23]. It combines
model-based process analysis with data-driven analysis techniques. It enables
automatic extraction of process models (process discovery), recognition of com-
pliance to protocol (conformance checking), performance analysis, and many
other applications. Process mining has been successfully applied to the health-
care domain in several studies [31,37,23]. For example, Augusto et al. presented
an automated method to simulate and evaluate CPs in a severe heart failure
case study [3]. Fernandez-Llatas et al. demonstrated the use of process mining
techniques to support the analysis of stroke cases in the emergency room [11].

In [5], Caron et al. presented the Clinical Pathway Analysis Method (CPAM).
This method enables the acquisition of insights regarding CPs using event data
and process mining techniques. It is a flexible method supporting a plethora
of analyses such as workflow discovery, social network analysis, task allocation,
and bottleneck analysis. In this paper, we adapt CPAM based on the needs and
challenges of the healthcare professionals, and apply it to the sepsis CP of Hospital
Samaritano, a large private Brazilian hospital located in São Paulo. The proposed
methodology – entitled Simplified Clinical Pathway Analysis Method (SCPAM) –
was intentionally kept simple to facilitate its adoption by healthcare organizations
and helps answer the following set of questions: How does the actual executed
process look like? What are the deviations from protocol in the execution of the
CP? What is the performance of the CP? What are the performance bottlenecks
in the CP? Which factors a�ect the performance?, and How to optimize the CP?

The remainder is organized as follows. We describe the analyzed sepsis CP
in section 2. In section 3 we describe the analysis performed according to the
SCPAM methodology and the obtained results. In section 4 we discuss the
validation of results by medical experts. In section 5 we conclude and discuss
future perspectives.

2 Adult Emergency Department Sepsis Clinical Pathway

Hospital Samaritano de São Paulo is a large private hospital in Brazil with over
three hundred beds. It stands out for excellence in healthcare [18,29]. One of the
main CPs of the hospital is the sepsis pathway. Figure 1 depicts the sepsis CP
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Fig. 1. Prescriptive sepsis treatment process model of the emergency department,
modeled using Business Process Model and Notation (BPMN).

as it should be executed in the adult emergency department. The process was
mapped and validated by interviewing the hospital staff during two visits.

The process starts when a patient arrives in the emergency department and
receives a queue number (activity 1). The patient waits until a receptionist
calls them. The receptionist registers the patient’s admission in the hospital
information system (2). The patient then waits at the reception until a nurse
calls them to start the triage. During the triage, the nurse measures the patient’s
vital signs (temperature, blood pressure, heart rate and respiratory rate) (3),
asks specific questions to the patient, prioritizes the patient according to their
severity level, and registers all the triage information in the Electronic Health
Record (EHR) (4). If the nurse suspects that the patient has sepsis, they must
start the formal sepsis pathway (5A). The nurse must fill out a specific sepsis CP
paper-based form, must register a clinical note in the EHR that the sepsis CP was
started and must immediately communicate with the first available physician that
the patient is sepsis suspicious. The physician evaluates the patient (anamnesis
and physical examination) and records all information in the clinical notes (6). If
the physician defines a sepsis diagnostic hypothesis, then antibiotics and volume
expansion must be prescribed (7 and 9) and blood culture and lactate exams must
be requested (8 and 10). If the sepsis CP was not formally started previously, then
the physician must do so (5B). Finally, the patient goes to the medication room
and a nurse technician collects their blood for the blood culture and lactate exams
(11 and 13) and administers the antibiotics (14) and the volume expansion (12).
The designed CP represents all sepsis treatment steps until the administration of
antibiotics as described in the first bundle of the Surviving Sepsis Campaign [33].
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3 Clinical Pathway Analysis and Optimization

In order to support the management and evaluation of the sepsis CP, we developed
and applied the SCPAM methodology (see Figure 2), which is a simplification of
CPAM and aims to facilitate adoption by healthcare organizations. The main
differences between the two methodologies are that SCPAM predefines a set
of research questions, process perspectives, PM analyses and their execution
order and that it presents detailed instructions on how to perform each step and
analysis. In this work, all process mining analyses were conducted using ProM
and Disco and statistical analyses were performed using R1. The results of this
case study were validated by six healthcare professionals who all actively work in
the sepsis CP, using interviews and structured questionnaires.

Fig. 2. Overview of the SCPAM methodology followed to analyze the sepsis CP.

3.1 De�ning the Project

In the first step we define the scope of the project (i.e. the CP). A prescriptive
CP model is created, mapping the selection and order of activities to be executed
for the treatment of a given disease. This model guides the data extraction and
is used to identify CP compliance and to create the AS-IS model.

In this study, we focus on the sepsis CP described in section 2. We are
interested in the analysis of the compliance and performance of the process. For
example, the administration of antibiotics must happen after the collection of
the blood culture and, as prescribed by the hospital, this activity must happen
within one hour after the sepsis presentation. The faster the patient receives the
antibiotics, the greater their chance of survival [20].

3.2 Extracting and Pre-processing the Event Log

The aim of the second step is to extract all necessary data from support systems
and prepare the event log for analysis. This step is composed of the following
activities. First, for each activity in the prescriptive CP model, the attributes
that are relevant for the analysis are identified (e.g. date and time of execution

1 See https://promtools.org, https://fluxicon.com, and https://r-project.org
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