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Abstract
Process mining applies robust methodologies using data mining and machine learning for pattern recognition, using models 
that represent the process flow identified by the sequence of events, their timing, and the assessment of resources used. To 
evaluate the use of process mining in health care, with emphasis on the identification of characteristics, health care studies 
were selected based on a systematic review of the literature, well-defined eligibility criteria, and guided research questions. 
Such questions address the strategy and algorithm adopted, the location used, and the main contributions for the identified 
application. A total of 270 articles were selected. Among the identified applications, the discovery of process models was 
the most frequent, followed by resource analysis and evaluation. The most adopted algorithms were identified, the Fuzzy 
Miner and Heuristic Miner. One may highlight, among the main contributions, the analysis and discovery of process mod-
els for the evaluation of patient care and the evaluation of process conformity, focused on medical protocols and clinical 
guidelines. This review highlighted the significant use of process models discovery in their evaluation, thus supporting the 
proposal of changing the health care model so that it favors resources evaluation and care quality. There is also an important 
challenge regarding the use of such technique; on the one hand, concerning data integration and a more automatic recogni-
tion of standards and, on the other hand, concerning the application of standards focused on needs for compliance evaluation 
between discovered models, medical protocols and clinical guidelines.
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1 Introduction

One of the greatest challenges in using health data is the 
asymmetry of information concerning data generation from 
several actors in health care—such as payers, patients, phy-
sicians and other service providers (Maissenhaelter et al. 
2018), which greatly hinders the integration of clinical data 
and, consequently, the assessment of health care quality.

Also associated with these difficulties is the large amount 
of data generated by health information systems, which are 
collected from external environments and often fed in real 
time and made available in different formats (texts, videos, 

images, messages, gene expressions, etc.), defined as “Big 
Data”. The understanding and negotiation on the four ele-
ments of such information—volume, variety, velocity and 
veracity (Bellazzi 2014)—becomes crucial in the Health 
field.

An alternative to minimize these challenges is the dis-
covery of knowledge using information technology tools—
data structures arranged with greater availability and agility 
in the search for information, such as the proposed Data 
Warehouse (DW) environment and methodologies like the 
Knowledge Discovery in Database (KDD), as well as data 
mining itself (Dallagassa et al. 2019).

However, the specificity of health data justifies adoption 
a computational environment perspective involving analyti-
cal systems that solve problems related to the ordering and 
timing of health events to discover standards that allow the 
management, storage and exploitation of such knowledge 
(Carvalho et al. 2016).
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Such demand reinforces the use of Process Mining (PM), 
a concept proposed by Van der Aalst, which applies robust 
methodologies using data mining and machine learning for 
pattern recognition, using models that represent the process 
flow identified by the sequence of events, their timing, and 
the assessment of resources used (Mans et al. 2015).

The PM approach to health care allows for the discovery 
of process models and, hence, it identifies sequential, tem-
poral and resource patterns, evaluates performance through 
the duration of activities and bottlenecks to act on process 
improvement and also raises and analyzes decisive points 
of the processes to generate predictions (Van der Aalst et al. 
2002).

Along with this technique for process model discovery, 
the use of PM concepts allows one to adopt comparative 
analyses between the discovered models and reference ones, 
such as medical protocols or clinical guidelines, as the exam-
ple shown in Fig. 1, on which the left side shows the process 
model discovered from a patient’s use data, a hypertensive 
patient in this case, and the right side shows the reference 
model that represents the desirable situation for the patients’ 
journey with this disease, i.e., a clinical guideline or care 
protocol for the management of this disease.

This systematic review, carried out with quantitative and 
qualitative approaches, mainly aims to identifying PM appli-
cations in health care based on articles within the scientific 
literature. The evolution and use of tools and algorithms 
and their main contributions and limitations, are presented.

2  Method

2.1  Research strategy

This study aims to observe, in the recent literature, possible 
PM applications geared towards health care, their character-
istics and limitations, to conceptualize and propose applica-
tions using the PM technique.

To achieve this goal, this review’s method was based 
on recommendations of the Preferred reporting items for 
systematic reviews and meta-analyses—PRISMA (Moher 
et al. 2009), which consists of a series of checks on a flow 
diagram, considering essential items for the development of 
a systematic review.

2.2  Selection of studies and data extraction

The following databases were used to select the studies: 
ACM Digital Library, IEEEXplore, PUBMED, Science-
Direct, and SpringerLink, using an extensive search term, 
as follows: “process mining” OR “processes mining” OR 
“workflow mining” OR “mining workflow” OR “workflows 
mining” OR “mining workflows”.

The time frame comprise articles published from 2002—
an important reference year for the subject of PM due to the 
creation of the Alpha or α-miner algorithm (Van der Aalst 
et al. 2002), an algorithm that, besides being the first to arise 
in the field, also made the subject of PM more relevant—to 
December 2019, the final period of this study.

Fig. 1  Model of process mining application in health. Source: own author
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After the reading of titles and abstracts, the following areas 
were identified: Health Care, Information and Communication 
Technology (ICT), Industry, Education, Finances, Logistics, 
Public/Government, Security, Call Center, Usability, Enter-
tainment, Robotics, Utility, Garment, Audit, Commerce, Biol-
ogy, Hospitality and Agriculture.

2.3  Criteria for study selection and scope

Two inclusion criteria (IC) and two exclusion criteria (EC) 
were used in the search, namely:

• IC1: Articles in electronic format, found using the search 
terms and periods mentioned above;

• IC2: Articles published from 2002 to December 2019;
• EC3: Articles with title, abstract and keywords without 

relevance to the subject studied;
• EC4: Elimination of duplicate articles.

Finally, only health care studies were chosen for the study 
selection. To explore the selected studies, the following 
research questions (RQ) were used for mapping:

• RQ1: In what health environment has Process Mining been 
applied?

• RQ2: What was the main application Analysis and 
Resource Assessment (AR), Discovery of Process Models 
(DM), Predictive Analysis and Outliers (PA), Analysis and 
Conformity Check (AC) of the work through process min-
ing?

• RQ3: What was the strategy/algorithm adopted?
• RQ4: Among the studies, what was the main contribution 

of the application in the Health field?

2.4  Study analysis and evaluation

Looking at the research questions, one can see the studies were 
chronologically ordered to capture the historical evolution of 
the subject and to characterize their use in health care, point-
ing out some important milestones in this timeline of process 
mining applied to health care.

Given the proposal and the focus of this study, the follow-
ing analysis efforts are limited to articles related to Process 
Mining in health care. They propose subjects interesting for 
the timeline of scientific contributions in the segment in ques-
tion; such analysis will have as main focus algorithms, positive 
contributions, and limitations in the development of solutions 
for health care.

3  Results

3.1  Selection of studies and data extraction

The search in the target databases resulted in 5476 articles. 
Table 1 groups these studies by the database and number 
of articles.

After applying the inclusion and exclusion criteria men-
tioned in the methodology, 1949 articles were left for the 
review. As this study’s object is connected only to health 
care, only articles published within this field of study were 
selected, totaling 270 articles.

Figure 2 shows the article selection process, detailing the 
inclusion criterion step-by-step and the number of articles 
resulting in each step.

3.2  Historical evolution of PM utilization in health 
care

This study showed that process models in health care differ 
from other fields regarding their characteristics, high varia-
bility, complexity, security, privacy and the multidisciplinary 
nature of their activities (Van der Aalst et al. 2002; Rebuge 
and Ferreira 2012; Munoz-Gama and Echizen 2012).

Chronologically, the first article on Process Mining appli-
cation found in the health care field, published in 2003 (Cic-
carese et al. 2003), shows the importance of resource analy-
sis through process models discovery and by comparing such 
models with clinical guidelines for compliance analysis. The 
authors used the alpha algorithm (Van der Aalst et al. 2002).

However, the author emphasizes the difficulties related to 
the representation of the discovered models. Such difficulties 
were inherited, to a certain extent, from algorithms designed 
for the industrial segment and that did not fit the models for 
the health care field.

From 2003 to 2008, only nine articles were found in the 
health care field, using the alpha algorithm (Van der Aalst 
et al. 2002) and Heuristic Miner (Weijters et al. 2006). 
Regarding PM usage, five of these studies were focused on 
the discovery of process models, aiming to verify the com-
pliance with clinical guidelines to improve processes. Some 

Table 1  Database, number of 
articles retrieved. Source: own 
author

Database Number 
of articles

ACM digital library 561
IEEEXplore 1686
PubMed 728
ScienceDirect 1550
SpringerLink 950
Grand total 5476
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difficulties were noted in these articles regarding the discov-
ery of complex and high variability models, also known as 
spaghetti models.

The Fuzzy Miner algorithm proposed in 2007 (Günther 
and Van der Aalst 2007) constitutes an opportunity, an 
important alternative to treat the characteristics inherent to 
the discovery of process models in the health care field. The 
strategy adopted allowed for a more objective visualization 
through the abstraction of reality and representation of the 
most frequent activities and associated with temporal meas-
ures between them (Günther and Van der Aalst 2007).

From 2008 to 2014, some pre-processing techniques that 
establish ways of controlling path variability and grouping 
activities to represent and discover complex models have 
emerged, such as the MinAdept algorithm (Li et al. 2010) 
and other techniques (Song et al. 2013; Fei and Meskens 
2013; Caron et al. 2013, Montani et al. 2014, 2017; Metsker 
et al. 2017; Xu et al. 2016a, b; Lu et al. 2016; Rojas et al. 
2017).

The high variability of health events is a characteristic 
evidenced in several studies of the field, and is directly 
linked to how the patient is cared for, as it is difficult to 
establish the predictability of their script since it depends 
on numerous factors, such as: biological interactions, their 
pathology, the kind of treatment performed, among others 
(Li et al. 2010; Prodel et al. 2018). In addition to this lack 
of predictability, patients’ trajectories are stochastic, i.e., 
random in relation to their occurrence and difficult to plan 
(Li et al. 2010).

In 2014 the possibility of applications is disseminated 
through the book Process Mining in Healthcare (Mans et al. 
2015) and the algorithm Inductive visual Miner (IvM) (Lee-
mans et al. 2014) was proposed and made available from 
 ProM1 version 6 onwards (Van der Aalst 2011), being one 
of the most recent and adequate techniques in the treat-
ment of heterogeneity of event records for complex model 
abstractions, with the incorporation of several criteria, such 
as: frequency analysis, grouping, detection of deviations and 
frauds, analysis of times and bottlenecks, general visualiza-
tions, understanding of the process, and evaluation of values 
per outcome, all incorporated into the same solution (Lee-
mans et al. 2014).

To evoke and facilitate the understanding of this evolution 
from 2001 to 2019, the timeline is shown in Fig. 3, indicat-
ing major milestones and their influence on the application 
in studies focused on health care.

3.3  Health care environment used

However, the approaches presented often deal with analyses 
geared towards a specific context, a pathology or a surgical 
procedure, which require time in the definition of parame-
ters and expert knowledge of the Health field. Another point 
worth mentioning is that such approaches are often related 
to a health institution: 77 (36%) of the works found were 
performed to be used in hospital environments and, hence, 
one cannot have a full visualization of the processes on the 
trajectory of a patient’s care, making it difficult to analyze 

Fig. 2  Article selection process. Source: author
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the perspective of health technology management and atten-
tion to patient health and safety.

3.4  Main areas of application

We identified, in each article, the previously defined area 
of application, among which: discovery of process models, 
analysis and evaluation of resources, conformity analysis, 
predictive analysis and outliers, and even other uses aimed at 
data processing, systematic reviews and algorithms. Table 2 
and Fig. 4 presents such items, with their respective number 
of articles found in this review.

One can see that most studies (34.1%) use process mod-
els discovery for the identification of protocols and clinical 
guidelines. This was the most evident line of interest and, 
seemingly, the central object vis-à-vis to the prior recogni-
tion of process standards obtained through the representation 

of its model, with its activities and orientations between 
them.

In the second line of application, in descending order 
(24.8%), is analysis of resources, whose use is linked to the 
analysis and optimization of resources and to the evaluation 
of health technologies, using real data for the representation 
and analysis of teams, as well as the evaluation of health 
technologies.

Compliance analysis is also worth mentioning (17.4%), as 
it is focused on the evaluation of discovered process models 
by comparing them with clinical guidelines and protocols; 
this allows for the validation and certification of process 
standardization. Another point found in this item refers to 
conformity analysis being related to the patient care trajec-
tory, or the patient’s journey, evaluating whether the patient 
is following application references related to a particular 
clinical guideline for an illness.

There is potential in predictive analysis and in the detec-
tion and identification of outliers, which were present only 
in 6.3% of the analyzed studies and could be more widely 
explored, as they comprise techniques for standard recogni-
tion related to references stored in the knowledge database.

3.5  Strategy/algorithm adopted

For the algorithms’ grouping, the techniques used, and the 
algorithms that had more than two occurrences were identi-
fied. For hybrid modeling, all algorithms were counted.

Regarding the most commonly used algorithms (cf. 
Table 3 and Fig. 5), the Fuzzy Miner algorithm (Günther 

Fig. 3  Evolution of process mining in healthcare. Source: author

Table 2  Database, number of articles retrieved. Source: the author

Area of application Number of 
articles

%

DM—discovery of process models 97 34.1
AR—analysis and resource assessment 67 24.8
AC—analysis and conformity check 47 17.4
PA—predictive analysis and outliers 17 6.3
Other (pre- and post-processing, systematic 

reviews and algorithm construction)
47 17.4

Grand total 270 100
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and Van der Aalst 2007) was used by 31.4% of the stud-
ies. The ease justifies this preference in discovering health 
models, providing a better understanding and representation, 
and managing to reduce the complexity and difficulties of 
representing such models..

The algorithms Alpha (Van der Aalst et al. 2002), with 
7.7%, and Heuristic Miner (Weijters et al. 2006), with 25.0% 
of usage, also show high adoption, demonstrating their pio-
neer character and availability in the ProM framework (Van 
der Aalst 2011). However, health care models are difficult to 
represent, often generating a complex view (spaghetti type) 
for the models of discovered processes.

The algorithm Inductive Visual Miner (Leemans et al. 
2014) had a low utilization rate (7.7%) due to its more 
recent project, in 2014. It has significant potential for use 
due to its robustness in the discovery of health care mod-
els, being capable of delivering a perfect fitness and log 
precision. However, the significance filter and extension 

capabilities available in the Inductive miner algorithm 
have a lower capacity than those available in Fuzzy miner, 
mainly when compared to commercial tools such as Disco 
(Fluxicon) and Celonis. On the other hand, a yet little-
explored differential is the Inductive Miner-infrequent 
(IMi) extension, which allows to detect problematic behav-
iors with low occurrence.

3.6  Main contributions of PM application 
to the health care field

Table 4 and Fig. 6 presents the studies and their classifica-
tion regarding the main focus concerning the contribution 
to the field of health care.

Among the suggested contributions, one could observe 
the main application of the PM approach is related to the 
task of process model discovery (35.5%), aimed at identi-
fying the most frequent activities for establishing or updat-
ing medical protocols and clinical guidelines that can be 
used for the standardization of health care trajectories and 
guidelines. Second, there is process compliance (17.4%), 
whose contribution is in confronting discovered models 
with standards identified or previously established by spe-
cialists or specialized companies. Another important point 
is the almost no existence of an effort for the integration 
process between systems that record patients’ events and 
implement PM tools. This greatly reduces the potential 
to exploit existing data on a large scale. Evidently, this 
integration gap of such systems and tools represents a sig-
nificant research and development potential.

Fig. 4  Applying process mining 
in healthcare. Source: author

Table 3  Process mining algorithms used in healthcare. Source: author

Algorithm Number of articles %

Fuzzy 49 31.4
Heuristic Miner 39 25.0
Based on Markov 12 7.7
Alpha 12 7.7
Inductive visual miner 10 6.4
Other models identified in the study 

containing up to 2 records
34 21.8

Grand total 156 100
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4  Discussion

4.1  Main findings and contributions

Based on the previous analyses, one may say the techno-
logical bases for discovering process models and verification 
of conformity, particularly regarding protocols and clinical 
guidelines, have already been established.

Nonetheless, there is still great potential to be explored 
concerning the systematized application of process mining 
in health care and a broader understanding by health care 
specialists. Such understanding goes through the fact that 
all activity generates events. These events are relevant to the 
disclosure of knowledge about processes related to clinical 
guidelines and protocols, making it easier to link-local or 
international trends or good practices to the application of 
evidence-based medicine in health care management.

The health care segment often offers resistance to innova-
tions, but today society demands a disruptive model of assis-
tance vis-à-vis its sustainability. This, to a certain extent, 
should potentiate the abandonment of conventional manage-
ment and control solutions, and integrate technology to meet 
patients’ wishes for more quality of life and care, increasing 
the value offered to the chain of health service providers 
through the quality delivered to its customers.

4.2  Needs of the health care field

Due to the changes in the demographic profile, health ser-
vices are expected to increase (Kilsztajn et al. 2016), and the 
care for the elderly and the chronically ill is becoming an 

essential strategy for all health stakeholders. Such possibil-
ity becomes a potential to be explored with Process Mining 
techniques, among which discover process models, with the 
possibility of comparative analysis with protocols and clini-
cal guidelines, pointing to care deviations and alert signs. 
Here, the use of tools that allow long-term and systematic 
follow-up is highly relevant due to the frailties involved in 
the care to elderly people and high-cost situations, to provide 
health services.

Regarding the evaluation of health technology, the PM 
proposal is appropriate. It integrates with new approaches 
that operate with real and online data, also called Real-World 
Data, used in analyses titled Real-World Evidence (Sher-
man et al. 2016; Dang and Vallish 2016; Guerra-Júnior 
et al. 2017), thus enabling a more cost-effective health care 
process due to having an analysis with higher speed and 
usability (Guerra-Júnior et al. 2017), allowing managers 
to dedicate themselves to obtaining a more global vision 
of the health care process, consequently creating space to 
provide the most cost-effective use of health resources and, 
especially, to reduce adverse events and life-threatening 
situations.

4.3  Opportunities and improvements for PM use

Contributions resulting from the application of PM in health 
care not only focus on the opportunity to improve health 
management, but also contribute to the improvement in the 
use and transformation of data from patient records and to 
guidance on possible best practices in the quality of health 

Fig. 5  Process mining algo-
rithms used in healthcare. 
Source: author
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Table 4  Main contributions to the Health care field. Source: the author

Main contribuition References Nr. %

Analysis and discovery of process models (clinical protocols and 
guidelines) for evaluation of patient care.

Yang et al. (2017a), Fernández-Llatas et al. (2010), Perimal-
Lewis et al. (2017), Neamsirorat and Premchaiswadi (2015), 
Tóth et al. (2017), Fei and Meskens (2013), Papadopoulos 
et al. (2015), Fernandez-Llatas et al. (2015a), Huang et al. 
(2014a), Prodel et al. (2015), Tesanovic et al. (2009), Augusto 
et al. (2016), Zhou and Piramuthu (2010), Perimal-Lewis 
et al. (2012), Gatta et al. (2017), Yao et al. (2015), Caron et al. 
(2013), Perimal-Lewis et al. (2014), Siddiqui et al. (2015), 
Delias et al. (2015), Xu et al. (2017a), Fernandez-Llatas et al. 
(2016), Erdogan and Tarhan (2016), Vitali and Pernici (2016), 
Curia et al. (2005), Huang et al. (2013a), Chen et al. (2018), 
Comuzzi et al. (2012), Li et al. (2017), Xing et al. (2007), 
Caron et al. (2014a), Huang et al. (2015b), Kaymak et al. 
(2012), Halioui et al. (2017), Prodel et al. (2017), Metsker 
et al. (2017), Zhang et al. (2015), Meier et al. (2015), Zhou 
et al. (2014), Garg and Agarwal (2016), Baker et al. (2017), 
Chen et al. (2017), Klausner et al. (2014), Meng et al. (2016), 
Ma’arif (2017), Huang et al. (2014b), Wang et al. (2017), 
Lu et al. (2016), Xu et al. (2016a, b), Dagliati et al. (2017), 
Fernandez-Llatas et al. (2014), Micieli et al. (2010), Funkner 
et al. (2017b), Maruster et al. (2001), Bergenthum et al. (2007), 
Basole et al. (2015a), Kim et al. (2013), Cho et al. (2014), 
Fernandez-Llatas et al. (2015b), Matamalas et al. (2018), 
Baghapour et al. (2018), Epure et al. (2018), Kovalchuk et al. 
(2018), Metsker et al. (2018), Tsumoto et al. (2018), Yang et al. 
(2018b), Langab et al. (2008), Litchfield et al. (2018), Conca 
et al. (2018), Homayounfar (2012), Leonardi et al. (2018), 
Yang et al. (2018c), Xu et al. (2017b), Grando et al. (2018), 
Fernández-Llatas et al. (2013), Aguirre et al. (2019), AHM 
ter Hofstede et al. (2019), Andrews et al. (2019), Bemthuis 
et al. (2019), Ben-Israel et al. (2019), Banerjee et al. (2019), 
Fan et al. (2019), Gatta et al. (2019), Horsky (2019), Ibanez-
Sanchez et al. (2019), Leonardi et al. (2019), Leung and van 
Merode (2019), Marazza et al. (2019), Neira et al. (2019), 
Nguyen and Eskofier (2019), Rojas et al. (2019), Saint-Pierre 
Cortés (2019), Sharma and Srivastava (2019), Sushma et al. 
(2019), Zhou et al. (2019)

96 35.5

Process compliance assessment compared to medical protocols 
and clinical guidelines

Rebuge and Ferreira (2012), Ciccarese et al. (2003), Huang et al. 
(2013b), Li et al. (2010), Prodel et al. (2017), Lismont et al. 
(2016), Sánchez-Garzón et al. (2014), Mulyar et al. (2007), 
Basole et al. (2015b), de Leoni et al. (2015), Kukreja and Batra 
(2017), Giacalone et al. (2018), Kelleher et al. (2013), Riano 
and Ortega (2017), Peleg (2013), Wang et al. (2014), Defos-
sez et al. (2014), Funkner et al. (2017a), Rovani et al. (2015), 
Kelleher et al. (2014), Zhou et al. (2017), Montani et al. (2014), 
Alizadeh et al. (2018), Yang et al. (2017b), Letia and Goron 
(2015), Huang et al. (2012a, b), Chomyat and Premchaiswadi 
(2016), Xu et al. (2016a, b), Liu et al. (2014), Paster and Helm 
(2015), Caron et al. (2014b), del Pilar Villamil et al. (2017), 
Abdullah et al. (2018), Araghi et al. (2018a), Huang et al. 
(2018), Rinner et al. (2018), Helm et al. (2019), Bazhenova 
et al. (2019), Mandingorra et al. (2019), Pathak et al. (2019), 
Payne et al. (2019), Pérez-Benito et al. (2019), Rashid et al. 
(2019), Zaman and Hassani (2019), Jiménez-Ramírez et al. 
(2018), Arnolds and Gartner (2018), Yang et al. (2017c)

47 17.4
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Table 4  (continued)

Main contribuition References Nr. %

Performance evaluation; bottlenecks; and time management and 
scheduling

Abohamad et al. (2017), Rebuge et al. (2013), Yampaka and 
Chongstitvatana (2016), Jangvaha et al. (2017), Jaroenphol 
et al. (2015), Tsumoto and Hirano (2015), Forsberg et al. 
(2016), Toyawanit and Premchaiswadi (2016), Jaturogpattana 
et al. (2017), Tsumoto and Hirano (2016), Maruster and Jorna 
(2005), Saelim et al. (2016), Yoo et al. (2016a, b), Montani 
et al. (2017), Pla et al. (2014), Ganesha et al. (2017c), Blum 
et al. (2008), Araghi et al. (2018b), Quinn et al. (2017), Grando 
et al. (2017), Mans et al. (2008), Durojaiye et al. (2018), 
Orellana et al. (2015), Andersen and Broberg (2017), Meneu 
et al. (2013), Dahlin and Raharjo (2019), Dakic et al. (2019), 
Durojaiye et al. (2019), García et al. (2019), Hendricks (2019), 
Kittler and Rinderle-Ma (2019), Miranda et al. (2019), Sturm 
et al. (2019), Tamburis (2019), Uncu (2019), Ganesha et al. 
(2016), Vankipuram et al. (2019)

38 14.1

Analysis of allocation and use of resources/teams Zhang and Chen (2012), Mans et al. (2013), Rattanavayakorn and 
Premchaiswadi (2015), Ganesha et al. (2017a), Meethaisong 
and Premchaiswadi (2015), Zeng et al. (2013), Alvarez et al. 
(2018), Krutanard et al. (2015), Huang et al. (2011), Darabi 
et al. (2009), Ganesha et al. (2017b), Partington et al. (2015), 
Jaisook and Premchaiswadi (2015), Guo et al. (2013), Cao et al. 
(2018), Duma and Aringhieri (2018), Furniss et al. (2016), 
Fernandez-Llatas et al. (2015c), Rismanchian and Lee (2017), 
He et al. (2019b), Hompes et al. (2019), Hoonakker et al. 
(2019), Lira et al. (2019), Kocsi et al. (2019)

24 8.8

Predictive analysis for case; disease and care management Lakshmanan et al. (2012), Fernández-Llatas et al. (2011), 
Munoz-Gama and Echizen (2012),Huang et al. (2016), Di 
Francescomarino et al. (2016), Zeng et al. (2015), Van Der 
Spoel et al. (2012), Dagliati et al. (2014), Yang et al. (2018a), 
Balakhontceva et al. (2018), Mannhardt and Toussaint (2018), 
Huang et al. (2015a), Benner-Wickner et al. (2015), Sekar et al. 
(2019)

14 5.1

Pre-processing (data collection; dimensionality reduction; data 
quality; olap)

Song et al. (2013), Suriadi et al. (2017), Rogge-Solti et al. 
(2013), Su and Al-Hakim (2010), Vogelgesang and Appelrath 
(2013), Zhang et al. (2011), Rojas et al. (2017), Najjar et al. 
(2018), Kurniati et al. (2018), Alharbi et al. (2018), Perimal-
Lewis et al. (2016), Lanzola et al. (2014), Benevento et al. 
(2019), Mannhardt et al. (2019), Fernandez-Llatas et al. (2019), 
Pereira Detro et al. (2019), Wu et al. (2019)

17 6.3

Systematic reviews; narratives or books Mans et al. (2015), Yang and Su (2014), Rojas et al. (2016), 
Kurniati et al. (2016), Ghasemi and Amyot (2016), Batista 
and Solanas (2018), Williams et al. (2018), He et al. (2019a), 
Benitez et al. (2019), dos Santos Garcia et al. (2019), Jangi 
et al. (2019)

11 4.1

Algorithm construction (methodology) Van der Aalst et al. (2002), Cheng et al. (2012), Chabrol et al. 
(2016), Pérez-Castillo et al. (2014), Mendling (2018), Weijters 
et al. (2006), Günther and Van der Aalst (2007), Leemans et al. 
(2014)

8 2.3

Deviation detection—outliers Han et al. (2011), Wolf et al. (2013), Bouarfa and Dankelman 
(2012)

3 1.1

Health technology assessment (analysis methodology using 
process mining)

Mans et al. (2012), Huang et al. (2012a, b), Cho et al. (2017) 3 1.1

Post-processing (treatment on the complexity of health process 
models)

Mapikou and Etoundi (2016), Ferreira et al. (2007), Gerhardt 
et al. (2018), Bose et al. (2013), Cho et al. (2019), Shahriar 
et al. (2019), Williams et al. (2019)

7 2.6

Customer satisfaction evaluation Kim and Lee (2013), van Genuchten et al. (2014) 2 0.7
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care services, thus reducing the difficulty in standardizing 
and systematizing the best practices of health services.

We also note the concern about the treatment of the large 
volume of data generated in the health care area and the 
importance of algorithms being able to treat situations that 
require the reduction of variability for the recognition of 
patterns in a dynamic way, acquiring rapid and systematic 
results with the least involvement of information technology 
specialists and professionals in matters related to pre- and 
post-processing tasks.

In the studies analyzed, a relatively short-sighted 
approach to the entire patient’s trajectory can be seen, 
regardless of the institution where the patient was treated. 
In other words, one can see there is still difficulty in finding 
a process model to represent the patient’s entire journey, 
traveling through various institutions throughout his or her 
care. The proposal of a single electronic health record is 
believed to be the way to achieve the analysis of the entire 
care trajectory of a patient. In addition to a single record, 
it is common knowledge that one should also consider the 
data and assessment of outcomes by adding questionnaires, 
functioning as self-assessment of the patient’s outcome.

The possibility of having an integrated tool with records 
and patient use information for the process-based assessment 
will allow for the indication of alert situations regarding 
care quality for the patient’s health and safety, in addition to 
potentiating the discovery of new standards, regardless of 
what the manager already knows. This shall generate new 

knowledge that is likely useful to specialists in a systematic 
and real-time manner.

4.4  Research conclusions

According to the chronology of process mining application 
to health care, one can notice there was a great impulse after 
2007, with the emergence of algorithms that can handle the 
complexity related the treatment of process variability in 
the health care field. The representation of comprehensive 
process models, made possible by the algorithms after this 
period, led to several studies being carried out and published 
with proposals for various solutions in health care.

Process Mining presents evidence to support process 
improvements, also supporting the shift to new models that 
favor the evaluation of health technologies and the quality 
of care associated with good management of patients with 
chronic diseases, dealing with patient eligibility, health pre-
vention and promotion, care monitoring and assessments, 
and best outcomes in Health.

In addition to acting directly on the improvement of such 
care, an evolution and interest in the development of PM 
techniques for the treatment of large data volumes can be 
noted, as well as for issues related to the fragmentation of 
data and information, thus enabling the visualization of the 
patients’ entire trajectory, improving the quality of health 
information.

Fig. 6  Applications Process mining in health. Source: author
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However, there are still some improvement points for 
fully using the Process Mining technique in the Health 
field, among them, the lack of information integration from 
the various health systems, the most appropriate treatment 
for the high variability of a patient’s event trajectory, the 
absence or difficulty of collecting clinical information, and 
processes that can automatically learn about pattern recogni-
tion. They can be stored in knowledge databases—reposito-
ries that store and maintain these patterns—, being, there-
fore, used as an automatic form for compliance analysis and 
verification of adherence to medical protocols and clinical 
guidelines.

Acknowledgements The authors gratefully acknowledge the sup-
port and funding of this research by CAPES Coordenação de Aper-
feiçoamento de Pessoal de Nível Superior (CAPES) under Grant no.: 
88,887.147294/2017-00 and 88887.147202/2017-00. This study was 
partially financed by CAPES—Financial Code 001.

Compliance with ethical standards 

Conflict of interest The authors declare that there is no conflict of in-
terest regarding the publication of this article.

References

Abdullah N, Odeh Y, Saadeh H, Iqniebi A, Hassan A, Nasser W et al 
(2018) Towards a process-based and service-oriented intelligent 
framework for Ig/TCR clonality testing in suspected lymphopro-
liferative neoplasms. In: 2018 1st international conference on 
cancer care informatics (CCI). IEEE, pp 165–179

Abohamad W, Ramy A, Arisha A (2017) A hybrid process-mining 
approach for simulation modeling. In: Proceedings of the 2017 
winter simulation conference. IEEE Press, p 117

Aguirre JA, Torres AC, Pescoran ME (2019) Evaluation of operational 
process variables in healthcare using process mining and data 
visualization techniques. Health 7:19

AHM ter Hofstede AH, Bosley E, Elcock M, Rashford S (2019) Pre-
hospital retrieval and transport of road trauma patients in queens-
land. In: Business process management workshops: BPM 2018 
international workshops, Sydney, NSW, Australia 9–14, 2018, 
revised papers, vol 342. Springer, p 199

Alharbi A, Bulpitt A, Johnson OA (2018) Towards unsupervised detec-
tion of process models in healthcare. In MIE, pp 381–385

Alizadeh M, Lu X, Fahland D, Zannone N, van der Aalst WM (2018) 
Linking data and process perspectives for conformance analysis. 
Comput Secur 73:172–193

Alvarez C, Rojas E, Arias M, Munoz-Gama J, Sepúlveda M, Hersko-
vic V, Capurro D (2018) Discovering role interaction models 
in the emergency room using process mining. J Biomed Inform 
78:60–77

Andersen SN, Broberg O (2017) A framework of knowledge creation 
processes in participatory simulation of hospital work systems. 
Ergonomics 60(4):487–503

Andrews R, Wynn MT, Vallmuur K, Ter Hofstede AH, Bosley E, 
Elcock M, Rashford S (2019) Leveraging data quality to better 
prepare for process mining: an approach illustrated through ana-
lysing road trauma pre-hospital retrieval and transport processes 
in Queensland. Int J Environ Res Public Health 16(7):1138

Araghi SN, Fontaili F, Lamine E, Salatge N, Lesbegueries J, Pouyade 
SR et al (2018) A conceptual framework to support discover-
ing of patients’ pathways as operational process charts. In: 2018 
IEEE/ACS 15th international conference on computer systems 
and applications (AICCSA). IEEE, pp 1–6

Araghi SN, Fontanili F, Lamine E, Tancerel L, Benaben F (2018b) 
Monitoring and analyzing patients’ pathways by the applica-
tion of Process Mining, SPC, and I-RTLS. IFAC-PapersOnLine 
51(11):980–985

Arnolds IV, Gartner D (2018) Improving hospital layout plan-
ning through clinical pathway mining. Ann Oper Res 
263(1–2):453–477

Augusto V, Xie X, Prodel M, Jouaneton B, Lamarsalle L (2016) Eval-
uation of discovered clinical pathways using process mining 
and joint agent-based discrete-event simulation. In: Proceed-
ings of the 2016 winter simulation conference. IEEE Press, pp 
2135–2146

Baghapour MA, Shooshtarian MR, Javaheri MR, Dehghanifard S, 
Sefidkar R, Nobandegani AF (2018) A computer-based approach 
for data analyzing in hospital’s health-care waste management 
sector by developing an index using consensus-based fuzzy 
multi-criteria group decision-making models. Int J Med Infor-
mat 118:5–15

Baker K, Dunwoodie E, Jones RG, Newsham A, Johnson O, Price CP 
et al (2017) Process mining routinely collected electronic health 
records to define real-life clinical pathways during chemotherapy. 
Int J Med Informat 103:32–41

Balakhontceva MA, Funkner AA, Semakova AA, Metsker OG, Zvar-
tau NE, Yakovlev AN et al (2018) Holistic modeling of chronic 
diseases for recommendation elaboration and decision making. 
Procedia Comput Sci 138:228–237

Banerjee S, Benlamri R, Bouzefrane S (2019) Optimization of ontol-
ogy-based clinical pathways and incorporating differential pri-
vacy in the healthcare system. In: Security designs for the cloud, 
iot, and social networking, pp 191–205

Basole RC, Braunstein ML, Kumar V, Park H, Kahng M, Chau DH 
et al (2015a) Understanding variations in pediatric asthma care 
processes in the emergency department using visual analytics. J 
Am Med Inform Assoc 22(2):318–323

Basole RC, Park H, Gupta M, Braunstein ML, Chau DH, Thompson M 
(2015) A visual analytics approach to understanding care process 
variation and conformance. In: Proceedings of the 2015 work-
shop on visual analytics in healthcare. ACM, p 6

Batista E, Solanas A (2018) Process mining in healthcare: a systematic 
review. In: 2018 9th international conference on information, 
intelligence, systems and applications (IISA). IEEE, pp 1–6

Bazhenova E, Zerbato F, Oliboni B, Weske M (2019) From BPMN 
process models to DMN decision models. Inf Syst 83:69–88

Bellazzi R (2014) Big data and biomedical informatics: a challenging 
opportunity. Yearb Med Inform 9(1):8

Bemthuis RH, Koot M, Mes MR, Bukhsh FA, Iacob ME, Meratnia N 
(2019) An agent-based process mining architecture for emergent 
behavior analysis. In: 2019 IEEE 23rd international enterprise 
distributed object computing workshop (EDOCW). IEEE, pp 
54–64

Benevento E, Dixit PM, Sani MF, Aloini D, van der Aalst WM (2019) 
Evaluating the effectiveness of interactive process discovery in 
healthcare: a case study. In: International conference on business 
process management. Springer, Cham, pp 508–519

Ben-Israel D, Jacobs WB, Casha S, Lang S, Ryu WHA, de Lotbiniere-
Bassett M, Cadotte DW (2019) The impact of machine learning 
on patient care: a systematic review. Artif Intell Med:101785

Benitez GB, Da Silveira GJ, Fogliatto FS (2019) Layout planning in 
healthcare facilities: a systematic review. HERD 12(3):31–44

Benner-Wickner M, Brückmann T, Gruhn V, Book M (2015) Pro-
cess mining for knowledge-intensive business processes. In: 



176 M. R. Dallagassa et al.

1 3

Proceedings of the 15th international conference on knowledge 
technologies and data-driven business. ACM, p 4

Bergenthum R, Desel J, Lorenz R, Mauser S (2007) Process mining 
based on regions of languages. In: International conference on 
business process managemen. Springer, Berlin, pp 375–383

Blum T, Padoy N, Feußner H, Navab N (2008) Modeling and online 
recognition of surgical phases using hidden markov models. 
In: International conference on medical image computing and 
computer-assisted intervention. Springer, Berlin, pp 627–635

Bose RJC, Van Der Aalst WM, Žliobaitė I, Pechenizkiy M (2013) 
Dealing with concept drifts in process mining. IEEE Trans 
Neural Netw Learn Syst 25(1):154–171

Bouarfa L, Dankelman J (2012) Workflow mining and outlier 
detection from clinical activity logs. J Biomed Inform 
45(6):1185–1190

Cao Y, Zhu J, Guo Y, Shi C (2018) Process mining-based medical 
program evolution. Comput Electr Eng 68:204–214

Caron F, Vanthienen J, Baesens B (2013) Healthcare analytics: 
examining the diagnosis–treatment cycle. Procedia Technol 
9:996–1004

Caron F, Vanthienen J, Vanhaecht K, Van Limbergen E, De Weerdt J, 
Baesens B (2014a) Monitoring care processes in the gynecologic 
oncology department. Comput Biol Med 44:88–96

Caron F, Vanthienen J, Vanhaecht K, Van Limbergen E, Deweerdt 
J, Baesens B (2014b) A process mining-based investigation of 
adverse events in care processes. Health Inf Manag J 43(1):16–25

Carvalho DR, Dallagassa MR, da Silva SH (2016) Uso de técnicas 
de mineração de dados para a identificação automática de ben-
eficiários propensos ao diabetes mellitus tipo 2. Informação 
Informação 20(3):274–296

Chabrol M, Dalmas B, Norre S, Rodier S (2016) A process tree-based 
algorithm for the detection of implicit dependencies. In: 2016 
IEEE tenth international conference on research challenges in 
information science (RCIS). IEEE, pp 1–11

Chen S, Yang S, Zhou M, Burd R, Marsic I (2017) Process-oriented 
iterative multiple alignment for medical process mining. In: 
2017 IEEE international conference on data mining workshops 
(ICDMW). IEEE, pp 438–445

Chen Y, Kho AN, Liebovitz D, Ivory C, Osmundson S, Bian J, Malin 
BA (2018) Learning bundled care opportunities from electronic 
medical records. J Biomed Inform 77:1–10

Cheng HJ, Ou-Yang C, Juan YC (2012) A hybrid evolutionary-based 
process mining technology to discover parallelism structures. In: 
2012 IEEE international conference on industrial engineering 
and engineering management. IEEE, pp 1573–1577

Cho M, Song M, Yoo S (2014) A systematic methodology for outpa-
tient process analysis based on process mining. In: Asia-Pacific 
conference on business process management. Springer, Cham, 
pp 31–42

Cho M, Song M, Comuzzi M, Yoo S (2017) Evaluating the effect of 
best practices for business process redesign: an evidence-based 
approach based on process mining techniques. Decis Support 
Syst 104:92–103

Cho M, Song M, Yoo S, Reijers HA (2019) An evidence-based deci-
sion support framework for clinician medical scheduling. IEEE 
Access 7:15239–15249

Chomyat W, Premchaiswadi W (2016) Process mining on medical 
treatment history using conformance checking. In: 2016 14th 
international conference on ICT and knowledge engineering 
(ICT&KE). IEEE, pp 77–83

Ciccarese P, Caffi E, Boiocchi L, Halevy A, Quaglini S, Kumar A, Ste-
fanelli M (2003) The NewGuide Project: guidelines, information 
sharing and learning from exceptions. In: Conference on artificial 
intelligence in medicine in Europe. Springer, Berlin, pp 163–167

Comuzzi M, Vonk J, Grefen P (2012) Measures and mechanisms 
for process monitoring in evolving business networks. Data 
Knowl Eng 71(1):1–28

Conca T, Saint-Pierre C, Herskovic V, Sepúlveda M, Capurro D, 
Prieto F, Fernandez-Llatas C (2018) Multidisciplinary col-
laboration in the treatment of patients with type 2 diabetes in 
primary care: analysis using process mining. J Med Internet 
Res 20(4):e127

Curia R, Gallucci L, Ruffolo M (2005) Knowledge management in 
health care: an architectural framework for clinical process man-
agement systems. In: 16th International workshop on database 
and expert systems applications (DEXA’05). IEEE, pp 393–397

Dagliati A, Sacchi L, Cerra C, Leporati P, De Cata P, Chiovato L et al 
(2014) Temporal data mining and process mining techniques to 
identify cardiovascular risk-associated clinical pathways in Type 
2 diabetes patients. In: IEEE-EMBS international conference on 
biomedical and health informatics (BHI). IEEE, pp 240–243

Dagliati A, Sacchi L, Zambelli A, Tibollo V, Pavesi L, Holmes JH, 
Bellazzi R (2017) Temporal electronic phenotyping by mining 
careflows of breast cancer patients. J Biomed Inform 66:136–147

Dahlin S, Raharjo H (2019) Relationship between patient costs and 
patient pathways. Int J Health Care Qual Assur

Dakic D, Sladojevic S, Lolic T, Stefanovic D (2019) Process mining 
possibilities and challenges: a case study

Dallagassa MR, Iachecen F, Carvalho DR, Ioshii SO (2019) Design 
of a geospatial model applied to Health management. Revista 
brasileira de enfermagem 72(2):420–426

Dang A, Vallish BN (2016) Real world evidence: an Indian perspective. 
Perspect Clin Res 7(4):156

Darabi H, Galanter WL, Lin JYY, Buy U, Sampath R (2009) Modeling 
and integration of hospital information systems with Petri nets. 
In: 2009 IEEE/INFORMS international conference on service 
operations, logistics and informatics. IEEE, pp 190–195

de Leoni M, Maggi FM, van der Aalst WM (2015) An alignment-based 
framework to check the conformance of declarative process mod-
els and to preprocess event-log data. Inf Syst 47:258–277

Defossez G, Rollet A, Dameron O, Ingrand P (2014) Temporal repre-
sentation of care trajectories of cancer patients using data from 
a regional information system: an application in breast cancer. 
BMC Med Inform Decis Mak 14(1):24

del Pilar Villamil M, Barrera D, Velasco N, Bernal O, Fajardo E, 
Urango C, Buitrago S (2017) Strategies for the quality assess-
ment of the health care service providers in the treatment of 
Gastric Cancer in Colombia. BMC health Serv Res 17(1):654

Delias P, Doumpos M, Grigoroudis E, Manolitzas P, Matsatsinis N 
(2015) Supporting healthcare management decisions via robust 
clustering of event logs. Knowl-Based Syst 84:203–213

Di Francescomarino C, Dumas M, Maggi FM, Teinemaa I (2016) 
Clustering-based predictive process monitoring. IEEE Trans 
Serv Comput

dos Santos Garcia C, Meincheim A, Junior ERF, Dallagassa MR, Sato 
DMV, Carvalho DR et al (2019) Process mining techniques and 
applications—a systematic mapping study. Expert Syst Appl

Duma D, Aringhieri R (2018) An ad hoc process mining approach to 
discover patient paths of an Emergency Department. Flex Serv 
Manuf J:1–29

Durojaiye AB, McGeorge NM, Puett LL, Stewart D, Fackler JC, Hoo-
nakker PL et al (2018) Mapping the flow of pediatric trauma 
patients using process mining. Appl Clin Inform 9(03):654–666

Durojaiye AB, Levin S, Toerper M, Kharrazi H, Lehmann HP, Gurses 
AP (2019) Evaluation of multidisciplinary collaboration in 
pediatric trauma care using EHR data. J Am Med Inform Assoc 
26(6):506–515

Epure EV, Compagno D, Salinesi C, Deneckere R, Bajec M, Žitnik 
S (2018) Process models of interrelated speech intentions from 
online health-related conversations. Artif Intell Med 91:23–38



177Opportunities and challenges for applying process mining in healthcare: a systematic mapping…

1 3

Erdoğan T, Tarhan A (2016) Process mining for healthcare process ana-
lytics. In: 2016 Joint conference of the international workshop on 
software measurement and the international conference on soft-
ware process and product measurement (IWSM-MENSURA). 
IEEE, pp 125–130

Fan B, Zhang X, Fan W (2019) Identifying physician fraud in health-
care with open data. In: International conference on smart health. 
Springer, Cham, pp 222–235

Fei H, Meskens N (2013) Clustering of patients’ trajectories with an 
auto-stopped bisecting K-Medoids algorithm. J Math Model 
Algorithms Oper Res 12(2):135–154

Fernandez-Llatas C, Sacchi L, Benedi JM, Dagliati A, Traver V, 
Bellazzi R (2014) Temporal abstractions to enrich activity-based 
process mining corpus with clinical time series. In: IEEE-EMBS 
international conference on biomedical and health informatics 
(BHI). IEEE, pp 785–788

Fernandez-Llatas C, Lizondo A, Monton E, Benedi JM, Traver 
V (2015a) Process mining methodology for health process 
tracking using real-time indoor location systems. Sensors 
15(12):29821–29840

Fernandez-Llatas C, Martinez-Millana A, Martinez-Romero A, Benedi 
JM, Traver V (2015) Diabetes care related process modelling 
using Process Mining techniques. Lessons learned in the appli-
cation of Interactive Pattern Recognition: coping with the Spa-
ghetti Effect. In: 2015 37th Annual international conference of 
the IEEE engineering in medicine and biology society (EMBC). 
IEEE, pp 2127–2130

Fernandez-Llatas C, Valdivieso B, Traver V, Benedi JM (2015) Using 
process mining for automatic support of clinical pathways 
design. In: Data mining in clinical medicine. Humana Press, 
New York, pp 79–88

Fernandez-Llatas C, Bayo JL, Martinez-Romero A, Benedí JM, Traver 
V (2016) Interactive pattern recognition in cardiovascular disease 
management. A process mining approach. In: 2016 IEEE-EMBS 
international conference on biomedical and health informatics 
(BHI). IEEE, pp 348–351

Fernandez-Llatas C, Martinez-Millana A, Orini S, Sacchi L, Lenko-
wicz J, Marcos M et al (2019) Clinical Guidelines: a crossroad 
of many research areas. Chall Opportunit Process Min Healthc

Fernández-Llatas C, Meneu T, Benedi JM, Traver V (2010) Activ-
ity-based process mining for clinical pathways computer aided 
design. In: 2010 Annual international conference of the IEEE 
engineering in medicine and biology. IEEE, pp 6178–6181

Fernández-Llatas C, Garcia-Gomez JM, Vicente J, Naranjo JC, Robles 
M, Benedi JM, Traver V (2011) Behaviour patterns detection for 
persuasive design in nursing homes to help dementia patients. In: 
2011 Annual international conference of the IEEE engineering in 
medicine and biology society. IEEE, pp 6413–6417

Fernández-Llatas C, Benedi JM, García-Gómez J, Traver V (2013) Pro-
cess mining for individualized behavior modeling using wireless 
tracking in nursing homes. Sensors 13(11):15434–15451

Ferreira D, Zacarias M, Malheiros M, Ferreira P (2007) Approaching 
process mining with sequence clustering: experiments and find-
ings. In: International conference on business process manage-
ment. Springer, Berlin, pp 360–374

Forsberg D, Rosipko B, Sunshine JL (2016) Analyzing PACS usage 
patterns by means of process mining: steps toward a more 
detailed workflow analysis in radiology. J Digit Imaging 
29(1):47–58

Funkner AA, Yakovlev AN, Kovalchuk SV (2017a) Data-driven mod-
eling of clinical pathways using electronic health records. Pro-
cedia Comput Sci 121:835–842

Funkner AA, Yakovlev AN, Kovalchuk SV (2017b) Towards evolution-
ary discovery of typical clinical pathways in electronic health 
records. Procedia Comput Sci 119:234–244

Furniss SK, Burton MM, Grando A, Larson DW, Kaufman DR (2016) 
Integrating process mining and cognitive analysis to study EHR 
workflow. In: AMIA annual symposium proceedings, vol 2016. 
American Medical Informatics Association, p 580

Ganesha K, Dhanush S, Raj SS (2017a) An approach to fuzzy process 
mining to reduce patient waiting time in a hospital. In: 2017 
International conference on innovations in information, embed-
ded and communication systems (ICIIECS). IEEE, pp 1–6

Ganesha K, Raj SS, Dhanush S (2017b) Process mining approach for 
efficient utilization of resources in a hospital. In: 2017 Interna-
tional conference on innovations in information, embedded and 
communication systems (ICIIECS). IEEE, pp 1–5

Ganesha K, Soundarya M, Supriya KV (2017c) The best fit process 
model for the utilization of the physical resources in hospitals by 
applying inductive visual miner. In: 2017 International confer-
ence on inventive communication and computational technolo-
gies (ICICCT). IEEE, pp 318–322

García AO, Lima CD, Herrera IL (2019) Detection of bottlenecks in 
hospital processes from the XAVIA HIS system using process 
mining. IEEE Latin Am Trans 17(01):18–25

Garg N, Agarwal S (2016) Process Mining for clinical workflows. 
In: Proceedings of the international conference on advances in 
information communication technology & computing. ACM, p 5

Gatta R, Vallati M, Lenkowicz J, Rojas E, Damiani A, Sacchi L et al 
(2017) Generating and comparing knowledge graphs of medi-
cal processes using pMineR. In: Proceedings of the knowledge 
capture conference. ACM, p 36

Gatta R, Vallati M, Fernandez-Llatas C, Martinez-Millana A, Orini S, 
Sacchi L et al (2019) Clinical guidelines: a crossroad of many 
research areas. Challenges and opportunities in process mining 
for healthcare. In: International conference on business process 
management. Springer, Cham, pp 545–556

Gerhardt R, Valiati JF, dos Santos JVC (2018) An investigation to 
identify factors that lead to delay in healthcare reimbursement 
process: a Brazilian case. Big Data Res 13:11–20

Ghasemi M, Amyot D (2016) Process mining in healthcare: a systema-
tised literature review

Giacalone M, Cusatelli C, Santarcangelo V (2018) Big data compliance 
for innovative clinical models. Big Data Res 12:35–40

Grando A, Groat D, Furniss SK, Nowak J, Gaines R, Kaufman DR et al 
(2017) Using process mining techniques to study workflows in a 
pre-operative setting. In: AMIA annual symposium proceedings, 
vol 2017. American Medical Informatics Association

Grando A, Manataki A, Furniss SK, Duncan B, Solomon A, Kaufman 
D et al (2018) Multi-method study of electronic health records 
workflows. In: AMIA annual symposium proceedings, vol 2018. 
American Medical Informatics Association, p 498

Guerra-Júnior AA, de Lemos LLP, Godman B, Bennie M, Osorio-
de-Castro CGS, Alvares J et al (2017) Health technology per-
formance assessment: real-world evidence for public healthcare 
sustainability. Int J Technol Assess Health Care 33(2):279–287

Günther CW, Van Der Aalst WM (2007) Fuzzy mining–adaptive pro-
cess simplification based on multi-perspective metrics. In: Inter-
national conference on business process management. Springer, 
Berlin, pp 328–343

Guo H, Brown R, Rasmussen R (2013) Workflow resource pattern 
modelling and visualization. In: Proceedings of the thirty-sixth 
australasian computer science conference, vol 135. Australian 
Computer Society, Inc., pp 31–40

Halioui A, Martin T, Valtchev P, Diallo AB (2017) Ontology-based 
workflow pattern mining: Application to bioinformatics exper-
tise acquisition. In: Proceedings of the symposium on applied 
computing. ACM, pp 824–827

Han B, Jiang L, Cai H (2011) Abnormal process instances identifi-
cation method in healthcare environment. In: 2011 IEEE 10th 



178 M. R. Dallagassa et al.

1 3

international conference on trust, security and privacy in comput-
ing and communications. IEEE, pp 1387–1392

He L, Madathil SC, Oberoi A, Servis G, Khasawneh MT (2019a) A 
systematic review of research design and modeling techniques in 
inpatient bed management. Comput Ind Eng 127:451–466

He Z, Wu Q, Wen L, Fu G (2019b) A process mining approach to 
improve emergency rescue processes of fatal gas explosion acci-
dents in Chinese coal mines. Saf Sci 111:154–166

Helm E, Lin AM, Baumgartner D, Lin AC, Küng J (2019) Adopting 
standard clinical descriptors for process mining case studies in 
healthcare. In: International conference on business process man-
agement. Springer, Cham, pp 608–619

Hendricks RM (2019) Process mining of incoming patients with sepsis. 
Online J Public Health Inform 11(2)

Homayounfar P (2012) Process mining challenges in hospital informa-
tion systems. In: 2012 Federated conference on computer science 
and information systems (FedCSIS). IEEE, pp 1135–1140

Hompes B, Dixit P, Buijs J (2019) Using process analytics to improve 
healthcare processes. In: Data science for healthcare. Springer, 
Cham, pp 305–325

Hoonakker PLT, Wooldridge AR, Hose BZ, Carayon P, Eithun B, Bra-
zelton TB et al (2019) Information flow during pediatric trauma 
care transitions: things falling through the cracks. Intern Emerg 
Med 14(5):797–805

Horsky J (2019) Cognitive behavior and clinical workflows. In: Cogni-
tive informatics. Springer, Cham, pp 9–29

Huang Z, Lu X, Duan H (2011) Mining association rules to support 
resource allocation in business process management. Expert Syst 
Appl 38(8):9483–9490

Huang B, Zhu P, Wu C (2012a) Customer-centered careflow modeling 
based on guidelines. J Med Syst 36(5):3307–3319

Huang Z, Lu X, Duan H (2012b) On mining clinical pathway patterns 
from medical behaviors. Artif Intell Med 56(1):35–50

Huang Z, Lu X, Duan H (2013a) Latent treatment pattern discovery for 
clinical processes. J Med Syst 37(2):9915

Huang Z, Lu X, Duan H, Fan W (2013b) Summarizing clinical path-
ways from event logs. J Biomed Inform 46(1):111–127

Huang Z, Dong W, Duan H, Li H (2014a) Similarity measure between 
patient traces for clinical pathway analysis: problem, method, and 
applications. IEEE J Biomed Health Inform 18(1):4–14

Huang Z, Dong W, Ji L, Gan C, Lu X, Duan H (2014b) Discovery 
of clinical pathway patterns from event logs using probabilistic 
topic models. J Biomed Inform 47:39–57

Huang Z, Dong W, Bath P, Ji L, Duan H (2015a) On mining latent 
treatment patterns from electronic medical records. Data Min 
Knowl Disc 29(4):914–949

Huang Z, Dong W, Ji L, Yin L, Duan H (2015b) On local anomaly 
detection and analysis for clinical pathways. Artif Intell Med 
65(3):167–177

Huang Z, Dong W, Ji L, He C, Duan H (2016) Incorporating comor-
bidities into latent treatment pattern mining for clinical pathways. 
J Biomed Inform 59:227–239

Huang Z, Ge Z, Dong W, He K, Duan H (2018) Probabilistic modeling 
personalized treatment pathways using electronic health records. 
J Biomed Inform 86:33–48

Ibanez-Sanchez G, Fernandez-Llatas C, Martinez-Millana A, Celda A, 
Mandingorra J, Aparici-Tortajada L et al (2019) Toward value-
based healthcare through interactive process mining in emer-
gency rooms: the stroke case. Int J Environ Res Public Health 
16(10):1783

Jaisook P, Premchaiswadi W (2015) Time performance analysis of 
medical treatment processes by using disco. In: 2015 13th 
International conference on ICT and knowledge engineering 
(ICT & knowledge engineering 2015). IEEE, pp 110–115

Jangi M, Moghbeli F, Ghaffari M, Vahedinemani A (2019) Hospital 
management based on semantic process mining: a systematic 
review. Front Health Inform 8(1):4

Jangvaha K, Porouhan P, Palangsantikul P, Premchaiswadi W (2017) 
Analysis of emergency room service using fuzzy process min-
ing technique. In: 2017 15th International conference on ICT 
and knowledge engineering (ICT&KE). IEEE, pp 1–5

Jaroenphol E, Porouhan P, Premchaiswadi W (2015) Analysis of 
the patients’ treatment process in a hospital in Thailand using 
fuzzy mining algorithms. In: 2015 13th International confer-
ence on ICT and knowledge engineering (ICT & Knowledge 
Engineering 2015). IEEE, pp 131–136

Jaturogpattana T, Arpasat P, Kungcharoen K, Intarasema S, Prem-
chaiswadi W (2017) Conformance analysis of outpatient data 
using process mining technique. In: 2017 15th International 
conference on ICT and knowledge engineering (ICT&KE). 
IEEE, pp 1–6

Jiménez-Ramírez A, Barba I, Reichert M, Weber B, Del Valle C 
(2018) Clinical processes—the killer application for con-
straint-based process interactions. In: International conference 
on advanced information systems engineering. Springer, Cham, 
pp 374–390

Kaymak U, Mans R, Van de Steeg T, Dierks M (2012) On process 
mining in health care. In: 2012 IEEE international conference 
on systems, man, and cybernetics (SMC). IEEE, pp 1859–1864

Kelleher DC, Bose JC, Waterhouse LJ, Carter EA, Burd RS (2013) 
Checklist implementation reduces Advanced Trauma Life Sup-
port workflow deviations during trauma resuscitations without 
pre-arrival notification. J Am Coll Surg 217(3):S101

Kelleher DC, Bose RJC, Waterhouse LJ, Carter EA, Burd RS (2014) 
Effect of a checklist on advanced trauma life support workflow 
deviations during trauma resuscitations without pre-arrival noti-
fication. J Am Coll Surg 218(3):459–466

Kilsztajn S, Rossbach A, da Camara MB, do Carmo MSN (2016) 
Serviços de saúde, gastos e envelhecimento da população bra-
sileira. Anais, pp 1–22

Kim S, Lee K (2013) Design of the integrated monitoring framework 
based on ontology for analyzing the customer feedback. In: 2013 
International conference on information science and applications 
(ICISA). IEEE, pp 1–4

Kim E, Kim S, Song M, Kim S, Yoo D, Hwang H, Yoo S (2013) Dis-
covery of outpatient care process of a tertiary university hospital 
using process mining. Healthc Inform Res 19(1):42–49

Kittler H, Rinderle-Ma S (2019) An application of process mining 
in the context of melanoma surveillance using time boxing. In: 
Business process management workshops: BPM 2018 interna-
tional workshops, Sydney, NSW, Australia 9–14, 2018, revised 
papers, vol 342. Springer, p 175

Klausner S, Entacher K, Kranzer S, Sönnichsen A, Flamm M, Fritsch 
G (2014) ProPath—a guideline based software for the imple-
mentation into the medical environment. In: 2014 IEEE Canada 
international humanitarian technology conference-(IHTC). IEEE, 
pp 1–6

Kocsi B, Pusztai L, Budai I (2019) New approach for resource alloca-
tion in digital healthcare 4.0

Kovalchuk SV, Funkner AA, Metsker OG, Yakovlev AN (2018) Simu-
lation of patient flow in multiple healthcare units using process 
and data mining techniques for model identification. J Biomed 
Inform 82:128–142

Krutanard C, Porouhan P, Premchaiswadi W (2015) Discovering 
organizational process models of resources in a hospital using 
Role Hierarchy Miner. In: 2015 13th International conference on 
ICT and knowledge engineering (ICT & knowledge engineering 
2015). IEEE, pp 125–130

Kukreja G, Batra S (2017) Analogize process mining techniques 
in healthcare: sepsis case study. In: 2017 4th International 



179Opportunities and challenges for applying process mining in healthcare: a systematic mapping…

1 3

conference on signal processing, computing and control (ISPCC). 
IEEE, pp 482–487

Kurniati AP, Johnson O, Hogg D, Hall G (2016) Process mining in 
oncology: a literature review. In: 2016 6th International confer-
ence on information communication and management (ICICM). 
IEEE, pp 291–297

Kurniati AP, Rojas E, Hogg D, Hall G, Johnson OA (2018) The 
assessment of data quality issues for process mining in health-
care using Medical Information Mart for Intensive Care III, 
a freely available e-health record database. Health Inform 
J:1460458218810760

Lakshmanan GT, Mukhi NK, Khalaf R, Martens A, Rozsnyai S (2012) 
Assessing the health of case-oriented semi-structured business 
processes. In: 2012 IEEE ninth international conference on ser-
vices computing. IEEE, pp 499–506

Langab M, Bürkle T, Laumann S, Prokosch HU (2008) Process min-
ing for clinical workflows: challenges and current limitations. 
In: EHealth beyond the horizon: get it there: proceedings of 
MIE2008 the XXIst international congress of the european fed-
eration for medical informatics, p 229

Lanzola G, Parimbelli E, Micieli G, Cavallini A, Quaglini S (2014) 
Data quality and completeness in a web stroke registry as the 
basis for data and process mining. J Healthc Eng 5(2):163–184

Leemans SJ, Fahland D, van der Aalst WM (2014) Process and devia-
tion exploration with inductive visual miner. BPM (Demos) 
1295(46):8

Leonardi G, Striani M, Quaglini S, Cavallini A, Montani S (2018) 
Leveraging semantic labels for multi-level abstraction in medical 
process mining and trace comparison. J Biomed Inform 83:10–24

Leonardi G, Montani S, Portinale L, Quaglini S, Striani M (2019) Dis-
covering knowledge embedded in bio-medical databases: experi-
ences in food characterization and in medical process mining. 
In: Innovations in big data mining and embedded knowledge. 
Springer, Cham, pp 117–136

Letia IA, Goron A (2015) Model checking as support for inspecting 
compliance to rules in flexible processes. J Vis Lang Comput 
28:100–121

Leung TI, van Merode GG (2019) Value-based health care supported 
by data science. In: Fundamentals of clinical data science. 
Springer, Cham, pp 193–212

Li C, Reichert M, Wombacher A (2010) The MinAdept clustering 
approach for discovering reference process models out of process 
variants. Int J Cooper Inf Syst 19(03n04):159–203

Li XY, Yuan JS, Kong YH (2017) Mining association rules from 
xml data with index table. In: 2007 International conference on 
machine learning and cybernetics, vol 7. IEEE, pp 3905–3910

Lira R, Salas-Morales J, Leiva L, Fuentes R, Delfino A, Nazal CH et al 
(2019) Process-oriented feedback through process mining for 
surgical procedures in medical training: the ultrasound-guided 
central venous catheter placement case. Int J Environ Res Public 
Health 16(11):1877

Lismont J, Janssens AS, Odnoletkova I, vanden Broucke S, Caron F, 
Vanthienen J (2016) A guide for the application of analytics on 
healthcare processes: a dynamic view on patient pathways. Com-
put Biol Med 77:125–134

Litchfield I, Hoye C, Shukla D, Backman R, Turner A, Lee M, Weber P 
(2018) Can process mining automatically describe care pathways 
of patients with long-term conditions in UK primary care? A 
study protocol. BMJ Open 8(12):e019947

Liu H, Liu Y, Li X, Xie G, Lakshmanan GT (2014) Towards path-
way variation identification: aligning patient records with a care 
pathway. In: Proceedings of the 23rd ACM international confer-
ence on conference on information and knowledge management. 
ACM, pp 1359–1368

Lu F, Zeng Q, Duan H (2016) Synchronization-core-based discovery of 
processes with decomposable cyclic dependencies. ACM TKDD 
10(3):31

Ma’arif MR (2017) Revealing daily human activity pattern using pro-
cess mining approach. In: 2017 4th international conference 
on electrical engineering, computer science and informatics 
(EECSI). IEEE, pp 1–5

Maissenhaelter BE, Woolmore AL, Schlag PM (2018) Real-world evi-
dence research based on big data. Der Onkologe 24(2):91–98

Mandingorra J, Aparici-Tortajada L, Martinez-Millana A, Munoz-
Gama J, Sepúlveda M, Rojas E et al (2019) Analyzing medical 
emergency processes with process mining: the stroke case. In: 
Business process management workshops: BPM 2018 interna-
tional workshops, Sydney, NSW, Australia 9–14, 2018, revised 
papers, vol 342. Springer, p 214

Mannhardt F, Toussaint PJ (2018) Revealing work practices in hospitals 
using process mining. In: MIE, pp 281–285

Mannhardt F, Koschmider A, Baracaldo N, Weidlich M, Michael J 
(2019) Privacy-preserving process mining. Bus Inf Syst Eng 
61(5):595–614

Mans R, Schonenberg H, Leonardi G, Panzarasa S, Cavallini A, Qua-
glini S, Van Der Aalst W (2008) Process mining techniques: an 
application to stroke care. In: MIE, vol 136, pp 573–578

Mans R, Reijers H, van Genuchten M, Wismeijer D (2012) Mining 
processes in dentistry. In: Proceedings of the 2nd ACM SIGHIT 
international health informatics symposium. ACM, pp 379–388

Mans R, Reijers H, Wismeijer D, Van Genuchten M (2013) A process-
oriented methodology for evaluating the impact of IT: a proposal 
and an application in healthcare. Inf Syst 38(8):1097–1115

Mans RS, Van Der Aalst WMP, Vanwersch RJ (2015) Process mining 
in healthcare: evaluating and exploiting operational healthcare 
processes. Springer, Heidelberg

Mapikou GLM, Etoundi RA (2016) A process mining oriented 
approach to improve process models analysis in developing 
countries. In: 2016 IEEE/ACS 13th international conference of 
computer systems and applications (AICCSA). IEE, pp 1–8

Marazza F, Bukhsh FA, Vijlbrief O, Geerdink J, Pathak S, van Keu-
len M, Seifert C (2019) Comparing process models for patient 
populations: application in breast cancer care. In: International 
conference on business process management. Springer, Cham, 
pp 496–507

Maruster L, Jorna RJ (2005) From data to knowledge: a method for 
modeling hospital logistic processes. IEEE Trans Inf Technol 
Biomed 9(2):248–255

Maruster L, van der Aalst W, Weijters T, van den Bosch A, Daelemans 
W (2001) Automated discovery of workflow models from hospi-
tal data. B. Kr€ oose, M. de Rijke:18

Matamalas JT, Arenas A, Martínez-Ballesté A, Solanas A, Alonso-
Villaverde C, Gómez S (2018) Revealing cause-effect relations 
in comorbidities analysis using process mining and tensor net-
work decomposition. In: 2018 9th International conference on 
information, intelligence, systems and applications (IISA). IEEE, 
pp 1–5

Meethaisong W, Premchaiswadi W (2015) Applying social network 
miner on medical event logs using handover of work metric. 
In: 2015 13th International conference on ICT and knowledge 
engineering (ICT & Knowledge Engineering 2015). IEEE, pp 
116–120

Meier J, Dietz A, Boehm A, Neumuth T (2015) Predicting treatment 
process steps from events. J Biomed Inform 53:308–319

Mendling J (2018) Interestingness of traces in declarative process min-
ing: the janus LTLpf approach. In: Business process manage-
ment: 16th international conference, BPM 2018, Sydney, NSW, 
Australia 9–14, 2018, proceedings, vol 11080. Springer, p 121

Meneu T, Traver V, Guillén S, Valdivieso B, Benedi J, Fernández-Lla-
tas C (2013) Heart cycle: facilitating the deployment of advanced 



180 M. R. Dallagassa et al.

1 3

care processes. In: 2013 35th Annual international conference of 
the IEEE engineering in medicine and biology society (EMBC). 
IEEE, pp 6996–6999

Meng F, Ooi CK, Keng Soh CK, Liang Teow K, Kannapiran P (2016) 
Quantifying patient flow and utilization with patient flow path-
way and diagnosis of an emergency department in Singapore. 
Health Syst 5(2):140–148

Metsker O, Bolgova E, Yakovlev A, Funkner A, Kovalchuk S (2017) 
Pattern-based mining in electronic health records for complex 
clinical process analysis. Procedia Comput Sci 119:197–206

Metsker O, Yakovlev A, Bolgova E, Vasin A, Koval-chuk S (2018) 
Identification of pathophysiological subclinical variances dur-
ing complex treatment process of cardiovascular patients. Pro-
cedia Comput Sci 138:161–168

Micieli G, Cavallini A, Quaglini S, Fontana G, Duè M (2010) The 
Lombardia Stroke Unit Registry: 1-year experience of a web-
based hospital stroke registry. Neurol Sci 31(5):555–564

Miranda MA, Salvatierra S, Rodríguez I, Álvarez MJ, Rodríguez V 
(2019) Characterization of the flow of patients in a hospital 
from complex networks. Health Care Manag Sci:1–14

Moher D, Liberati A, Tetzlaff J, Altman DG (2009) Preferred 
reporting items for systematic reviews and meta-analyses: the 
PRISMA statement. Ann Intern Med 151(4):264–269

Montani S, Leonardi G, Quaglini S, Cavallini A, Micieli G (2014) 
Improving structural medical process comparison by exploiting 
domain knowledge and mined information. Artif Intell Med 
62(1):33–45

Montani S, Leonardi G, Striani M, Quaglini S, Cavallini A (2017) 
Multi-level abstraction for trace comparison and process dis-
covery. Expert Syst Appl 81:398–409

Mulyar N, Van der Aalst WM, Peleg M (2007) A pattern-based 
analysis of clinical computer-interpretable guideline modeling 
languages. J Am Med Inform Assoc 14(6):781–787

Munoz-Gama J, Echizen I (2012) Insuring sensitive processes 
through process mining. In: 2012 9th International conference 
on ubiquitous intelligence and computing and 9th international 
conference on autonomic and trusted computing. IEEE, pp 
447–454

Najjar A, Reinharz D, Girouard C, Gagné C (2018) A two-step 
approach for mining patient treatment pathways in administra-
tive healthcare databases. Artif Intell Med 87:34–48

Neamsirorat W, Premchaiswadi W (2015) Analysis of surgical event 
logs in a hospital by using heuristics miner technique. In: 2015 
13th International conference on ICT and knowledge engineering 
(ICT & knowledge engineering 2015). IEEE, pp 105–109

Neira RAQ, Hompes BFA, de Vries JGJ, Mazza BF, de Almeida SLS, 
Stretton E et al (2019) Analysis and optimization of a sepsis clin-
ical pathway using process mining. In: International conference 
on business process management. Springer, Cham, pp 459–470

Nguyen A, Eskofier BM (2019) Conformance checking for a medi-
cal training process using petri net simulation and sequence 
alignment

Orellana AG, Pérez DA, Larrea OA (2015) Analysis of hospital pro-
cesses with process mining techniques. Stud Health Technol 
Inform 216:310–314

Papadopoulos AN, Tsiouris KM, Pappas IG, Zervakis ME, Koutsouris 
DD, Exarchos TP, Fotiadis DI (2015) Design and implementa-
tion of processes for the primary care in the healthcare system of 
Greece. In: 2015 IEEE 15th international conference on bioinfor-
matics and bioengineering (BIBE). IEEE, pp 1–4

Partington A, Wynn M, Suriadi S, Ouyang C, Karnon J (2015) Process 
mining for clinical processes: a comparative analysis of four Aus-
tralian hospitals. ACM TMIS 5(4):19

Paster F, Helm E (2015) From IHE audit trails to XES event logs facili-
tating process mining. In MIE, pp 40–44

Pathak S, van Rossen J, Vijlbrief O, Geerdink J, Seifert C, van Keu-
len M (2019) Post-structuring radiology reports of breast cancer 
patients for clinical quality assurance. In: IEEE/ACM transac-
tions on computational biology and bioinformatics

Payne P, Lopetegui M, Yu S (2019) A review of clinical workflow 
studies and methods. In: Cognitive informatics. Springer, Cham, 
pp 47–61

Peleg M (2013) Computer-interpretable clinical guidelines: a methodo-
logical review. J Biomed Inform 46(4):744–763

Pereira Detro S, Santos EAP, Panetto H, Loures ED, Lezoche M, 
Cabral Moro Barra C (2019) Applying process mining and 
semantic reasoning for process model customisation in health-
care. Enterprise Inf Syst:1–27

Pérez-Benito FJ, Sáez C, Conejero JA, Tortajada S, Valdivieso B, 
García-Gómez JM (2019) Temporal variability analysis reveals 
biases in electronic health records due to hospital process reen-
gineering interventions over seven years. PloS One:14(8)

Pérez-Castillo R, Weber B, de Guzmán IGR, Piattini M, Pinggera J 
(2014) Assessing event correlation in non-process-aware infor-
mation systems. Softw Syst Model 13(3):1117–1139

Perimal-Lewis L, Qin S, Thompson C, Hakendorf P (2012) Gaining 
insight from patient journey data using a process-oriented analy-
sis approach. In: Proceedings of the Fifth Australasian workshop 
on health informatics and knowledge management, vol 129. Aus-
tralian Computer Society, Inc, pp 59–66

Perimal-Lewis L, De Vries D, Thompson CH (2014) Health intelli-
gence: discovering the process model using process mining by 
constructing start-to-end patient journeys. In: Proceedings of the 
seventh australasian workshop on health informatics and knowl-
edge management, vol 153. Australian Computer Society, Inc, 
pp 59–67

Perimal-Lewis L, Teubner D, Hakendorf P, Horwood C (2016) Appli-
cation of process mining to assess the data quality of routinely 
collected time-based performance data sourced from electronic 
health records by validating process conformance. Health Inform 
J 22(4):1017–1029

Pla A, Gay P, Meléndez J, López B (2014) Petri net-based process 
monitoring: a workflow management system for process model-
ling and monitoring. J Intell Manuf 25(3):539–554

Prodel MV, Xie X, Jouaneton B, Lamarsalle L (2015) Discovery of 
patient pathways from a national hospital database using pro-
cess mining and integer linear programming. In: 2015 IEEE 
international conference on automation science and engineering 
(CASE). IEEE, pp 1409–1414

Prodel MV, Xie X, Jouaneton B, Lamarsalle L (2017) Stochastic simu-
lation of clinical pathways from raw health databases. In: 2017 
13th IEEE conference on automation science and engineering 
(CASE). IEEE, pp 580–585

Prodel MOV, Jouaneton B, Lamarsalle L, Xie X (2018) Optimal pro-
cess mining for large and complex event logs. IEEE Trans Autom 
Sci Eng 15(3):1309–1325

Quinn JG, Conrad DM, Cheng CK (2017) Process mining is an underu-
tilized clinical research tool in transfusion medicine. Transfusion 
57(3):501–503

Rashid A, Butt NA, Choudhary NR, Choudhary R, Jabeen H (2019) 
Process mining approach towards optimization of ERP business 
processes: a case study of healthcare. Univ Sindh J Inf Commun 
Technol 3(1):7–16

Rattanavayakorn P, Premchaiswadi W (2015) Analysis of the social 
network miner (working together) of physicians. In: 2015 13th 
International conference on ICT and knowledge engineering 
(ICT & knowledge engineering 2015). IEEE, pp 121–124

Rebuge Á, Ferreira DR (2012) Business process analysis in healthcare 
environments: a methodology based on process mining. Inf Syst 
37(2):99–116



181Opportunities and challenges for applying process mining in healthcare: a systematic mapping…

1 3

Rebuge Á, Lapão LV, Freitas A, Cruz-Correia R (2013) A process 
mining analysis on a virtual electronic patient record system. 
In: Proceedings of the 26th IEEE international symposium on 
computer-based medical systems. IEEE, pp 554–555

Riano D, Ortega W (2017) Computer technologies to integrate medical 
treatments to manage multimorbidity. J Biomed Inform 75:1–13

Rinner C, Helm E, Dunkl R, Kittler H, Rinderle-Ma S (2018) Process 
mining and conformance checking of long running processes in 
the context of melanoma surveillance. Int J Environ Res Public 
Health 15(12):2809

Rismanchian F, Lee YH (2017) Process mining-based method of 
designing and optimizing the layouts of emergency departments 
in hospitals. HERD 10(4):105–120

Rogge-Solti A, Mans RS, van der Aalst WM, Weske M (2013) Improv-
ing documentation by repairing event logs. In: IFIP working con-
ference on the practice of enterprise modeling. Springer, Berlin, 
pp 129–144

Rojas E, Munoz-Gama J, Sepúlveda M, Capurro D (2016) Process 
mining in healthcare: a literature review. J Biomed Inform 
61:224–236

Rojas E, Sepúlveda M, Munoz-Gama J, Capurro D, Traver V, Fernan-
dez-Llatas C (2017) Question-driven methodology for analyz-
ing emergency room processes using process mining. Appl Sci 
7(3):302

Rojas E, Cifuentes A, Burattin A, Munoz-Gama J, Sepúlveda M, 
Capurro D (2019) Performance analysis of emergency room epi-
sodes through process mining. Int J Environ Res Public Health 
16(7):1274

Rovani M, Maggi FM, de Leoni M, van der Aalst WM (2015) 
Declarative process mining in healthcare. Expert Syst Appl 
42(23):9236–9251

Saelim N, Porouhan P, Premchaiswadi W (2016) Improving organiza-
tional process of a hospital through Petri-net based repair models. 
In: 2016 14th international conference on ICT and knowledge 
engineering (ICT&KE). IEEE, pp 109–115

Saint-Pierre Cortés C (2019) Multidisciplinary collaboration in diabe-
tes care teams through electronic medical records analysis

Sánchez-Garzón I, González-Ferrer A, Fernández-Olivares J (2014) 
A knowledge-based architecture for the management of patient-
focused care pathways. Appl Intell 40(3):497–524

Sekar KR, Easwar M, Manikandan R, Ravichandran KS (2019) Pre-
dictive analysis on behavioural risk factor surveillance system 
through ensemble classifiers and clusters. J Natl Med Assoc 
111(1):103–117

Shahriar H, Zhang C, Talukder MAI, Ahamed SI (2019) Resources 
for healthcare workflow modeling and analysis. In: Proceedings 
of the 34th ACM/SIGAPP symposium on applied computing, 
pp 2469–2472

Sharma S, Srivastava S (2019) QCPW: a quality centric process work-
flow improvement approach for a legacy healthcare information 
system. IET Softw

Sherman RE, Anderson SA, Dal Pan GJ, Gray GW, Gross T, Hunter 
NL et al (2016) Real-world evidence—what is it and what can it 
tell us. N Engl J Med 375(23):2293–2297

Siddiqui ZF, Krempl G, Spiliopoulou M, Pena JM, Paul N, Maestu F 
(2015) Predicting the post-treatment recovery of patients suffer-
ing from traumatic brain injury (TBI). Brain Inform 2(1):33–44

Song M, Yang H, Siadat SH, Pechenizkiy M (2013) A comparative 
study of dimensionality reduction techniques to enhance trace 
clustering performances. Expert Syst Appl 40(9):3722–3737

Sturm C, Fichtner M, Schönig S (2019) Full support for efficiently 
mining multi-perspective declarative constraints from process 
logs. Information 10(1):29

Su Y, Al-Hakim L (2010) Intelligent control model for checking 
data quality in hospital process management. In: 2010 The 2nd 

international conference on industrial mechatronics and automa-
tion, vol 2. IEEE, pp 376–379

Suriadi S, Andrews R, ter Hofstede AH, Wynn MT (2017) Event log 
imperfection patterns for process mining: towards a systematic 
approach to cleaning event logs. Inf Syst 64:132–150

Sushma Y, Rajeshwar J, Tejasree S (2019) Privacy preservation in 
health care by process mining. In: Innovations in computer sci-
ence and engineering. Springer, Singapore, pp 83–89

Tamburis O (2019) Bridging the gap between process mining and DES 
modeling in the healthcare domain. In: 2019 E-health and bioen-
gineering conference (EHB). IEEE, pp 1–4

Tesanovic A, Manev G, Pechenizkiy M, Vasilyeva E (2009) eHealth 
personalization in the next generation RPM systems. In: 2009 
22nd IEEE international symposium on computer-based medical 
systems. IEEE, pp 1–8

Tóth K, Machalik K, Fogarassy G, Vathy-Fogarassy Á (2017) Appli-
cability of process mining in the exploration of healthcare 
sequences. In: 2017 IEEE 30th neumann colloquium (NC). IEEE, 
p 000151-000156

Toyawanit T, Premchaiswadi W (2016) Applying inductive Visual 
Miner technique to analyze and detect problems in procedures 
of a hospital in Thailand. In: 2016 14th international conference 
on ICT and knowledge engineering (ICT&KE). IEEE, pp 98–104

Tsumoto S, Hirano S (2015) Analytics for hospital management. In: 
Proceedings of the ASE bigdata & socialinformatics 2015. ACM, 
p 15

Tsumoto S, Hirano S (2016) Data mining oriented software quality 
estimation. Procedia Comput Sci 91:1028–1037

Tsumoto S, Kimura T, Iwata H, Hirano S (2018) Clinical pathway 
generation from hospital information system. Procedia Comput 
Sci 139:545–553

Uncu N (2019) Event data visualization through process mining: a 
case for emergency medical service system in adana. Eur J Tech 
9(2):320–329

Van der Aalst WMP (2011) Process mining, vol 53. Springer, Berlin
Van der Aalst WMP, Weijters AJMM, Maruster L (2002) Workflow 

mining: which processes can be rediscovered? In Eindhoven 
University of Technology

Van Der Spoel S, Van Keulen M, Amrit C (2012) Process prediction 
in noisy data sets: a case study in a dutch hospital. In: Interna-
tional symposium on data-driven process discovery and analysis. 
Springer, Berlin, pp 60–83

Van Genuchten M, Mans R, Reijers H, Wismeijer D (2014) Is 
your upgrade worth it? Process mining can tell. IEEE Softw 
31(5):94–100

Vankipuram A, Patel VL, Traub S, Shortliffe EH (2019) Overlaying 
multiple sources of data to identify bottlenecks in clinical work-
flow. J Biomed Inform X 1:100004

Vitali M, Pernici B (2016) Interconnecting processes through IoT in 
a health-care scenario. In: 2016 IEEE international smart cities 
conference (ISC2). IEEE, pp 1–6

Vogelgesang T, Appelrath H (2013) Multidimensional process min-
ing: a flexible analysis approach for health services research. In: 
Proceedings of the joint EDBT/ICDT 2013 workshops. ACM, 
pp 17–22

Wang HQ, Zhou TS, Tian LL, Qian YM, Li JS (2014) Creating hospi-
tal-specific customized clinical pathways by applying semantic 
reasoning to clinical data. J Biomed Inform 52:354–363

Wang T, Tian X, Yu M, Qi X, Yang L (2017) Stage division and pattern 
discovery of complex patient care processes. J Syst Sci Complex 
30(5):1136–1159

Weijters AJMM, van Der Aalst WM, De Medeiros AA (2006) Process 
mining with the heuristics miner-algorithm. Technische Univer-
siteit Eindhoven. Tech Rep WP 166:1–34



182 M. R. Dallagassa et al.

1 3

Williams R, Rojas E, Peek N, Johnson OA (2018) Process mining in 
primary care: a literature review. Stud Health Technol Inform 
247:376–380

Williams R, Ashcroft DM, Brown B, Rojas E, Peek N, Johnson O 
(2019) Process mining in primary care: avoiding adverse events 
due to hazardous prescribing. Stud Health Technol Inform 
264:447–451

Wolf H, Herrmann K, Rothermel K (2013) Dealing with uncertainty: 
robust workflow navigation in the healthcare domain. ACM TIST 
4(4):65

Wu DT, Deoghare S, Shan Z, Meganathan K, Blondon K (2019) The 
potential role of dashboard use and navigation in reducing medi-
cal errors of an electronic health record system: a mixed-method 
simulation handoff study. Health Syst 8(3):203–214

Xing J, Li Z, Cheng Y, Yin F, Li B, Chen L (2007) Mining process 
models from event logs in distributed bioinformatics workflows. 
In: The first international symposium on data, privacy, and 
e-commerce (ISDPE 2007). IEEE, pp 8–12

Xu X, Jin T, Wang J (2016) Summarizing patient daily activities 
for clinical pathway mining. In: 2016 IEEE 18th international 
conference on e-health networking, applications and services 
(healthcom). IEEE, pp 1–6

Xu X, Jin T, Wei Z, Lv C, Wang J (2016) TCPM: topic-based clinical 
pathway mining. In: 2016 IEEE First international conference 
on connected health: applications, systems and engineering tech-
nologies (CHASE). IEEE, pp 292–301

Xu X, Jin T, Wei Z, Wang J (2017) Incorporating domain knowledge 
into clinical goal discovering for clinical pathway mining. In: 
2017 IEEE EMBS international conference on biomedical & 
health informatics (BHI). IEEE, pp 261–264

Xu X, Jin T, Wei Z, Wang J (2017) Incorporating topic assignment 
constraint and topic correlation limitation into clinical goal dis-
covering for clinical pathway mining. J Healthc Eng:2017

Yampaka T, Chongstitvatana P (2016) An application of process min-
ing for queueing system in health service. In: 2016 13th Interna-
tional joint conference on computer science and software engi-
neering (JCSSE). IEEE, pp 1–6

Yang W, Su Q (2014) Process mining for clinical pathway: literature 
review and future directions. In: 2014 11th International confer-
ence on service systems and service management (ICSSSM). 
IEEE, pp 1–5

Yang S, Dong X, Sun L, Zhou Y, Farneth RA, Xiong H et al (2017a) A 
data-driven process recommender framework. In: Proceedings of 
the 23rd ACM SIGKDD international conference on knowledge 
discovery and data mining. ACM, pp 2111–2120

Yang S, Li J, Tang X, Chen S, Marsic I, Burd RS (2017b) Process min-
ing for trauma resuscitation. IEEE Intell Inform Bull 18(1):15

Yang S, Zhou M, Chen S, Dong X, Ahmed O, Burd RS, Marsic I 
(2017c) Medical workflow modeling using alignment-guided 
state-splitting HMM. In: 2017 IEEE International conference 
on healthcare informatics (ICHI). IEEE, pp 144–153

Yang S, Ni W, Dong X, Chen S, Farneth RA, Sarcevic A et al (2018a) 
Intention mining in medical process: a case study in trauma 
resuscitation. In: 2018 IEEE international conference on health-
care informatics (ICHI). IEEE, pp 36–43

Yang S, Sarcevic A, Farneth RA, Chen S, Ahmed OZ, Marsic I, 
Burd RS (2018b) An approach to automatic process deviation 
detection in a time-critical clinical process. J Biomed Inform 
85:155–167

Yang S, Tao F, Li J, Wang D, Chen S, Ahmed OZ et al (2018c) Process 
mining the trauma resuscitation patient cohorts. In: 2018 IEEE 
international conference on healthcare informatics (ICHI). IEEE, 
pp 29–35

Yao J, Shepherd M, Zhou J, Fu L, Li F, Quebe D et al (2015) Guided 
Analytic workflows through service composition for population 
health studies. In: 2015 IEEE international conference on ser-
vices computing. IEEE, pp 696–703

Yoo S, Cho M, Kim E, Kim S, Sim Y, Yoo D et al (2016a) Assessment 
of hospital processes using a process mining technique: outpa-
tient process analysis at a tertiary hospital. Int J Med Inform 
88:34–43

Yoo S, Jung SY, Kim S, Kim E, Lee KH, Chung E, Hwang H (2016b) A 
personalized mobile patient guide system for a patient-centered 
smart hospital: lessons learned from a usability test and satisfac-
tion survey in a tertiary university hospital. Int J Med Inform 
91:20–30

Zaman R, Hassani M (2019) Process mining meets GDPR compliance: 
the right to be forgotten as a use case. In: 2019 International 
conference on process mining doctoral consortium, ICPM-DC 
2019. CEUR-WS.org

Zeng Q, Sun SX, Duan H, Liu C, Wang H (2013) Cross-organizational 
collaborative workflow mining from a multi-source log. Decis 
Support Syst 54(3):1280–1301

Zeng Q, Lu F, Liu C, Duan H, Zhou C (2015) Modeling and veri-
fication for cross-department collaborative business processes 
using extended Petri nets. IEEE Trans Syst Man Cybern Syst 
45(2):349–362

Zhang X, Chen S (2012) Pathway identification via process mining for 
patients with multiple conditions. In: 2012 IEEE International 
conference on industrial engineering and engineering manage-
ment. IEEE, pp 1754–1758

Zhang Y, Martikainen O, Pulli P, Naumov V (2011) Real-time process 
data acquisition with Bluetooth. In: ISABEL, pp 21-1

Zhang Y, Padman R, Patel N (2015) Paving the COWpath: learning 
and visualizing clinical pathways from electronic health record 
data. J Biomed Inform 58:186–197

Zhou W, Piramuthu S (2010) Framework, strategy and evalua-
tion of health care processes with RFID. Decis Support Syst 
50(1):222–233

Zhou Z, Wang Y, Li L (2014) Process mining based modeling and 
analysis of workflows in clinical care-a case study in a Chicago 
outpatient clinic. In: Proceedings of the 11th IEEE interna-
tional conference on networking, sensing and control. IEEE, pp 
590–595

Zhou M, Yang S, Li X, Lv S, Chen S, Marsic I et al (2017) Evaluation 
of trace alignment quality and its application in medical process 
mining. In: 2017 IEEE international conference on healthcare 
informatics (ICHI). IEEE, pp 258–267

Zhou J, Wang J, Wang J (2019) A simulation engine for stochastic 
timed petri nets and application to emergency healthcare systems. 
IEEE/CAA J Autom Sinica 6(4):969–980

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Opportunities and challenges for applying process mining in healthcare: a systematic mapping study
	Abstract
	1 Introduction
	2 Method
	2.1 Research strategy
	2.2 Selection of studies and data extraction
	2.3 Criteria for study selection and scope
	2.4 Study analysis and evaluation

	3 Results
	3.1 Selection of studies and data extraction
	3.2 Historical evolution of PM utilization in health care
	3.3 Health care environment used
	3.4 Main areas of application
	3.5 Strategyalgorithm adopted
	3.6 Main contributions of PM application to the health care field

	4 Discussion
	4.1 Main findings and contributions
	4.2 Needs of the health care field
	4.3 Opportunities and improvements for PM use
	4.4 Research conclusions

	Acknowledgements 
	References




