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Abstract

Changing or creating a new organisation means creating a new process. Each
process involves many risks that need to be identified and managed. The main
risks considered here are procedural risks and legal risks. The former are related
to the risks of errors that may occur during processes, while the latter are related
to the compliance of processes with regulations. Therefore, managing the risks
implies proposing changes to the processes that allow the desired result: an
optimised process.

In order to manage a company and optimise it in the best possible way, not
only should the organisational aspect, risk management and legal compliance be
taken into account, but it is important that they are all analysed simultaneously
with the aim of finding the right balance that satisfies them all. This is exactly
the aim of this thesis, to provide methods and tools to balance these three
characteristics, and to enable this type of optimisation, ICT support is used.

This work is not intended to be a computer science or law thesis but an
interdisciplinary thesis. Most of the work done so far is vertical and in a specific
domain. The particularity and aim of this thesis is not so much to carry out an
in-depth analysis of a particular aspect, but rather to combine several important
aspects, normally analysed separately, which however have an impact on each
other and influence each other. In order to carry out this kind of interdisciplinary
analysis, the knowledge base of both areas was involved and the combination
and collaboration of different experts in the various fields was necessary.

Although the methodology described is generic and can be applied to all
sectors, a particular use case was chosen to show its application. The case
study considered is a new type of healthcare service that allows patients in
acute disease to be hospitalised to their home. This provide the possibility to
perform experiments using real hospital database.
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Chapter 1

Introduction

1.1 Notes on research context and motivation

In recent years, increasing attention is focused on integrating the typical hospital
service model with alternatives care due to the growing ageing population. This
leads to the relevance of home care models and focuses on the needs of patients
often suffering from multiple chronic diseases [95| [280L [13]. Home care model
supported by technological solutions has demonstrated a positive impact on
health, well-being and quality of life [299, (161, |14]. In particular, assistive
technologies focus on the concepts of patient-centered care, which is currently
recognised worldwide as an essential dimension of quality care, as well as the
so-called patient empowerment. A recent review of the literature on the topic
reveals how a great amount of articles focuses on technology applications to all
knowledge areas of health, as in the case of patient education |76} [L1] or medical
information management |288, 291} [294].

Creating a new type of hospitalisation, outside the hospital walls, means
creating a new type of organisation (dedicated specialised resources, new emer-
gency procedures, new material resources such as cars, etc.), so new processes.
Every process involves risks that have to be identified and managed. Many risks
can occur in an enterprise. The main risks considered here, and the most im-
portant for an hospital, are procedural and legal risks. The former are related
to the risks of errors that might occur during the processes, while the latter are
related to the compliance of the processes with norms. Managing risks means
identifying risks and deciding whether to accept, transfer, reduce or eliminate
them. For the last three cases,risk management also involves proposing changes
to processes that enable the desired outcome [292|. The desired result may be
a sequence of activities that allows fewer errors to occur during the process
(as regards procedural errors), or avoidance of sanctions (as regards legal non-
conformities). Moreover, it is not said that these two aspects cannot be linked:
a rule may regulate a procedure (e.g. the guidelines for the blood sampling
procedure), not having a proper process may leads to procedural errors (e.g.
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Figure 1.1: Phases of Business Process Management methodology.

taking blood from the wrong patient) but this also implies that legislation has
not been complied with and, therefore, administrative, civil or even criminal
sanctions may be incurred.

Moreover, these new processes are often supported by some technologies
(telemedicine devices for remote monitoring, or information systems that also
work outside the hospital walls but that guarantee data privacy). The introduc-
tion of technologies in a business process is likely to imply the consideration of
other legislation and the management of new risks . [224]. From the point
of view of law, in health sector, it implies the creation and approval of a clinical
trial by an ethics committee to introduce technologies into the care process.
It means taking into account regulations concerning the specific technology, in
the already enormous network of healthcare regulationsﬂ Moreover, taking into
account new regulations also means taking into account new risks during trials.

This reasoning shows that these three aspects (organisation, risk manage-
ment and management of compliance of the process with the law) are not sep-
arate from each other and that, if you want to improve even one of these three
aspects, you can not consider also the other two.

To support this new type of organisation and the optimisation of these new

1One is the new European Regulation (GDPR): Regulation (EU) 2016/679 of the Euro-
pean Parliament and of the Council, on the protection of natural persons with regard to the
processing of personal data and on the free movement of such data, and repealing Directive
95/46/EC (General Data Protection Regulation), 27 April 2016.



processes, it is useful to adopt the perspective of Business Processes Manage-
ment (BPM), which is a specific discipline to support the management of busi-
ness [315]. It enables healthcare managers to better allocate appropriate re-
sources, to improve the responsiveness of patient care, to manage the risks, and
to support regulatory compliance monitoring |288].

This thesis is based on the BPM methodology [109]. There are four main
phases and they are shown in Figure The first phase is the context analysis,
which in this case is focused on some healthcare services and departments. The
second phase consists of process engineering, the creation of the As-Is model and
some simulations. In this case, the creation of the current model of the business
processes of health services is in the Business Process Management Notation
(BPMN) standard language [220]. Moreover, thanks to the simulations, it is
possible to have an overview of the whole process, the interconnection between
the activities and the problems (such as the bottlenecks); it is possible to make
analysis of the data log (or generators) and last but not least, it is useful for the
validation of the model [3].

Based on the objectives or direct requests addressed in Phase 1, or the
problems encountered in Phase 2, research is carried out in Phase 3 to improve
and optimise the process and, finally, to propose one or more solutions in the
final Phase 4. In general, optimisations are of two types: organisational or risk
management. Of the first type, we can have purely reorganisation improvements
of existing resources, but more often they are at technological level, such as
the implementation of an information system, a workflow, or AI, IoT tools.
The aim may also be to improve risk management. There are many types
of risks, but the ones most managed with this methodology are procedural
ones, i.e. related to the performance of individual activities, and the legal ones,
i.e. the compliance of the process with all laws, regulations, guidelines related
to those business activities [198]. Although compliance verification is part of
risk management, it can be considered as a macro-category in its own right,
both because it encompasses several factors (e.g. it requires the intervention of
specific resources such as legal experts) and because, depending on the resources
and skills required, it is often decentralised and entrusted to external experts
[154].

Phase 4 aims to provide an optimisation solution which, depending on the
needs of the company being analysed, may concern only one of the aspects but
also, and above all, a solution that may involve the integration of all these
aspects. In other words, when proposing an organisational improvement, ac-
count is also taken of the fact that new risks may arise and therefore have to be
reiterated because new rules may have to be complied with [201].

The objective of this thesis is to propose methods and tools for risk analysis
and management and regulatory compliance in the healthcare sector to support
management optimisation. The aim is to bring together and balance aspects
of organisational optimisation, with procedural and automated legal risk man-
agement techniques and, as business management can be costly, ICT support is

2The details of each phase will be explained in Chapter 1.



required.

1.2 Research objectives

The objective of this thesis is introducing ICT tools to create, within the BPM
methodology, a methodology to balance, in the context of a business, organisa-
tional management with risk management and regulatory compliance.

The majority of the works done so far are related either to legal aspects
[117, [267] or to IT aspects [81] and is mostly vertical. Performing a horizontal
analysis means considering practically (and not only theoretically) both these
aspects and finding the right balance between them. This kind of work is not
easy because it implies an interdisciplinary analysis, a basic knowledge of both
areas and requires the union and collaboration of different experts in the various
fields 108 |209].

Therefore, the peculiarity and objective of this thesis is not so much to per-
form an in-depth analysis of a particular aspect, but rather to combine several
important aspects, normally analysed analysed separately, that have a mutual
impact and influence each other. In order to simultaneously analyse both the
organisational and risk management aspects, as well as the compliance of pro-
cesses with legislation, ICT support is required to enable the adoption of BPM.
As a case study we focus on the health sector, but it is a general methodology
that can be applied to other sectorsﬂ

In particular, we address the following research questions:

e How BPM methodology could be applied to healthcare sector.

e How to support process optimisation when new technologies are intro-
duced.

e How to support the reconstruction of processes from data.

How to support the procedural risks management.
e How to semi-automatize the regulatory compliance checking.

For each research question, the problems are explained below, and in the
next section it is explained what the research contribution is for each of them.
Finally, the same pattern is followed to illustrate the conclusions.

3This thesis is focus on healthcare sector, as also stated in the title. But this methodology
(or some steps of it) was applied also in other field, some example of our works are: |103] in
the context of a growing small-medium manufacturing industry, [225] in which we consider
a start-up of bitcoin exchange. Finally, we are working on a new project "Next Generation
UPP" in which we are applying this methodology in order to optimise the workflow process
in the tribunals of northern Italy.



BPM methodology applied to healthcare. In healthcare, it is not only the
quantitative optimisation of processes that is important, but also the qualitative
variables. Medical practice is not an assembly line with all the same steps. In
relation to people, unfortunately sick people, it must be taken into account
that each of them has its own peculiarities. Unforeseen events that lead to a
deviation from the established path is the norm. In addition, each department
has its own objectives and resources. There is no a single type of optimisation,
but a different type for each department and for each objective.

Supporting process optimisation when introducing new technologies.
Introducing a new technology often means changing more than one activity;
perhaps it means changing half the process, or an entire process, merging two
existing processes.

As a result, resources (material or humane) often have to be reallocated or
acquired; human resources have to be trained; people are often reluctant to
change so it may take some time to assimilate the new procedure; space may
need to be reorganised. Major changes to the initial process should only be
made if it is guaranteed (or if it is fairly convinced) that the new process is
more optimal than the old one. It would be unlikely and dangerous to stop the
production of a company (or to stop a hospital department) to change a process,
reallocate space, train new resources, and then find that the old process was
better in terms of working time, bottlenecks, available resources. And even more
far-fetched is to decide to "go back" to the old process and the old allocation
of resources, because maybe the resources are no longer available, expenses
have been made, maybe the budget does not allow it, etc. In conclusion, it
is necessary to have a support that helps to understand how the process will
change once the new technology is introduced.

Supporting the reconstruction of processes from data. Using computer
techniques it is possible to automatically reconstruct processes from databases.
This is an important analysis because it can show the implicit knowledge con-
tained in databases, knowledge that is normally precluded if only manual analy-
sis is done. Such an analysis could show paths within processes that are difficult
to detect because they arise from the simultaneous analysis of a large amount
of data that cannot be processed simultaneously by the human mind alone.
These results are of great value in optimising the process itself. The most used
techniques for this purpose are those of process mining and among them the
technique of process discovery 306} [201]. Since the case study concerns health-
care, it will be shown to apply these techniques only to the healthcare sector.

Support for the management of procedural risks. Procedural risks are
the most likely to occur and therefore the highest risk. The medical field is
full of highly detailed procedures with guidelines, best practices and regulations
at various levels. Each high-risk practice has its own legislation establishing
a procedure: a blood sample, the preparation of a medical record, a surgical



intervention. The medical field is among those with the highest procedural
risks.

Managing regulatory compliance. The healthcare sector is one of the most
regulated sector. For every organisation and company there are many regula-
tions at various levels to comply with. The higher the level of regulations, the
more general and difficult they are to interpret and contextualise. Guidelines
regulating certain procedures in detail are checklists to be executed, easy to
interpret and contextualise. But, a national or European law must necessarily
establish only principles and objectives to be achieved, and the way is then left
to regulations of a lower source. This leads to the problem of interpretation of
laws. Interpreting a law is not easy. People who working in legal disciplines
learn during their university years how to do interpretation. Therefore, there
are two main problems:

e There are many regulations to comply with, so far the compliance of the
processes has been checked by hand but this is a huge job.

e Having technological support to do this work means training machines to
interpret the law, a task which, at present, can only be done efficiently
and fully correctly taking into account all the key factors by a human.

1.3 Research contribution

This work is not intended to be a computer science or law thesis, but an inter-
disciplinary one.

Thus, this research has a horizontal rather than vertical structure. The
aim is to consider some critical issues in management of health systems and to
consider their correlation.

In doing this research, I had to bring together people with different skills,
technicians in their fields. By bringing together medical technicians, computer
scientists, logicians, process experts and lawyers, I have created a work to merge
and balance many different aspects and points of view. The aim is to create
research that touches on different aspects but in a transversal way in order to
have a more complete view, rather than an in-depth examination of a single
specific aspect.

It must be stressed that in order to manage a company and optimise it in
the best possible way, it is not only necessary to consider the organisational,
risk management and legal compliance aspects, but it is important that these
three aspects are taken into account at the same time in order to find the right
balance that satisfies them all. ICT supports is needed to enable this kind
of optimisation to take place. To achieve this, we have answered the above
questions in this way:

e A formal analysis of three hospital processes is made.



e Simulation and optimisation processes and To-Be models of these pro-
cesses are created to prepare for the introduction of new health technolo-
gies.

e We show how a process can be automatically reconstructed from data logs.
e We show how simulations can support risk analysis.

e We introduce a way to perform a semi-automatic check of regulatory com-
pliance.

Formal analysis of hospital processes. Following the BPM methodology,
the analysis of three hospital process departments is carried out. Context anal-
ysis, As-Is models and simulations are created. Subsequent data considerations
are carried out.

To-Be models. In order to improve some hospital processes with the intro-
duction of different technologies, some process simulations are made to show
how the process will be once the new technology is introduced. The aim is
to provide some To-Be models that show specifically which activities will be
changed and in what terms, what will be the changes in terms of human and
material resources needed, what will be the differences in terms of the timing
of individual activities, of the whole process, and how will the situation change
with regard to queues and bottlenecks.

Process discovery. Using process discovery, a particular process mining tech-
nique, an automatic reconstruction of a healthcare process from real data logs is
shown. The advantage of using these techniques is highlighted and it is shown
how these techniques can help to improve change, including combining the re-
sults of these analyses with the results of these analysis with the results of
process modelling and simulation using the BPM methodology.

Risks analysis. An analysis of a hospital department is made, taking into
account procedural risks, the analysis of what the regulations say about a specific
process and the analysis of what management is adopted by the hospital to
avoid risks. It is shown how process modeling and simulations support risk
management in order to identify, count and reduce risks.

Checking regulatory compliance. Linked to management of risks, an ini-
tial compliance check of a hospital department is done by hand. A semi-
automatic regulatory compliance check of other hospital services is done with
the support of logic languages. A final analysis is proposed on the basis of the
principles of legal interpretation to develop a model capable of automating the
compliance check.

The last part focuses on a new "in progress" perspective. The aim is to find
a new methodology for automatic or semi-automatic compliance checking from



a legal point of view. It is precisely the point of view that is the innovative
aspect. In fact, most of the tools for checking regulatory compliance are made
by computer scientists and based on an IT point of view. The problem is that
sometimes there are inconsistencies between the results provided by regulatory
compliance tools and the principles of legal interpretation because the tools
are set up with certain limitations (they are mostly based only on detecting
semantic similarities) without taking into account other important factors such
as the hierarchy of the source, the balance of principles, the time of entry into
force of the law, repeals, etc.

1.4 Use case: Hospital at Home

The use case analysed is Hospital at Home (HaH). It is a type of home care,
by hospitalising at their home patients, mostly geriatric, provided by the City
of Health and Science of Turin, ItalyEl, one of the largest complex hospital at
national and European level. It has about twelve thousand employees and guar-
antees third level diagnosis and care in multiple care pathways, favouring multi-
disciplinary approaches that ensure highly qualified appropriate care to better
meet patients’ needs. The amalgamation of a number of regional reference
hospitals allows the City of Health and Science, together with the Faculty of
Medicine and Surgery of Turin, to be a competitive company in Europe. These
hospitals are: Molinette Hospital, Dermatological San Lazzaro, San Giovanni,
CTO Trauma and Orthopedic Centre, Regina Margherita Children’s Hospital
and the Sant’Anna Obstetric and Gynecological Hospital.

1.4.1 Historical introduction

Demographic and economic changes in recent decades, together with the avail-
ability of easily transportable technologies, have fostered a growing interest in
alternative care settings to hospitalisation [12].

The elderly population in Italy is constantly growing. The group that is in-
creasing most is made up of older people. Aging, although not synonymous with
disease, is associated with an increased prevalence of chronic, often disabling
diseases, as well as a progressive extension of life expectancy in conditions of
chronicity and disability [206, 300].

Scientific literature and operational experience in the field of home care
have highlighted the particular usefulness and effectiveness of this type of health
intervention. In particular, in the geriatric and oncological area, also recognising
the function of making the hospital structure more flexible and encouraging
hospital-territory integration [12].

The Ttalian Longitudinal Study on Aging (ILSA) [99] has shown how co-
morbidity, disability (especially severe), and exacerbations of multiple chronic
diseases represent a very common reality in the elderly population that is as-
sociated with an increasing recourse to medical care and hospitalisation [206].

4Citta della Salute e della Scienza di Torino,


https://www.cittadellasalute.to.it/

In the geriatric field, it is also known that prolonged hospitalisation, the loss of
environmental and relational reference points, can be associated, especially for
the frailest patients, with an increased risk of loss of functional autonomy, men-
tal disorders with episodes of delirium, greater exposure to the risk of iatrogenic
complications linked to the hospital environment and removal from one’s usual
living context [206}, [300].

The above-mentioned Hospital at Home of City of Health and Science of
Turin is a "physician-led unit" defined internationally as a service that provides
active treatment by health professionals, at the patient’s home, for a condition
that would otherwise require acute hospitalisation, and always for a limited pe-
riod of time |279).

Over the last 20-25 years, this model of care has aroused strong interest in
the scientific community. The result is the implementation of home hospital-
isation projects in Australia, New Zealand, North America, Israel, Spain, the
United Kingdom and Italy, and the subsequent analysis of the advantages and
limitations of this care approach in the context of randomised clinical trials.

Studies have identified five key points that can foster the development of
home care: [183]

e The increasing age of the population.
e The increase in chronic diseases and their exacerbation.
e Advances in technology.

e The high consumption of healthcare resources and the need to contain
costs.

It was pointed out that technological evolution continues to develop tools
that can monitor the health status of patients at home. The home would rep-
resent an increasingly important place of care in the future, where physicians
could combine old-fashioned and caring sensibilities with the application of new
[286] technologies.

Already more than 20 years ago, in San Diego, California, physicians were
able to use mobile devices at home to take X-rays and instruments to perform
more than 20 laboratory tests. Massachusetts General Hospital in Boston was
experimenting with a videoconferencing system for virtual visits at home.

In Spain, there were more than 70 home hospitalisation units (the so-called
Unidad de hospitalizacion a domicilio) distributed in the main hospitals of the
country, with specialised hospital medical and nursing staff [252} [150].

Similarly, home hospitalisation services have spread to other European coun-
tries. The experiences in England are significant: at the beginning of the 2000s,
139 home hospitalisation services were in operation and more than 100 were
planned (some evolution in time are [226] [319} 168}, |183]).

Established models are popular in Australia, New Zealand, Canada, Israel
and USA (see respectively [78, 222} |249] 285, {192, |183]).



In Italy, in Turin, home hospitalisation is a well-defined model of care at
organisational level and has been active for more than 25 years |206ﬂ Hospital
at Home (HaH) is a service based on the geriatrics department of OAqﬂ and
supported by the R@Qdhome radiology home department.

In March 2010, the Piedmont Regional Council produced the Resolution n.
85-13580 m It defined home hospitalisation as a form of hospital-type based
health care, which provides for the organisation of home care for patients suffer-
ing from diseases in an acute phase, but who do not require highly complex tech-
nological equipment, intensive/invasive monitoring, as an alternative to hospi-
talisation. It is characterised by the total clinical care of the patient by a hospital
structuwﬂ, by health personnel specifically trained and with documented experi-
ence in the management of the patient in the acute phase, outside the strict
hospital context. This definition is in line with what has been established in
the scientific literature, which identifies home hospitalisation as the modality by
which hospitals, in view of specific evaluations, follow with their staff, directly at
home, patients who require services of particular complexity, such as to require
a hospital-level care process |278|. This regional deliberative act represented a
fundamental instrument for the development and diffusion of this model of care
[206].

1.4.2 Numbers and results of HaH research over time

Over the years, the increased skills acquired by medical and nursing staff and
the growing availability of equipment and technology that can be transferred to
the home, has enabled an expansion of services that can be provided at home.

During the service’s thirty years of activity, a number of clinical studies have
been conducted to evaluate the results of this organisational model in terms of
feasibility, effectiveness and costs. An analysis of direct costs carried out by the
hospital calculated a cost per patient, per day of hospitalisation in the OAD, of
approximately 160 euros compared to an average of 750 euros for of traditional
hospitalisation. This includes the cost of medical, nursing, rehabilitation and
administrative staff and costs of drugs, medical and non-medical supplies, non-
medical services, depreciation, car fleet and ambulance transport [206].

Many studies have shown how HaH services for elderly and frail patients, af-
fected by different acute pathologies, admitted in ED (Emergency Department),
can help to reduce hospital stays, hospitalisation and institutionalization rates,

5Representative articles show that this service is used for elderly and frail patients and
it is especially helpful in the presence of severe pathologies such as acute decompensation of
chronic heart failure [299], exacerbations of chronic obstructive pulmonary disease [13|, acute
uncomplicated first ischemic stroke |246|, hematological patients requiring hospital admission
|162], and elderly delirium |161] and dementia and relatively caregiver’s stress [296].

SLiterally Ospedalizzazione A Domicilio: hospitalisation at domicile.

"Delibera della Giunta della Regione Piemonte del 16 marzo 2010, n. 85-13580, “Attivita
di continuita assistenziale: organizzazione e remunerazione delle attivita di assistenza special-
istica di ospedalizzazione domiciliare". |http://www.cittadellasalute.to.itl

8In Italy, the health system is totally public. A characteristic of this service, different from
other countries, is that it is also totally paid for by the National Health System.
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and improve functional status and quality of life, as well as reduce costs |13,
245, 1246, (78, [190| [222| [285 299]. There are several publications that have
analysed the advantages and limitations of HaHﬂ It has been confirmed that
a comprehensive post-discharge care programme, which combines traditional
treatment with education of patients and their caregivers, cardiological, dietary
and social counselling and appropriate follow-up, reduce re-hospitalisations and
the overall costs of managing frail patients [248] |56]. In order to optimise the
management of frail patients, it is essential to create an integrated network of
services between the hospital and the territory to ensure adequate continuity of

care |12IE

9In 2009, a meta-analysis was conducted by evaluating the results of 10 international clini-
cal trials and published in the Canadian Medical Association Journal under the title “Avoiding
hospital admission through provision of hospital care at home” |280|. This study evaluated
the results of 2187 randomized clinical trials. Of these, 10 studies were considered eligible,
two of which were conduct in Italy at the OAD service and the others in Australia, New
Zealand and Great Britain. A total of 1333 patients suffering from different pathologies such
as acute COPD (Chronic Obstructive Pulmonary Disease), uncomplicated stroke, pneumonia,
dementia with acute internal disease were involved. The conclusion was that home hospital-
isation may represent a "safe" alternative to hospitalisation for selected elderly patients. At
three months there was no difference in mortality, which was even reduced at the six-month
follow-up, with a high degree of satisfaction among patients and their families and a reduction
in direct healthcare costs. |279,[206]. Subsequently, it was conduct a randomised clinical trial
with six-month follow-up on elderly patients with exacerbated COPD admitted to the hospi-
tal ED, to assess the feasibility and usefulness of admission to OAD compared to traditional
hospital wards. These patients are very elderly, multi-pathological, not self-sufficient in the
performance of daily activities. The results did not reveal statistically significant differences
in mortality and functional status in the two different care settings, however, a lower devel-
opment of complications (especially infectious), the number of re-admissions to hospital was
observed, with positive repercussions on the patients’ mood and quality of life, the caregiver’s
level of emotional tension and also on costs in patients treated at home |13} [206|. Similarly, in
collaboration with the University Division of Cardiology, a study was conducted on the home
treatment of elderly patients with exacerbation chronic heart failure who arrived at the hos-
pital ED. Heart failure is the leading cause of hospitalisation in the elderly |12|. Despite the
progressive decline in mortality from coronary artery disease and hypertensive heart disease,
there has actually been an increase in the incidence and prevalence of heart failure, mainly
attributable to the progressive increase in the average age of the population and the increas-
ing prevalence of cardiovascular disease |12|. More than 50% of patients with heart failure
are over 75 years of age; therefore, heart failure, defined by Michael Rich as “cardiogeriatric
syndrome”, represents a public health problem that is likely to increase in the coming years
[247, [12].

TUA study was conducted on elderly dementia patients attending hospital emergency room
for acute internal illness. It shows that treatment at home, compared to admission to the
traditional hospital ward, significantly reduces the occurrence of behavioral disorders, use of
antipsychotic drugs, caregiver stress and resources to institutionalization. Reassessing the
patients who survived 2 years later, it was found that 88% of patients still lived at home,
despite the high level of caregiver stress. This study confirms that where there is effective
formal support, the family is able to provide comprehensive care for their loved ones with
dementia, especially in the more advanced stages of disease |296]. Similar results emerged
in the study conducted by the OAD department, published in Archives of Internal Medicine
[299]. Treatment in HaH of elderly patients with acute heart failure was compared with
treatment in the hospital ward. No difference was observed in mortality, which was 15%
at six-month follow-up. Only in patients hospitalised at home was there an improvement in
mood, nutritional status, quality of life and significantly longer hospital readmission times [12}
206|. Similarly, in collaboration with the ED and ED Neurology Service, a randomised clinical
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1.4.3 Technological progress and telemedicine

In order to achieve all the clinical and quality-of- life goals derived from HaH,
new biomedical and information technologies are increasingly used in various
fields to support to clinical practice |300].

In the United States, according to a study by Manhattan Research [89], two-
thirds of doctors use a smartphone and about 30% a tablet for their practice,
thanks to a series of applications that allow not only to quick access to the
pharmaceutical manual or other educational material, but also the possibility
to monitor clinical parameters or perform diagnostic investigations |300].

New technological tools, such as the iPad, allow the doctor to consult the
medical record while visiting patients. It allows new patient data to be en-
tered into the healthcare database, to request analyses, medical services and
certificates in real time, and to use the tool to improve patient communication
[300].

The rapid development of automated diagnostic tools could address the need
for more widespread screening and follow-up without directly engaging spe-
cialised medical resources on the groundE

In recent years, robotics and domotics have undergone great development
and many applications in the medical and care field. One of the objectives
of the European Union’s Ambient Assisted Living Joint Program 2008-2013
is to improve the quality of life of elderly people, partly through the use of
technologies that can help them to remain indipendent and safe at home. To
this end, several projects have been implemented in recent years that envisage
the presence of robots at home to remotely monitor the health and safety of the
elderly@

Even smart homes, an innovative concept that integrates technology into the
home environment with the aim of maintaining or possibly improving functional
status, safety and quality of life, are currently largely experimental, with no firm
scientific evidence to support their large-scale use [211}300].

trial was conducted to test the feasibility of home treatment of elderly patients over 75 with
acute ischemic stroke as an alternative to hospitalisation. With equal mortality and functional
and neurological recovery, there was a more significant positive change in mood in patients
treated at home compared to hospitalised patients [279) |206]. A prospective observational
study conducted in patients at medium-high risk of delirium according to the Inouye criteria
|159] showed that home care reduces the risk of developing a confusional state [161} [12|. In
addition, for patients with acute cerebral ischaemic stroke or advanced dementia, OAD has
been shown to be protective against the development of complications such as delirium and
associated with a lower rates of return to hospital and institutionalisation and higher quality
of life level for patients, as well as lower mortality [245] 246} [297], [296|.

1 The Pit2011 report, published by Cittadinanzattiva (See www.cittadinanzattiva.it), states
that in Italy long waiting lists for diagnostic examinations are perceived by patients as one
of the main problems for the protection of our National Health System. This aspect can only
underline the need on the part of users for easier access to diagnostic technologies [300].

12Companion Able (2008-2012), SRS (Multi-Role Shadow Robotic System for Independent
Living, 2010-2013) and RobotEra (2012-2016), to name a few. However, even if the develop-
ments are very promising from the point of view of technology and improvement of individuals’
living conditions, there are problems with implementation of their use by users, especially the
elderly, due in particular to the difficulties of interacting with the robot in their usual living
context [300].
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Technological development has made it possible to transfer many typically
hospital-based practices to the home. It is available to treat even acutely ill
patients, often complex ones, using instruments that are lighter and easier to
handle or that offer clinical advantages to both patients and healthcare profes-
sionals but are still reliable 211} |12, [206].

One of the innovative methods that is having a positive impact on both
health and quality of life is telemedicine, defined by the World Health Organiza-
tion (WHO) as an integral part of telecommunications systems in the promotion
of public health 300].

The term originated in the late 1960s as a result of NASA’s need to monitor
the physiological parameters of astronauts. Initially it served to denote mainly
teleconsultation services, acquiring in the later years an increasingly broader
meaning that now includes the application of information and telecommunica-
tions technologies to medicine, in order to guarantee remote health services and
the real-time transmission of clinical information and images between doctor
and patient or between professionals.

In the literature there are many definitions of the term telemedicine, more or
less similar to each other. The most cited definition is the one proposed by an ex-
pert commission appointed by the European Union, which defined telemedicine
as "the investigation, monitoring and management of patients and education
of patients and staff using systems which allow ready access to expert advice
and patient information, no matter where the patient or relevant information is
located"E 1300].

Telemedicine encompasses many areas. It includes telemonitoring, telediag-
nostics (teleradiology, telepathology, teleophthalmology, teledermatology, etc.),
teleconsultation (teleconferencing between specialist doctors, general practition-
ers and possibly patients), remote management of procedures (e.g. telesurgery),
and telerehabilitation. Telemonitoring, in particular, is an advanced service
that provides for the possibility of providing assistance to patients in their own
homes, through the telematic assessment of clinical parameters collected re-
motely using special tool kits. Data collection can be done either automatically,
through personal health monitoring devices (portable, worn or implanted), or
through the active collaboration of the patient (web-based input of physiological
parameter measurements) [300].

Initially, telemedicine was applied to the treatment and surveillance of heart
failure, diabetes and COPD with good results both in terms of reducing re-
hospitalisations and in terms of reducing costs and improving the quality of life
of the elderly patient who has been discharged or recently hospitalised [164} [205]
237, 1308].

In November 2008, an initial trial was carried out on patients admitted to
the OAD[™] The aim of the study was to assess the feasibility and usefulness of

13COM(2008)689, Communication from the Commission to the European Parliament, the
Council, the European Economic and Social Committee and the Committee of the Regions, on
telemedicine for the benefit of patients, healthcare systems and society. Bruxelles, 4 November
2008.

4 MyDoctor@Home: a collaboration between Telecom Italia (TI), the Azienda Ospedaliera
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a system enabling patients to measure certain physiological parameters (body
weight, blood pressure, heart rate, oxygen saturation in the blood, spirometry
and electrocardiogram) directly from home, using simple devices that automat-
ically send the measurements in real time to a server that can be consulted by
a hospital platform via a special Bluetooth connection. Doctors will be able to
evaluate the measures received, be promptly alerted by automatic notifications
if the measurements exceed the thresholds limits and, if necessary, interact with
the patient himself, modifying the treatment protocol or drug therapy. Prelim-
inary results show that this method is appreciated by patients, contributes to
the patient’s well-being and to reducion of cargiver’s stress |12} 206, 1300].

Another preliminary randomised trial was conducted between April 2009 and
May 2010 to assess the feasibility and effectiveness of a clinical telemonitoring
system applied to elderly patients with acute heart failure or exacerbated COPD
admitted to the OAD |12, 206, [300].

The Piedmont Region subsequently presented a project to the evaluate the
effectiveness of telemedicine. The results of these studies showed that this type
of device is easy to use by patients and their caregivers and that telemonitoring
has a reassuring function, significantly improving patients’ mood and reduc-
ing caregiver stress. Indeed, real-time data visualisation can help to reduce
the number of physician-nurse visits, thereby optimising the use of healthcare
resources |12} 237} 1300} 206].

1.4.4 Telemedicine and regulations

The European Commission, having recognised the potential of ICT, e-Health
and telemedicine, has been funding research and development in this field for
years. In 2008, the European Commission has identified a series of actions in-
volving all levels of government, both within the Community and in individual
Member States, aimed at providing greater integration of telemedicine services
into clinical practice, removing the main barriers to their full and effective im-
plementatiorﬂ

The Italian Ministry of Health has created in 2007 a permanent national
Observatory for the evaluation and monitoring of e-Care applications, in which
the Regions Lombardy, Veneto, Tuscany, Liguria, Marche, Campania and Sicily
participate, and has launched several telemedicine initiativeﬂ These experi-
ences are scattered on the territory and on a small scale, but they represent the

Universitaria San Giovanni Battista (AOU) of Turin and the Istituto Superiore Mario Boella
(ISMB).

15C0OM(2008)689, Communication from the Commission to the European Parliament, the
Council, the European Economic and Social Committee and the Committee of the Regions, on
telemedicine for the benefit of patients, healthcare systems and society. Bruxelles, 4 November
2008.

16Some examples are: Rare Tumors Network (collaboration between Italian oncology facili-
ties), Telemedicine in small municipalities of Lombardy (TELEMACO: ensuring local health-
care for chronic patients), Broadband network for IRCCS (telemedicine-teleconsultation-
telediagnosis-teleassistance) and, Telemedicine in the Aeolian archipelago (healthcare in dis-
advantaged areas in order to reduce travel).
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starting point for a future implementation on a national scale [300].

Recently, In Italy, telemedicine has become a fully-fledged part of the Na-
tional Health Service. The Italian Ministry of Health, in collaboration with the
Regions, has created guidelines for the adoption at national level for the provi-
sion of some telemedicine serviceﬁ such as televisiting, medical and health tele-
consultation, teleassistance of health professions, and telereferencing. The aim
is to guarantee that telemedicine services represent a concrete element of organi-
sational innovation in the care process. Until now, at least in Italy, telemedicine
was used but only in certain contexts and very often in fragmentary situations or
dictated by the utility of the moment. From now on, telemedicine services will
officially become recognised health services (although, obviously,it will always
be the doctor who decides whether to use them or not). The document states:
in this essential historical moment, an organisational and cultural renewal aimed
at a widespread and uniform operational translation of the principles of primary
healthcare recommended by the WHO and the reorganisation of health, clinical
assistance and rehabilitation activities must be able to guarantee, at the same
time,the maximum continuity of care and patient empowerment, with the mini-
mum risk of spreading the virus to users, operators and families. The indications
contained in this document will be periodically updated, also in relation to the
evolution of technologies, and other documents similar to this one will follow,
concerning further telemedicine services, in order to guarantee a progressive ex-
tension and application in all care settings where it can contribute to improve
the quality of car@

Telemedicine has the great potential advantage of eliminating a number of
barriers and making access to some health services more equitable for people
disadvantaged by frailty, logistics (remote rural areas), or complex family-work
situations. Equity of access to health services - as we learned during the pan-
demic - is one of the modern and essential dimensions through which the quality
of a health service is defined.

Obviously, the introduction of these innovations leads to the need to make
new considerations also in the ethical and regulatory field. Starting from the as-
sumption that in Italy the introduction of any new drug or instrument in clinical
trial is subject to prior approval by an Ethics Committee, i.e. an independent
body, made up of healthcare and non-healthcare personnel, responsible for en-
suring the protection of the rights, safety and well-being of the trial subjects.
The activities on the citizens’ personal and health data necessary for the provi-
sion of telemedicine services are part of the processing of sensitive data carried
out with electronic instruments, which are governed by the European GDPR
Regulation and the provisions of Legislative Decree 196,/2003. The methods and

17See guide line "Telemedicina. Linee di indirizzo nazionale", Ministero della Salute,
in (www.salute.gov.it| and "Avviso pubblico per la selezione degli interventi da realizzare
nell’ambito della Traiettoria 2 "E-Health, diagnostica avanzata, medical devices e mini in-
vasivita", Azione 2.1 "Creazione di una rete nazionale per le malattie ad alto impatto" del
Piano operativo salute - Fondo sviluppo e coesione 2014-2020. (21A01133)", Ministero della
Salute, in G.U. Serie Generale , n. 46 del 24 febbraio 2021, in www.salute.gov.it

18Gee Telemedicina. Linee di indirizzo nazionale. Ministero della Salute, in
www.salute.gov.it
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solutions necessary to guarantee the confidentiality, integrity and availability of
the data must, therefore, in any case be adopted in compliance with these secu-
rity measures expressly provided for by the regulations. In terms of obligations
towards patients, of particular importance, also in line with the ethical aspects,
are the information on processing (examination, remote transmission, use, etc.);
on their purposes/guarantees, and, in the case of specific therapeutic diagnostic
paths, on protocols; on patients’ informed consent and on their rights over their
personal data.

Telemedicine has considerable repercussions in the sensitive ethical sphere,
being a different way of managing interaction and communication between the
patient and the doctor. It is necessary to ensure that the doctor-patient rela-
tionship bond of trust can also develop in this new context, including by taking
the time necessary to meet the patient’s information needs well beyond informed
consent, which today is sometimes interpreted in a defensive manner and not
in terms of dialogue and sharing with the patient. Interesting prospects are
opening up from the point of view of the so-called "ethical certification" of the
quality and professionalism of doctors and care facilities (public and private),
which is still under way.

In conclusion, the introduction of telemedicine, which is based on Al tools,
will lead to major changes on the current organisation. Both in terms of hospital
processes and in terms of legislation and ethics.

1.5 Thesis outline

This research has a particular structure. This is intended to guide the reader
in the exposition of the various aspects and the interconnection between them.
As mentioned in Section [I.2] it is a horizontal analysis that examines different
areas and tries to combine them in the right balance.

For this reason, the thesis is divided into two main symmetrical parts, as
shown in Figure[I.2]

It starts with a presentation of the background of the management part of
the organisation and then moves on to implementation on case studies.

Afterwards, a part of the background starts on risk management and regu-
latory compliance and then the application of these topics in the use case and
the integration with the first part is shown.

Finally, the last chapter focuses on a new perspective "in progress" research.
The aim is to find a new methodology for automatic or semi-automatic compli-
ance checking based on the point of view of legal interpretation.

Chapter 3, Chapter 5 and partly Chapter 6 are the chapters containing the
tasks of the practical cases. Therefore, in each of them there are one or several
phases of the methodology of Figure [41]

Figure [I.3] shows for each chapter, which phases are analysed within. In
Chapter 3 all phases have been analysed from an organisational point of view,
so with respect to Phase 3 only the aspect of analysing and selecting technologies
to improve the business process at an organisational level has been analysed.
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Figure 1.2: Structure of the thesis.

Chapter 5 focuses on Phase 3 with regard to both aspect of risk management
and regulatory compliance monitoring. The results are shown in phase 4. Fi-
nally, Chapter 6 shows only a new perspective approach to automate regulatory
compliance control, thus referring to a single detailed aspect of Phase 3.

1.6 Publications

This thesis work is a fusion of the results published in a number of articles
written by myself and other co-authors in recent years. Since all these articles
are the result of cooperation, my part of the work in each of them has been in
the fieldwork. So I spent some time physically in the departments and in contact
with the medical staff in order to understand the context, create models and
collect data for the creation of simulation inputs and future analysis of results.
In these articles there are the results achieved step by step. Therefore, part of
this thesis has appeared in the following publications:

e Ilaria Angela Amantea, Emilio Sulis, Guido Boella, Renata Marinello,

Marco Grosso, Andrea Crespo. (2020). A Modeling Framework for
an Innovative e-Health Service: The Hospital at Home. In In-
ternational Conference on Simulation and Modeling Methodologies, Tech-
nologies and Applications. Springer, Cham.
This article presents As-Is and To-Be models of the main care process of
the OAD tour visits used as a case study. The aim of this article is to show
how to proceed for optimise a process by introducing some technologies.
This is the book publication of the following paper [26].
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e Ilaria Angela Amantea, Emilio Sulis, Guido Boella, Andrea Crespo, Dario

Bianca, Enrico Brunetti, Renata Marinello, Marco Grosso, Jan-Christoph
Zoels, Michele Visciola, Elena Guidorzi, Luisa Miolano, Giorgio Ratti,
Tommaso Mazzoni, Ermes Zani, Serena Ambrosini. (2020). Adopting
Technological Devices in Hospital at Home: A Modelling and
Simulation Perspective. In SIMULTECH 2020.
This article presents As-Is and To-Be models of the main care process of
the OAD tour visits used as a case study. The aim of this article is to show
how to proceed for optimise a process by introducing some technologies.
This is the proceeding publication of the previous paper [28|.

e Ilaria Angela Amantea, Marzia Arnone, Antonio Di Leva, Emilio Sulis,
Dario Bianca, Enrico Brunetti, Renata Marinello. (2019). Modeling and
Simulation of the Hospital-at-Home Service Admission Process.
In SIMULTECH.

This article presents the As-Is model of OAD hospital service acceptance
used as a case study and some analysis of the real data possible with this
first model |29].

e Ilaria Angela Amantea, Emilio Sulis, Marco Grosso, Renata Marinello,
Matteo Scardino, Stefano Cerutti, Antonio Guida, Gabriele Maffucci, Ste-
fano Tibaldi. (2019). X-ray at your home: the Business Process
analysis of R@dhome service. In ITAIS AND MCIS 2019: the 13th
Mediterranean Conference on Information Systems and the 16th Confer-
ence of the Italian Chapter of AIS.

This article presents the As-Is model of the R@dhome service, simulations
and analysis of real data [32].

These four documents are used to show the BPM methodology, modelling
and simulations. The results are part of Chapter 2 and Chapter 3.

e Jorge Munoz-Gama, Niels Martin, Carlos Fernandez-Llatas, Owen A.
Johnson, Marcos Sepulveda, Emmanuel Helm, Victor Galvez-Yanjari, Eric
Rojas, Antonio Martinez-Millana, Davide Aloini, Ilaria Angela Amantea,
Robert Andrews, Michael Arias, Iris Beerepoot, Elisabetta Benevento,
Andrea Burattin, Daniel Capurro, Josep Carmona, Marco Comuzzi, Ben-
jamin Dalmas, Rene de la Fuente, Chiara di Francescomarino, Claudio di
Ciccio, Roberto Gatta, Chiara Ghidini, Fernanda Gonzalez-Lopez, Gema
Ibanez-Sanchez, Hilda B. Klasky, Angelina Prima Kurniati, Xixi Lu, Fe-
lix Mannhardt, Ronny Mans, Mar Marcos, Renata Medeiros de Carvalho,
Marco Pegoraro, Simon K. Poon, Luise Pufahl, Hajo A. Reijers, Simon
Remy, Stefanie Rinderle-Ma, Lucia Sacchi, Fernando Seoane, Minseok
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J. Toussaint, Vicente Traver, Zoe Valero-Ramon, Inge van de Weerd, Wil
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acteristics and Challenges (a.k.a. PM4H Manifesto). In Journal

19



of Biomedical Informatics, 127.

This article is a Manifesto regarding process mining in healthcare. It is
a fusion of knowledge and competence of important authors specialised
in the field of process mining and healthcare. It is used in particular in
Chapter 2 [224].

e Ilaria Angela Amantea, Emilio Sulis, Guido Boella, Renata Marinello,
Dario Bianca, Enrico Brunetti, Mario Bo, Carlos Fernandez-Llatas. (2020).
A Process Mining Application for the Analysis of Hospital-at-
Home Admissions. In Studies in health technology and informatics.
This article is realised thanks to the collaboration with the ITACA-SABIEN-
PM4H Lab group of the Universidad Politecnica de Valencia [27].

The aim is to introduce process mining techniques and show some applica-
tions in the health sector in Chapter 2 and Chapter 3.

e Tlaria Angela Amantea, Antonio Di Leva, Emilio Sulis. (2018).
A Simulation-driven Approach in Risk-aware Business Process
Management: A Case Study in Healthcare. In SIMULTECH 2018.
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A simulation-driven approach in risk-aware business process man-
agement: A case study in healthcare. In Proceedings of 8th Interna-
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gies and Applications. Vol. 1. SciTePress. 2018.
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e Ilaria Angela Amantea, Antonio Di Leva, Emilio Sulis. (2019-2020). A
Simulation-Driven Approach to Decision Support in Process Re-
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Ecosystems. Springer, 2020 |20, 22].

e Ilaria Angela Amantea, Antonio Di Leva, and Emilio Sulis. (2018). A
Simulation-driven Approach to Decision Support in Process Re-
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o Ilaria Angela Amantea, Antonio Di Leva, Emilio Sulis. (2019). Risk-
aware business process management: a case study in healthcare.
In The Future of Risk Management, Volume 1. Springer, 2019.
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e Ilaria Angela Amantea, Antonio Di Leva, Emilio Sulis. (2018). Us-
ing Simulation in Business Process Analysis and Risk Manage-
ment: The Blood Bank Case Study. In International Conference on
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agement: A Case Study in Healthcare. In Proceedings of 8th In-
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These seven documents are used to show both risk management of risks and
manual control of regulatory compliance. The results are part of Chapter 4 and
Chapter 5.

e Ilaria Angela Amantea, Livio Robaldo, Emilio Sulis, Guido Boella, Guido
Governatori. (2021). Semi-automated checking for regulatory com-
pliance in e-Health. In 2021 IEEE 25th International Enterprise Dis-
tributed Object Computing Workshop (EDOCW). IEEE |31].

This article is used to show the semi-automatic control of regulatory com-
pliance, also in Chapter 4 and Chapter 5.

e Ilaria Angela Amantea, Luigi Di Caro, Llio Humphreys, Rohan Nanda,
Emilio Sulis. (2019). Modelling Norm Types and their Inter-
relationships in EU Directives. In ASAILQ ICAIL.

This article was the first work from which the idea of this perspective was
born and from which the following articles were developed [30].

e Tlaria Angela Amantea and Silvano Colombo Tosatto. (2020). Formal-
ising Legal Interpretation: Decoupling Methodologies and Ab-
stract Semantics. In JuL.IA-1st International Workshop on Artificial
Intelligence in JUrisdictional Logistics.

This article is a semantic and abstract evolution of the classifications made
in the previous srticle |17].

e Emilio Sulis, LLio Humphreys, Fabiana Vernero, Ilaria Angela Amantea,
Davide Audrito, Luigi Di Caro. (2020). Exploring Network Analysis
in a Corpus-Based Approach to Legal Texts: A Case Study. In
COUrT@ CAiSE.

In this document there are some practical experiments. [290].

e Emilio Sulis, LLio Humphreys, Fabiana Vernero, Ilaria Angela Amantea,
Davide Audrito, Luigi Di Caro. (2021). Exploiting co-occurrence
networks for classification of implicit inter-relationships in legal
texts. Information Systems, 101821.

This article contains some practical experiments from the previous article

[289).

These four documents are used to show the new perspective based on legal
interpretation to verify regulatory compliance in Chapter 6.
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Chapter 2

Methodologies for
organisational analysis

2.1 Introduction

The focus of this thesis is to discuss how to merge and balance the organ-
isation and the reorganisation with risk management and regulatory compli-
ance. Therefore, these initial chapters will describe the theory and practice of
analysing an enterprise from a business management perspective. The following
three chapters will then be on the theory and practice of risk management and
regulatory compliance.

In this first chapter we will show some methodologies, tools and means to
analyse a company from an organisational point of view. In this part we will
consider some business aspects from the perspective of activities, time, costs
and resources. In Chapter 3 we will show how to apply these methodologies to
some concrete cases.

The chapter begins with an overview of the state of the art and an expla-
nation of the Business Process Management (BPM): definition, evolution over
time, what a process is, why to use BPM and what its objectives are. Finally, we
will demostrate BPM and its methodology. The next sub-chapter will analyse
the languages and in particular the BPMN standard language.

The next step is to explain what simulation is and how to use it to validate
the process model. I will show what the different types of simulation are, and
then focus on discrete event simulation, the one I will apply in the use case.

Eventually, I will investigate the technique of process mining as another way
of doing analysis on a company.

2.1.1 Related works

In the context of Business Process Management (BPM) [108|, a great deal of
attention has been given to the events, activities and decisions that affect an
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organisation’s process.

Several techniques have been developed on the analysis of the current sit-
uation (As-Is) of the organisation’s processes, as well as on the re-engineering
phase leading to restructured processes (To-Be).

Several research areas have already used simulation techniques, for exam-
ple, computational social science [189], geography [231] or sociology [123]. Al-
though several simulation techniques have been involved in business processes,
their application in the field of BPM has not yet been developed as it deserves
|6, |144]. However, planning, management and decision-making would benefit
greatly from the analysing the results of simulated scenarios. Simulation results
make it possible to detect inefficiencies, bottlenecks, constraints and risks, as
well as to estimate the performance of the system when changes to the process,
such as new strategies or increased workload, need to be applied. Among the
existing techniques, computer-based Discrete Event Simulation (DES) [116] is
one of the most widely used analysis approaches.

Business process analysis usually refers to methods, techniques and software
used to support the management of an organisation [107]. A great deal of
attention is focused on procedures concerning the design, control and analysis
of operational tasks involving humans, documents, organisations or applications
[108].

The adoption of computer-based simulations in business process analysis and
modeling was first applied in industrial re-engineering [103, 243, 273|. In the
public sector, studies have modelled public policy [193], services [140|, public
administration processes [178], political decision-making [255], private affairs
(such as phone calls [122} |217], and to contact centers [195], dealing with more
complex cases of user requests [177]), as well as care processes in the medical
field |102].

In addition to statistical approaches (i.e. workforce planning [275], re-
source optimisation [68], queue modelling [176]), discrete event simulations have
emerged as an alternative method of modelling business [275]. More recently,
Agent-Based Simulations (ABS) modelling techniques have been applied 287,
1961, |63].

In recent research, computer-based Decision Support Systems (DSS) have
provided effective and efficient workforce planning and performance reporting
in call centers [276]. In a similar study, a flexible Business Process Modelling,
Simulation and Re-engineering (BPMSR) approach was presented [105]. Sce-
nario analysis (or “What-If” analysis) was applied to explore different options for
restructuring an existing process [181] before any changes were actually made.

2.2 Business process management

Starting with a definition, Business Process Management (BPM) is a manage-
ment discipline that uses a systematic and structured approach to support the
explicit management of a business process using methods, techniques and tools.
These involve human beings, organisations, applications, documents and other
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sources of information, with the aim of achieving the organisation’s business
objectives by aligning business processes with these objectivesﬂ

BPM is the management of a company through the processes it puts in place
to achieve its objectives. There is a growing consensus that it is only by going
through processes that it is possible to keep up with increasingly rapid changes.
A company’s flexibility and adaptability to change become the critical factors
for progress or even simply for survival in times of deep economic crisis. To
achieve this, the company must:

e Aligns its processes with the company’s strategies and objectives.

e Describes and documents its processes in an unambiguous manner and in
such a way as to ensure their proper execution in compliance with internal
rules and national and EU laws.

e Makes it possible to monitor and measure these processes in real time to
detect internal and external changes quickly.

e Makes it possible to modify and continuously improve these processes in
order to adapt them to customers’ expectations, ensuring that the com-
pany’s objectives are achieved [107].

2.2.1 Evolution of vision over time

The shift from a functional to a process-based view of the company, the man-
agement of change as a necessity to stay on the market and the restructuring of
processes to improve company performance have led, especially in recent years,
to a focus on the analysis, diagnosis and restructuring of business processes,
giving these concepts greater importance.

Continuous change leads the company to constantly evaluate its position in
the market, to look for new strategies and technologies to renew itself in order
to gain a competitive advantage over other companies and to stay in the market.

The context of change can be both external to the company (suppliers, cus-
tomers, competitors, market dynamics, laws, EU regulations, etc.) and internal
(increasing the efficiency of individual company activities, and in their control
and coordination, in order to optimise the company as a whole by enabling it
to achieve its objectives).

The corporate "system" can be defined as:

e Complex: i.e. characterised by a large number of components (structures,
activities, products, actors, resources, ...).

e Distributed: i.e. based on heterogeneous and geographically dispersed
networks.

IThis definition is the result of a combination of definitions given over time by important
authors [316} [110} |318|.
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e Stochastic: frequent and unpredictable events, both external (markets,
stock exchanges, regulations, laws, ...) and internal (failures, accidents,
resignations, ...) [100} |107].

The following paragraphs describe the main features of functional and pro-
cess models.

e Functional organisation:

With the introduction of the concept of value, the company can be "read"
from a perspective called Porter’s value chain. The company is seen as a system
of activities that generate value, defined as the price that consumer is willing to
pay for the product that fully satisfies his/her needs.

The concept of value leads to a classification of business activities:

e VA (Value Added) - The activity is required and contributes to the creation
or provision of a product or service.

e BVA (Business Value Added) - The activity is required by the business,
but the task does not directly contribute to a product or service.

e NVA (Non Value Added) - The activity is not required to create or provide
a product or service.

Primary activities can be related to:

e The product (activities that add value to the product or service provided
to the customer)ﬂ

e The market (activities deal with the management of finished products
from production units to customers)ﬁ

2The activities are:

— Inbound logistics: activities related to the receipt of raw materials, components, semi-
finished products that the company buy from its suppliers and include inbound controls,
sorting, storage in warehouses and preparation for further processing.

— Operations: activities directly related to the production of products or the provision of
services to customers, controls, packaging of products, operation of facilities, etc.

— Services: activities related to customer care and "after-sales", such as those related to
the management of maintenance and repairs, upgrades, customer training. etc.
3The activities are:

— Outbound logistics: includes products sorting and outbound warehouse management,
order processing, shipment planning, transport and distribution to customers.

— Marketing and sales: these include the study of customer behavior, the choice of prod-
ucts, pricing, the choice and management of sales channels (use of wholesalers and
re-sellers, own sales outlets, large-scale distribution, via the Internet, ...), advertising,
promotions, etc.
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Figure 2.1: The value chain of Porter. (Source: Porter, 1985).

Supporting activities include all those activities that the company must carry
out to ensure that the primary activities can be completed in the best possible
Wayﬂ Value-generating activities produce the company’s revenues and require
resources to perform, so they also determine costs.

As shown in Figure the company’s margin is the difference between
revenues and costs.

Therefore, the functional model (Figure groups activities by organisa-
tional units (blue boxes). This means that it aggregates people and tools with
similar competences that use the same type of resources and technologies to
perform the same activities. Each unit has its own budget, its own objectives
and is responsible for managing the activities to which it allocates the neces-

4The activities are:

e Purchasing: activities linked to the search for and purchase of goods (raw materials,
components, semi-finished products, services) that will be transformed into finished
products, at the best conditions for the company (in terms of cost, delivery times,
quality, etc.).

e Technology management: research and development initiatives for new products, new
materials, new production processes, production automation, optimisation and so on.

e Resource management: such as skills research, recruitment, career planning, incentive
policies, training, retraining and so on.

e Infrastructure: everything related to general management, organisation, IT manage-
ment, administration, finance, legal affairs, relations with public bodies and quality
management.
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sary resourceEEl It is a very bureaucratic structure, resulting in cross-functional
barriers and rather rigid lines of command and control. This organisation does
not allow the identification of responsibilities towards the final customer. It has
a narrow, internally focused vision, so communication with other functions is
often not fully satisfactory, and there is a lack of necessary coordination between
business activities. Finally, improvement is applied to those activities that the
function manages, for which it is limited, and may have negative effects at a
global level .

The purpose of evaluating these activities is that the ultimate goal of every
activity carried out by the company should be to create products that satisfy
the wishes of customers, thus creating value for the customer.

Obviously, not all activities of a company can create a value that can be
perceive by the customelﬂ and therefore those that do create such value deserve
special attention.

e Process organisation.

In order to overcome these problems, there has been a move towards an
organisation by processes. They are called end-to-end processes: they start
from an event outside the company (e.g. "an order arrives"), and produce
an output (e.g. "sends the product"), often passing through several functions
within the company itself (as shown in the red path of Figure .

A process view obviates the functional problems of a hierarchical organisa-
tion in which each function is limited to itself, reducing the improvement and
optimisation of the company as a whole.

5The typical breakdown by function is: production, production management, quality, mar-
keting and sales, general management, accounting and finance, R&D, HR.
SFor example, the maintenance of equipment does not directly concern the customer.

27



Understanding how the company actually works means analysing its pro-
cesses and building models that facilitate their analysis and improvement [100].

2.2.2 The process

A process is defined as a set of interrelated activities (decisions and actions) to
achieve a defined and measurable result (the internal or external product/service)
that transfers value to the customer |100} 107 108].

A process in the company is characterized by the following set of properties:

o It must respond to an external event by performing activities. It should
be seen as the response that the enterprise make when something happens
in the external world. The way the company reacts is precisely a set of
activities performed in a certain orde

e [t must achieve certain objectives. The process is the instrument with
which the company pursues its objectivesﬂ

e [t has to provide a result. Clearly identifiable for the customer (this implies
identifying the customers of the process) and measurable (e.g. in terms of
objects produced or services provided in a certain time). It is possible to
have several "customers" in a process (external and/or internal) but must
receive a result.

e [t consumes the company’s resources. Resource in the sense of something
that costs the company money: employee’ time (which is charged on an
hourly basis), materials, energy, maintenance services and so on; hence
the need to evaluate costs in order to determine the price of the goods
produced.

e [t has to meet customers’ requirements. Customers choose a product on
the based of certain quality requirements they have in mind, so the process
has to adapt as much as possible to these requirements (which may change
over time) by trying to continuously improve current products and (pos-
sibly) pre-dictate the type and quality of goods or services the customer
may require in the future. This leads to customer loyalty.

e [t is bound by internaﬂ and externam rules that cannot be violated and
can therefore lead to the execution of certain processes.

"For example "an order arrives". At time t an order arrives from customer X, the company
reacts with the first activity of the Manage Orders process which ends at time t’ with the
conclusion of the last activity "Deliver the package". Since the customer expects to receive
the ordered items "as soon as possible", the time between t and t’ is an important parameter,
usually called cycle time, hence the need to measure and reduce it as much as possible.

8For example, covering 30% of the market per year. Hence the need to measure the
gap between the final target and the current situation which might suggest, for example, a
promotional campaign in the last quarter.

9E.g. in a bank "the cashier may not hand over to a customer a sum greater than that
covered by the money deposited in the account and the credit available to the customer".

10External rules are laws, EU regulations, national labour contracts and so on. For example,
"to rent a car the customer must have a valid driving licence".
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e [t generally has a global manager (the so-called “Process Owner”). He/She
operates across functions, manages and monitors the process, checking
implementation times and intermediate and final outputs.

To construct a model of the process, these properties must therefore be fully

specified T}

e Time: duration of the activities (average times and variability), both
to carry out the simulation and because the shorter the cycle time, the
“happier” the customer.

e Deuviation from corporate strategy: KPIs - Key Performance Indicators.
e Resource consumption: specify how resources are used by activities.

e Process improvement: "better" processes produce "better" products.

o Complex control policies: messages, signals, exceptions, ...

It is important to emphasise, however, that the model cannot be limited to
the process map (flow chart), as the actual model is much more complex than
the map, so the map is not the model.

Moreover, "pseudo-processes” are often mistakenly analysed instead of con-
sidering the actual end-to-end process. A single activity or a limited set of
activities within an organisational function, a set of interrelated processes, inter-
related activities but within a single function, or sub-processes within an end-to-
end process are just "pseudo-processes”. Understanding the difference between
end-to-end process and "pseudo-processes" is important in order to undertake
optimisation actions of these "pseudo-processes". In fact, it is well known that
local optimisations, of a single sub-process or pseudo-process, can have nega-
tive consequences on global processes. This leads to an understanding of the
fundamental role that processes play in the company. Even if, traditionally, the
company continues to be divided into functions, all considerations regarding the
improvement of company performance should be based on how work actually
takes place within the company and, therefore, on its processes [100].

2.2.3 Process-based organisation and management: why
use BPM?

The evolution of the last fifty years that has brought together methods, tech-
niques and tools from three different strands for business management by pro-
cesses is the so-called Business Process Management or BPM [3]. These strands
are:

¢ Business management. It is based on a philosophy and methodology to
manage the company by organising it "around" its operational processes,

11These are the once that will be assimilated into the attributes in the tool of our practical
case.
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involving the company (its functions and resources) with customers, sup-
pliers and partnerﬂ Business management is driven by the manager,
who needs tools to:

— Control the execution of processes, directly managing the activation
of applications and access to pre-existing data (e.g. data inherited
from pre-existing applications).

— Reduce risks and ensure compliance with laws and regulations.

— Distributing documents, data and tasks for company’s resources, pro-
viding the right information in good time and at the required loca-
tion.

e Quality control. It comprises a set of (statistical) techniques aimed at
improving the quality of products (or services) by analysing their vari-
ability and that of their production (or supply) processes. This trend
belongs to the Quality Manager, who needs tools to control the quality of
products/services provided to the customer from the quality of the related
processes (assessable in terms of defects, reworking, delays, ...) and the
quality of components and raw materials purchased from suppliers.

e ICT. A set of techniques and tools to design, analyse, control, execute and
restructure the company’s operational processesIE ICT is the responsibil-
ity of the BPM designer who uses models, languages and methodologies
to describe, design and simulate business processes in order to support
the company’s strategy in pursuing its objectives as efficiently and effec-
tively as possible. Process models must allow the analysis of times, cost
and quality of the production (or delivery) processes of the products (or
services) supplied to the customer.

The use of a “common language”, comprehensible to all, to build a specification
of business processes that can be easily understood by all business roles involved
in the processes is of paramount importancdﬂ

2.2.4 BPM objectives

The Business Process Management discipline has the following objectives:

e Facilitating the alignment of management and production processes with
the company’s strategic objectives (improving productivity, resource man-
agement and quality).

120ne of the tools used in this evolution is for example Porter’s value chain.

13The tools and methods that have led to the evolution in this field are for example software
methodologies, languages such as UML and BPMN, process simulators, workflow engines.

14The language that will be analysed and described is currently the international standard
for the specification of processes, called BPMN (Business Process Management and Nota-
tion - version 2) and was released by the international standardisation group OMG (Object
Management Group) together with other languages such as the Business Motivation Model
(BMM) and the UML (Unified Modeling Language) [100].
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e Optimising the company’s "internal" processes by creating a corporate
culture and a context in which it is possible to apply methodologies and
tools capable of managing continuous process improvement activities, in
parallel with radical improvement phases, which may become indispens-
able at critical moments when innovation initiatives need to be introduced
in the company. The ultimate goal must always be to improve quality and
efficiency. It is therefore necessary to be able to identify which steps are
really necessary and who should carry them out, how they should be car-
ried out and what skills they require, what the expected results are and
how to evaluate them, and how to eliminate waste along the way. The
graph in the Figure [2.3] shows the curve of improvement in efficiency and
innovation over time.

To automate the flow of control and documents internally (through a
workflow engine).

Analyse, model and measure the process by introducing Key Performance
Indicators (KPIs) to identify critical points.

Use the model to make predictions ("what if" analysis) in order to improve
the working environment by eliminating repetitive, boring and unhelpful
steps through the "intelligent" application of technologies and reshape
existing processes by optimising them in terms of quality and efﬁcienc

e Managing the process over time: life cycle (see Figure according to
[100]).

The process model plays an important role in the life cycle of the process
itself. Indeed, it is not a static structure but evolves over time through different
stages, which have different tasks and actors, linked to the roles played [100,
107, |108], |3} |73], [325].

Table[2.I]describes the details of the tasks in the various stages of the process
life cycle. The life cycle starts with the process modelling phase. The model
is specified using the BPMN language and then validated through animation
and simulation phases in which the model results are compared with the actual
data of the identifiers to ensure a good "fit" of the model to the business reality.
Once validated, the model can be optimised through restructuring actions that
can be verified by simulation and "what-if" analysis of different scenarios. The
"internal" cycle ends when the model produced shows satisfactory results on the
simulator. In the implementation phase the model is "translated" into the input
specifications of the workflow engine to then be automated during the execution
of the process. The engine is a software system that, once it has received the
executable version of the model, manages the process during execution, takes

15For example, to find out whether the number of staff made available to date for a given
task is surplus, i.e. with fewer people the output is the same or even more efficient, or whether
an extra person would ease the surplus and thus improve the working environment as well as
efficiency.
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Table 2.1: Details of tasks in the various stages of the process life cycle.

Stages Tasks Actors
Modelling & Building the model Analyst
Optimisation Define indicators

Optimise the model through simulations
and "what-if" analysis

Validation & Validating the model through simulation Analyst
Simulation Check the model on current indicators
Implementation | Translating the model on the workflow engine | Developer
Execution Executing the workflow Manager
Monitoring Check the indicators Analyst &
Identifying the possibilities for improvement Manager

Deciding on renewal

care of the interaction between the various participating actors and coordinates
their activities. Since the engine keeps track of all operations that are carried
out, monitoring uses this data to understand whether the performance of the
process is within the expected levels or whether a new process optimisation cycle
is required [100} 107, |108].

2.3 How to build and analyse a process model:
the BPM methodology.

Building and analysing a process model is, in real cases, a complex project.
The project needs techniques (methodologies), descriptive tools (languages) and
supporting tools (tools).

The methodology is a specification of the “good criteria for” designing the
system: it is a sequence of elementary steps consisting of suggestions and rules
used for the construction of models and for their verification according to defined
criteria (e.g. correctness, completeness, adequacy to the requirements).

Languages are descriptive tools used for model specification.

The tools are automated tools to assist the designer in building the models
and to verify and validate thenﬂ The BPM methodology is organised in phases
and steps and refers to the life cycle of BPM projects [100} [107, 108, |3]. It is
important to always bear in mind that there will always be resistance to change,
to a greater or lesser extent, from within the company.

This section introduces the methodological framework based on the BP-M*
methodology and the BP-M* process model |101].

Figure shows the four phases of the methodology used in this thesiﬂ

The phases consist of:

16What we used in the actual case is iGrafx Process2015 [158]
17The phases are briefly described. The chapters on use cases take up these phases and
show their application.
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Figure 2.5: Phases of the BPM methodology.

PHASE 1: CONTEXT ANALYSIS. The context analysis phase aims
to establish the general strategic scenario of the company and to determine the
organisational components that will be investigated.

In this phase, the context in which the intervention is to be developed is first
analysed. The context involves first analysing the company strategy in order
to determine the objectives to be achieved, and then selecting the company
functions and activities that affect these objectives. For example, if the objective
is to increase production, it is obvious that activities related to relations with
suppliers and the processing of raw materials should be evaluated in order to
optimise the company’s performance.

This phase is important both for the management of the company (the
"client" of the restructuring project) which is helped to fine-tune the require-
ments at the origin of the intervention, and for the team which has to carry out
the intervention taking into account the limits and constraints of the interven-
tion itself.

PHASE 2: PROCESS ENGINEERING. This phase aims to identify,
through the analysis of the current situation (As-Is) of the company and the
modeling of the processes to be re-engineered, the main deviations from the
needs dictated by the company’s strategy.

The initial aim of this phase is the determination of the activities taking place
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in the business functions involved in the process and of the causal factors re-
lationships between them. The process is then reconstructed from external
input/output events and/or objects, leading to the definition of the process di-
agram (or process map, or flow chart). The process model has to be validated
with the stakeholders involved in the process, using animation and simulation
of its specification, resulting in the so called As-Is model. This model provides
managers and engineers with an accurate specification of the enterprise as it is,
from which they can make:

e a good assessment of its status, and
e an accurate estimate of available capabilities.

There is sometimes a tendency to neglect this phase in order to go straight to
the specification of the new restructured processes (this is the so-called radical
approach to restructuring) with the risk of reproducing old mistakes and not
reflecting the real organisational needs of the company. For these reasons, an
approach aimed at reconstructing the framework of the current processes in
order to identify critical points is preferable. Comparison with the objectives of
the intervention should make it possible to assess the improvements to be made
by restructuring.

In this phase it is necessary to be methodologically rigorous, and to effec-
tively involve the company structures linked to the intervention as they have
the real knowledge of the processes.

The phase consists of two steps:

e Structural and functional analysis. This step constitutes the so-called
analysis of the current situation of the company in question and seeks to
describe the company "as the company sees itself" (i.e. as if it were made
up of structural components that perform functions). In this way, the
structural and functional architecture of the company is determined.

— Structural analysis: the objective of the task is to acquire information
regarding the general organisation of the company, its division into
units and jobs and the resources available.

— Functional analysis: the objective of the task is to specify the way in
which the company operates by describing its functions and specify-
ing the activities that the functions manage. The analysis is generally
conducted with a series of interviews with the executor of the func-
tions. The interviews should try to highlight for each node of the
functional network: 1) the input, 2) the output, 3) the objects of
control and 4) the resources the function allocates to its activities.

e Process reconstruction and engineering. The objectives of this step are:
firstly, to reconstruct the diagram of the process under analysis to specify
the way in which the company operates. Secondly, to engineer the process
by specifying the context in which it operates; in particular: the resources
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that the process uses across the various organisational units of the com-
pany (relations towards the inside of the company) and the events through
which it interacts with the outside by exchanging objects (data, modules,
products, etc.) must be specified. Finally, verify the specification obtained
through the static and dynamic validation steps; the dynamic validation
must allow the process indicators defined in the previous phases to be
estimated on the model.

The step involves the following tasks:

— Process reconstruction.

— Validation of processes and estimation of indicators.

PHASE 3: TECHNOLOGY ANALYSIS, RISK ANALYSIS, COM-
PLIANCE CHECKING. According to the previously established objective,
in this phase there is the search for optimisation. The search may involve one
or more of these stages:

e Technology research and analysis. The aim is to investigate which are the
most appropriate technologies or devices to introduce in the process in
order to improves it.

e Risk Analysis. The purpose is to check the current process to understand
the possible causes of risk in order to decide which corrective actions shoud
be introduced. The procedure for managing risks consists of:

— Risk identification: in order to carry out risk identification, managers
may consider reports of reporting errors (usually stored in an inci-
dent reporting database), such as events that caused problems and
complaints. Results of inspections and audits may provide useful
information.

— Risk analysis: the objective of this step is to determine the causes of
risks and the factors favouring errors, as well as their effects.

— Risk assessment: decision-makers need to determine which types of
risks should be prioritised.

— Risk treatment: a risk can be treated by introducing preventive mea-
sures and/or accepting the risk with or without supervision.

e Compliance Checking. Monitoring regulatory compliance is one part of
the risks that can occur in a company.

Therefore, the compliance check could be considered as a sub-step of the
risk analysis. The objective is to verify that both the current process
and, more important, the optimised and final process comply with the
law. The addiction of some devices, rather than the modification of some
activities or resources within the process could lead to a non-compliance of
the process. For example, the introduction of a technological device might
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lead to the introduction of a new rule, to the extent that a compliance
checks of an As-Is process might not be sufficient. Even if an initial process
is compliant, at the end of the optimisation it may not be compliant either.

Although this verification has always been done manually in the past, it
is easy to imagine how many laws and regulations may be involved in a
company, creating a huge workload for analysts. For this reason, tools
that perform this verification in a semi-automatic way are becoming more
and more common. In general, these tools are based on a logical language.
In conclusion, compliance checking is increasingly linked to logical based
languages and their evolution.

PHASE 4: PROCESS OPTIMISATION. The purpose of this phase is
to trace back from the problems highlighted in the previous phase to possible
solutions to restructure the As-Is model generating the new To-Be version.

The aim of this phase is to formulate proposals for the restructuring of
processes, through the application of typical re-engineering tools, selecting the
most efficient and effective alternative, compatible with the constraints imposed
by company management (e.g. the cost of the intervention).

Design solutions must then be discussed and approved by the company’s
management, while trying to link the chosen solution with the organisational
size and resources available in the company. It may be necessary to coherently
redefine the responsibilities, roles and tasks of resources to ensure the control,
effectiveness and efficiency necessary for the restructured process.

2.4 The BPMN standard language

The main purpose of the development of the Business Process Model and No-
tation (BPMN) standard is to provide a notation that is easily understood by
all users of the business; both analysts, who have the task of drawing process
diagrams, and developers, who have to put in place the technology that will im-
plement these processes, and managers of the various processes, who will have
the task of managing and controlling their operation.

Business processes are represented through the creation of process diagrams,
called Business Process Diagram (BPD): a graphic notation capable of repre-
senting in a clear and comprehensible way the flow of activities that are carried
out during operation of the process under study.

The graphic elements of the notation have to be organised into some specific
categories. In this way, it is possible to read and understand a process diagram
through the use of a limited number of symbol types.

At the same time, various shapes and information can be added within the
basic categories of elements to represent the complexity associated with the
process without affecting the clarity of the diagram.

Compared to traditional flow charts, BPMN introduces some innovations,
such as the possibility of having mobile (i.e. non-contiguous) and mobile depart-

37



Symbol Description

Pool and Lane

Fael

=
c
E
o
o
E
5

Events:

'- ’_’O Begin and End of the

¥ ) process
1£3) =) Time and Message

Activity

Sub-process

Arrow, connectors

> between activities
i Gateway:
V4 Exclusive
@ O Y Inclusive
Parallel
<%

Figure 2.6: Main symbols of BPMN.

ment to represent not only sequences of activities, but also "sets of activities",
not necessarily consecutive.

The departments, which are also divided into lanes or swimlanes, are popu-
lated with the shapes shown in Figure and structured according to certain
rules: circles represent events, rectangles indicate operations (activities) and
rhombuses represent control over flows. In addition, it is possible to insert
accessory elements or certain graphic shapes that are intended to facilitate un-
derstanding of the process.

Another novelty is the graphic distinction between the connectors: a solid
line represents the physical flow between activities along the process, and a
dotted line indicates the flow of information linked to the process.

Another difference from traditional flow chart is the exception handling,
which in BPMN is more advanced and sophisticated. The BPMN also allows
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the implementation of ad hoc processes in which the sequence of operations is
not essential or not known [100} 108, |3].
The four basic categories of BMPN elements are:

e Flow objects.
e Connecting objects.
e Departments (or Swimlanes).

o Artifacts.

Flow objects. A BPMN diagram can have three basic types of shapes
within it:

e Event.
e Activity.
e Decision (or Gateway).

FEvent: is represented by a circle and indicates an event that occurs during
a business process. Events influence the flow of a process and usually represent
the trigger or a result of the process itself (outcome). Events are circles with
empty centers to allow, through different icons within them, different causes
or results to be identified. There may also be intermediate events, especially
timer-type events to represent delays that may occur during the process.

Activity: is represented by a rounded rectangle and represents one of the
generic elementary action into which a process can be decomposed. Activities
can be atomic or non-atomic (compound) depending on whether they cannot or
can be further broken down into simpler steps: in the first case they are called
Tasks, in the second case Sub-Processes. A sub-process is marked by a small
"+" sign at the bottom of the form.

Decision (or Gateway): is indicated by the rhomboid shape that in tradi-
tional mapping is used to represent decisions. In BPMN it has a different use,
because it is used to control the divergence and convergence of the flow sequence.
Here too, different icons within the rhombus specify the type of action that the
controls have on the flow (decision: "X", parallelism: "+") [100].

Connecting objects. The shapes are linked together in a diagram to
create the basic structure of a process diagram. Three types of connectors can
be distinguished according to their function. The connectors are:

e Sequence.
o Message.

e Association.
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Sequence: a continuous arrow represents the physical flow of the process
(how activities are coordinated with each other).

Message: a dashed arrow represents a flow of information that two separate
processes (different entities or business roles) exchange with each other.

Association: a dotted arrow is used to associate data, text, and other ancil-
lary elements with shapes. Associations can be used to specify the inputs and
outputs of activities |100].

Departments (or Swimlanes). Many mapping methodologies use the
concept of Department as a mechanism to organise activities into separate cat-
egories, referring to the functions that manage the activities by providing them
with the necessary resources. Departments in BPMN can be expressed in two
ways:

e Pool.
e Lane.

Pool: represents an entity that participates in a process, and acts as a graph-
ical container of shapes, usually in a business-to-business (B2B) context.

Lane: this is a subdivision within a pool and extends along the entire length
of the pool, both horizontally and vertically.

Lanes are used to organise activities and divide them up, for example, ac-
cording to their function and the department in which they take place. Pools are
used when the process diagram involves two business entities (or participants,
if you prefer) that are physically separated in the diagram. However, in BPMN
diagrams the physical process flow cannot cross the boundaries of a pool. The
physical process flow passes smoothly through the boundaries that delimit the
lanes [100]. Conversely, the information flow (that of the Message type) can go
beyond these boundaries, as it indicates the information exchange that exists
between two participants.

Artifacts. The BPMN is designed to allow modellers and modelling tools
flexibility in extending the basic notation and providing the possibility of adding
elements to contextualise the diagram to the specific situation. A number of
additional elements can be inserted into the diagram to make it more appropriate
to the context in which the process takes place. The current version of the
specification establishes three types of additional elements:

e Data object.
e Group.
e Annotation.

Data Object: is a means of clarifying what an activity requires or produces,
and is linked to an activity via the connection line called the Association.
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Group: is represented by a rectangle drawn with a dashed line. The assembly
may be used for documentation or analysis purposes, but, like other auxiliary
elements, it does not affect the physical flow of the process.

Annotation: serves to provides additional information, in the form of text,
to those who have to read BPMN diagrams.

Analysts may create additional elements to introduce more details about
the process implementation (e.g. inputs and outputs of the activities). Never-
theless, the basic structure of a process, determined by activities, controls and
connectors, does not change as a result of the use of additional elements [100].

2.5 Simulation: a way to validate the model

An appropriate simulation model is a simplified representation of reality and can
be used to simulate that reality using a computer. Simulation has become one of
the standard analysis techniques used in the context of operations research and
management. It is particularly attractive because it is versatile, imposes few
constraints and produces results that are relatively easy to interpret. Analytical
techniques have other advantages but typically impose additional constraints
and are not as easy to use [74].

However, it is also important to emphasise that today’s simulation tools
can be used to quickly build simulation models, but faulty simulation models
or incorrectly interpreted results can lead to wrong decisions. Therefore, the
validation of simulation models and the correct derivation and interpretation of
simulation results are of major importance.

It is no surprise that in the BPM context, simulation is one of the most
established analysis techniques, supported by a wide range of tools [4], and
based on control flow modeled using the BPMN representation for activities,
events and gateways [107} 295] |316].

The correctness, effectiveness, and efficiency of an organisation’s business
processes are vital for survival in today’s competitive world. A poorly designed
business process can lead to long response times, low service levels, unbalanced
use of resources, angry customers, backlogs, damage claims and loss of reputa-
tion. This is the most important reason to analyse processes before they are
put into production (to find design flaws), but also while they are in operation
(for diagnosis and decision support).

Process modelling and simulation offer substantial cost savings in validation
of industrial processes. As new equipment and research often require significant
investment, the process validation for the approval of new solutions must be
fast and foolproof. The benefits of modelling and simulation are clearly visible
in phases ranging from initial research and development (R&D) to optimisation
of an operational plant.

First of all, let us distinguish between modelling and simulation:

e Modelling is the construction of an accurate, often mathematical, repre-
sentation of a system or process.
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e The simulation makes calculations of how changes in the system model
should affect an industrial process.

There is a close link between the two: in order to make successful simula-
tions, you need a well-built model that defines the behaviour of the processes
accurately as possible.

Once the model has been created, it must be validated.

There are several way to validate a model, including having it validated by
stakeholders, such as workers at different levels, or simulating the model and
comparing the simulation results with the real business data.

The simulation is based on KPI indicators and the validation is based on
the comparison of these KPIs with actual business data. Subsequently, after
restructuring, the level of optimisation of the scenario models is verified by the
improvement of these KPIs in the new models compared to the value of the
same KPIs in the starting model.

Modelling and simulation offer several benefits. The four key benefits are:

e Speed. Modelling and simulation allow you to calculate changes in com-
plex systems in just a few hours. You can then analyse a large set of
scenarios efficiently to support your decision-making.

e Resource saving. Simulation results can guide an industrial process to
significantly reduce energy or raw material consumption, thereby increas-
ing production efficiency.

e Flexibility. Many competing solutions can be tested simultaneously be-
fore arriving at a decision and making an investment.

e Predictability. The entire life cycle of a plant or piece of equipment can
be analysed in advance with simulations, which helps to make data-driven
decisions.

In addition, some important reasons for using a simulation model are |1} 7]:

e Gain an insight into an existing situation or proposal for the future. Un-
derstand what is important and what is not.

e A real experiment might be too expensive. Simulation is a convenient way
to analyse different alternatives, such as hiring extra staff or adding new
servers.

e A real experiment may be too dangerous and may not be repeatable.
Some experiments cannot be conduct in reality for legal, ethical, or safety
reasons.

e The simulation is flexible, so any situation, even a complex one, can be
studied.

e A wide range of questions such as waiting times, utilisation rates and error
rates can be answered using the same model.
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e Simulation is easy to understand. Unlike many analytical models, lit-
tle specialist knowledge is required to understand the analysis technique
use

In conclusion, simulation can be transformed into a powerful tool for op-
erational decision-making using real-time process data. Business process need
to be optimised due to competition and changing regulations. Modelling and
simulation are risk-free ways to experiment with new solutions that could make
the production process more efficient or environmentally friendly. Simulation
provides a flexible approach to analysing business processes. Through simu-
lation experiments, various “what-if” questions can be answered and redesign
alternatives compared to KPIs.

2.5.1 BPM-based simulation and risks to be avoided

For the purpose of using simulation as an analysis tool, it is useful to use the
BPM life cycle steps (see Figure [2.4)).

e The simulation process begins with a definition of the problem, describing
the objectives and setting the scope of the simulation study. The scope
tells what will and what will not be a part of the simulation model. The
problem definition should also state the (preferably quantifiable) questions
to be answered.

e The next stage is modelling with the creation of the conceptual model.
The conceptual model defines the classes of objects and the relationship
between these objects. The relevant characteristics (properties) of these
objects must be determined and perhaps the problem definition adapted.

e After the conceptual modelling phase, the implementation phase begins.
The conceptual model is mapped onto an executable model that can be
simulated directly on the computer. The way of creating this model de-
pends strongly on the simulation tool used. Simulation languages require
a general design and implementation phase. Simulation packages that are
adapted to the problem domain only require correct parameterisation. The
objects of the conceptual model are mapped to the building blocks of the
package and their quantitative characteristics (e.g. speed) are translated
into parameter values of these building blocks.

e An executable model is not necessarily correct, so it must be verified.
Model verification is necessary to examine whether the model contains

18There are many mathematical models that can be used to analyse abstractions of business
processes. Such models are often called analytical models. These models can be analysed
without simulation. Some examples are queuing models [173], queuing networks [48|, Markov
chains and stochastic Petri nets |141} [207]. If a simple analytical model can do the job,
simulation should not be used. Compared to a simulation model, an analytical model is
typically less detailed and requires fewer parameter settings [3].
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qualitative or quantitative errors, such as programming errors or incor-
rect parameter settings. For verification purposes, small test runs can be
simulated step by step, or a stress test can be applied to the model.

e Validation is the next step. During validation, the simulation model is
compared with reality and the results of a simulation run can be compared
with observations from historical data.

e Starting from the validated model, experiments can be carried out. These
experiments must be conducted in such a way as to obtain reliable results
as efficiently as possible. At this stage, decisions will be made regarding
the number of simulations and the length of each one.

e Simulation results should be interpreted to allow feedback to the prob-
lem definition. Confidence intervals should be calculated for the various
KPIs based on low-level measurements collected during the simulation.
Furthermore, the results should be interpreted to answer the questions of
the problem definition and the corresponding reliability should be indi-
cated. All these issues are summarised in a final report with answers to
the problem definition questions and proposed solutions.

Normally, several alternative situations are compared with each other and
different simulation models are created and tested and the results compared.

Often, several possible improvements of an existing situation have to be com-
pared through simulation. This is called “what-if” analysis. Simulation is suit-
able for “what-if” analysis because it is easy to vary the parameters and compare
alternatives according to the selected KPIs.

Simulation is a powerful and flexible tool that can be used to support
decision-making. If simulation is applied incorrectly (faulty model or poor anal-
ysis of results), then this can lead to incorrect decisions that are very costly.
Therefore, there are some typical risks of simulation that should be avoided:

e One-sided problem definition. If the problem definition is written
solely by the user or systems analyst. The user may have extensive knowl-
edge of the problem area, but does not have the expertise to define his/her
problem. The systems analyst knows perfectly well the elements that
should be present in a problem definition, but does not have the back-
ground of the specific problem.

e Wrong level of detail or scope. Too much detail causes the model to
become unnecessarily complex and introduces extra parameters that need
to be evaluated; too many abstractions can lead to a model of simulation
that leaves the essential questions of the problem definition unanswered.
The right level of detail is chosen if these three statements are satisfy
together:

— Information is present that allows experiments with the model.

— The important questions of the problem are addressed by the model.
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— The complexity of the model is still manageable for all stakeholders.

Related to the level of detail is the scope of the model. One department
may be linked with other, such as the use of the same resources and
other departments interacting with the process. Enlarging the scope or
increasing the level of detail may lead to more accurate models. However,
greater detail or a wider scope may lead to increased modelling and data
collection efforts.

Hidden assumptions. During modelling and when building an exe-
cutable simulation model, many assumptions have to be made, but hid-
den assumptions can also lead to invalid conclusions and wrong decisions.
Therefore, all assumptions must be documented and discussed regularly
with the user.

Validation by the wrong people. Due to time pressure or user indiffer-
ence, the simulation model is only validated by its creators and may lead
to some errors. Therefore, the user should be involved in the validation of
the simulation model before any experiment is conducted.

Forcing the model to adapt. In the validation phase, the results of the
simulation model often do not correspond to the real observed or recorded
data. Forcing the model to "fit" by changing some parameter values is
very dangerous. Parameters should only be adjusted after understanding
why the model deviates from reality.

Underexposure of model sensitivity. Certain model parameters (e.g.
intensity of the arrival process) are often fixed at a specific value. For
example, a small increase in workload can have dramatic effects on average
throughput or waiting time. Therefore, the sensitivity of the model to
small adjustments of its parameters should be seriously considered.

No sub-runs. A single long simulation cannot guarantee correct results,
nor can it derive a confidence interval from the measured mean variance
because, for example, the mean variance of the measured waiting time is
not related to the reliability of the estimated mean waiting time. The only
way to derive independent measures is to have independent sub-runs.

Careless presentation of results. Interpreting the results of a sim-
ulation study may require complex statistical analysis and may be very
difficult to translate into a language that a user can understand.

Animation dangers. Modern simulation tools allow impressive visuali-
sations of simulation results that graphically show the process as it unfolds.
These facilities improve communication with the user. However, by dis-
playing the tangible aspects of the simulation model, the user can develop
a faith unfounded in the model. The choice of parameters or decision rules
profoundly influences the results of the simulation, yet are just visible in
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an animation. The same applies to the presentation of simulation results.
A statistical analysis is always necessary.

e Unnecessary use of simulation. Simulation is a flexible analysis tool
that can be applied in almost any business context. However, if a simple
mathematical model or spreadsheet is sufficient, simulation is "overkill".

e Abstract relevant contextual factors. Processes take place in a par-
ticular context |254] that is often overlooked in simulation studies. Not
capturing this context may result in simulation models with limited pre-
dictive value. The context could be related to:

— Instance: the way firms handle a customer’s order. The type of cus-
tomer placing the order may influence the path the instance follows in
the process. The size of the order may influence the type of shipment
the customer chooses or the transportation time.

— Process: the process may handle thousands of customer orders per
year or the process model typically describes the life cycle of an order
in isolation.

— Social: refer to all of these factors as the social context, which char-
acterises how people work together within a particular organisation.
People and organisations are typically not assigned to a single pro-
cess and may be involved in many different processes and friction
between individuals may delay process instances, and the speed at
which people work may vary due to circumstances that are not en-
tirely attributable to the process.

— FEzternal: e.g. weather, economic climate, and changing regulations
may affect how organisations handle cases.

e Ignoring concept drift. Processes can change due to periodic or sea-
sonal changes. Predictable drifts (e.g. seasonal influences) with a signif-
icant influence on the process must be incorporated into the simulation
models. For unpredictable drifts (e.g. changing economic conditions),
different "what-if" scenarios should be explored. Such changes affect pro-
cesses and organisations must detect and analyse them.

e Ignoring that people are involved in more than one process.
There are few people who perform activities only for a single process.
Often people are involved in many different processes, e.g. a doctor or
specialist may perform activities in a wide range of processes. Simula-
tion often focuses on a single process, often ignoring competing processes.
In this case, it is possible to make the assumption and set 2 resources
available 50% of the time (because the other 50% is involved in another
process) but with the wrong result that one resource is sufficient.

e Assuming that people work at a constant speed. People do not work
at a constant speed and the speed is based on their workload, personal
attitude and work pressure.
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e Ignoring the fact that people work in batches. People prefer to let
work items related to the same task accumulate, and then process them
all into one lot. In most simulation tools a resource is either available or
not, it is assumed that a resource is looking forward to work and reacts
immediately to any work items that arrive (such as people replying to
emails). Clearly, this does not correspond to the way people work in
reality.

Fortunately, modern IT infrastructures and the huge amounts of event data
collected in many organisations also enable new forms of simulation. IT systems
are becoming increasingly interconnected with the business processes they aim
to support, resulting in an “explosion” of available data that can be used for
analysis purposes. Today’s information systems already record huge amounts
of events and it is clear that data-driven analytics such as process mining [71]
will become more important. Increasingly, simulation techniques will have to
incorporate data from real events [3].

2.5.2 Types of simulations

There are various models for different purposes, ranging from the study of molec-
ular changes to more general models covering effects on the whole.

At least three main categories of computational simulations have been con-
ceived in the last four decades.

e System Dynamics
e Discrete-Event

e Agent Based

First, System Dynamics (SD) models are top-down approaches to modelling
and simulation, where a set of mathematical (i.e. differential) equations defines
the behavior of the input-output system. These types of models focus on how
populations of agents behave as a whole by studying how different populations
change over time [119]. SD was initially proposed in urban management studies
[120], but was quickly applied to different types of systems. In a typical SD
model, the current output of the system depends on both its past history and
current state.

The second type of approach is Discrete- Event Simulation (DES) [44], which
focuses on an ordered chronological sequence of events occurring at precisely
defined moments of time. The simulation is event-driven, and the state of the
system 1is discrete in time and space [322].

Finally, Agent-Based Simulation (ABS) typically focuses on programming
the behaviors of individual agents to observe phenomena that emerge from their
interactions. This type of approach has not been adopted as widely in man-
agement and organisational studies as in other domains. A recent review has
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suggested a demarcation for this field, proposing the term Agent-Based Organ-
isational Simulation (ABOS). In fact, the authors argue that ABOS refers to
the application of agent-based simulation in business and management [125].

To improve a holistic view, a hybrid simulation [66] has recently been pro-
posed, combining two or more of the following methods: SD, DES and ABS.

Although we have explored the potential of the use of agent-based simulation
in healthcare in article [287], this thesis will focuses on discrete-event simulation.
This choice is based on the fact that the processes that will be analysed in
the thesis concern activities carried out by physicians and nurses according
to protocols defined and tested in time by the hospital. These processes are
therefore generally well structured and, in addition, in recent years the hospital
has collected a relevant set of data. For all these reasons, according to the
theory of discrete event systems [3], the most suitable theoretical tool for the
analysis of this type of processes is DES.

2.5.3 Discrete event simulation

Discrete event simulation (DES) is used to reduce uncertainty and create con-
sensus by visualizing dynamic views of the process.

It is based on a current state or As-Is, which is mapped to capture a snapshot
of how things are done and where improvement solutions lie, and on a future
state or To-Be map, constructed to show how things should be done considering
potential requirements.

DES has been regarded as one of the most flexible analytical tools in the areas
of design and operation of business systems. It is aggressively used to manage
uncertainty and create dynamic views of lead time and machine utilization.
This allows the quantification of results and provides the possibility to compare
expected performance against actual performance. It can then be used to assist
organisations in the decision-making and implementation.

Initially, data on routing time are received from the company (in this case
the healthcare department). The outputs of computer calculations and models
are only as good as the inputs, and inaccurate data guarantees less meaningful
outputs. Therefore, the department séends a lot of time observing the entire
process to confirm the consistency of the time data with those reported one.

In the follow case study, a detailed simulation model is built using iGrafx
software |158| to assess potential gains. It offers various process analysis solu-
tions that help to document, analyse and improve their operations. In particu-
lar, it is used to create process models that serve as an environment for running
process simulations.

In general, building a model and simulation process using iGrafx involves
several basic activities:

e Create a diagram of the process model using departments, shapes, and
connector lines.

e Describe the behavior of each activity.
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e Building the simulation environment.
e Execute a simulation and analyse the results.

Once the initial analysis is completed, only a few realistic scenarios are se-
lected by looking at the actual processing times of activities and then charac-
terising their variation with statistical distributions. In the end, a scenario is
chosen as a potential map of the optimised future state [320].

2.6 Process Mining: a way to reconstruct the
process

In modern companies, information systems and information technology have
become increasingly important due to the large amount of data recorded on a
daily bases |96].

For the correct management of the company, Information Systems (IS) must
be integrated within the company organisation, which implies a perfect knowl-
edge of the company’s operational processes. In this sense, Information Systems
can be included in the broader category of Business Process Management sys-
tems.

One of the emerging areas of Business Process Management is Business Ac-
tivity Monitoring [165], which extends the functions of information systems to
the diagnosis of processes from the collection of data stored in the form of event
logs, which are used to obtain models of the processes implemented and detect
their strengths and weaknesses.

Information Systems record data about the execution of activities in partic-
ular event logs [306]. These event logs collect instances called traces, for which
time-ordered events are listed. Therefore, it can be seen as a chronology of what
happens within a particular organisation. Each event carries single or multiple
pieces of information, therefore, the recorded data can be used to obtain a clear
description of ongoing business processes.

To study such event logs, a field has grown in the recent years, linking process
and data sciences: Process Mining (PM) |5} 305]. Thanks to these techniques,
it is possible to infer, monitor and improve processes in a wide variety of appli-
cation domains [306|. If workflow design techniques allow to model a process
on the based of information derived from literature, from interviews with per-
sonnel involved in the process itself or from direct observation, process mining
techniques allow to derive process models from data concerning their concrete
and punctual execution.

Process mining is a family of techniques focused on gaining valuable insights
from the data that processes generate as they run. It functions as a bridge
between process science (which includes areas such as business process man-
agement and operations research) and data science (which includes areas such
as data mining and predictive analytics), resulting in methods for analysing
processes through data [305]. Therefore, one of the first objectives of PM is
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the creation of a graphical model that comprehensively describes what actu-
ally happens during the execution of a process: the technique that allows the
identification of this model is called Process Discovery [2].

In detail, the main challenge is to try to exploit data in a way that is sig-
nificant, to model real processes and provide suggestions for a better allocation
of the resources dedicated to their execution, identify bottlenecks, predict prob-
lems, record rule violations, recommend corrective actions. By applying process
mining techniques, some fundamental aspects need to taken into account:

e Events constitute the central point of any process mining activity. Events
are not necessarily stored in logs, but can also be stored in relational tables,
messages, e-mail archives and other information sources, and extracted
from these in the form of an event log |151]. Events must have certain
characteristics:

— Each event is uniquely defined at a specific stage of the process.
— Each event refers to a case, i.e. an instance of the process.

— For each event, an originator is specified, i.e. the personnel or re-
sources used to carry out the activity.

— For each event, a timestamp is given, i.e. a time reference indicating
when the activity is took place.

— Attributes may be present for each event, providing additional infor-
mation on the characteristics of the activities carried out.

e The quality of a PM result is closely linked to the quality of the input
data: consequently, logs are of primary importance within the information
systems supporting the processes to be analysed and must be examined
prior to analysis. There are some criteria, listed below, to assess the
quality of the available data |306]:

— Reliability. Refers to the ability to state with certainty that recorded
events have occurred and that events attributes are correct.

— Completeness. Once a precise context has been established, no
event should be missing.

— Semantics. The definition of each event must be clear.

— Security. Event data must be recorded in accordance with privacy
and security criteria.

e Process mining techniques have to be applied with the clear aim of an-
swering certain questions: without a concretely defined goal it is very
difficult to extract meaningful data and events. Models extracted from
event logs can provide different views of reality and can focus on different
aspects and show them at different levels of granularity and precision, de-
pending on the level of choices to be decided by the various stakeholders.
The interpretation of the models as maps also allows to emphasise certain
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steps or aspects of the process or even eliminate process activities that are
considered insignificant. These considerations show that it is essential to
choose the right representation and size it according to the end users.

e In order to correctly interpret the results of PM, these ambiguities must
be eliminate through knowledge of the application domain. In fact, the
process model extracted from the event log may cover various aspects:
organisational, temporal, data, resources, etc. For this reason, the identi-
fication of the relationship between the events in the log and the elements
of the model is the starting point for different types of analysis: the events
must be precisely linked to the process instances (event correlation). In
some cases, establishing this relationship may not be trivial without a
domain expert, since, for example, an event may refer to two different
activities or this link may not be clear.

2.6.1 Process Mining for healthcare

In the healthcare sector, processes are rapidly evolving and characterised by a
large number of variables and information systems are increasingly supporting
process management and control activities. Process mining techniques are there-
fore an important tool to improve the knowledge of the processes themselves and
their monitoring [224]. In fact, the premise of PM is to discover, monitor, and
improve real processeﬁ by extracting information about their actual execution.

In recent years, various Process mining techniques have been proposed for
different fields of applicatiorﬂ As far as healthcare processes are concerned,
among the various techniques in this category, Business Process Discovery stands
out for its importance and applicatiorE The choice of these methods is mainly

19The term real arises from the need to distinguish a merely hypothesised or assumed
behaviour, based on various pieces of information, from the real behavior of the system.

20 A huge and recent review was made in [104]

21Some important revisions have been made recently:

e From Rojas et al. on 74 papers focusing on health processes (excluding studies related
to clinical pathways) and published before 8 February 2016, in |253].

e By Erdogan and Tarhan on 172 studies, between 2005 and 2017, with 93 on health
processes and 59 on clinical pathways, in |111].

e By Garcia et al. who on a general review on PM devote a section to healthcare where
it can be seen that most of the contributions were related to clinical pathways, using
conformance checking or process discovery. The topics of interest are numerous, but
mostly focused on resource utilisation, identification of bottlenecks and indication of
potential process improvements [265].

On the other hand:

e Yang et al. in a review of the literature on process mining studies applied to clinical
pathways, out of 37 selected studies show that the identification of variants is a key
point for adapting the clinical pathway (leading to its adjustment or redesign). In
connection with adaptation, the improvement of self-learning of the clinical pathway
is also necessary. Furthermore, the diversity of events and the complexity of chronic
disease in clinical pathways is a challenge. These complexities make traditional process
mining algorithms not practically suitable for clinical pathways. Finally, the whole
medical process has to be considered when studying clinical pathways in hospitals.
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driven by the noise and less structured processes encountered in healthcare data.
This may illustrate the need for customised methods for healthcare process min-
ing, motivated by the complexity and the challenges of healthcare data. High
variability in health event logs is identified as a major challenge. Furthermore,
a lot of context-specific information is needed to successfully conduct process
discovery on healthcare data. Therefore, mobilising medical experts to retrieve
specific knowledge is necessary, but can also be challenging in some organisations
[104].

When developing and using process mining in healthcare, the distinctive
features of healthcare processes, such as their variability and patient-centered
focus, require focused attention. In this context, healthcare organisations, such
as hospitals, are aware of the need to manage and improve both their clinical
processes (e.g. care pathways that describe the treatment of a particular medi-
cal condition over time) and their organisational/administrative processes (e.g.
billing processes) 194, 210].

Process execution data are a valuable source of information to support the
management and improvement of healthcare processes [224].

Increasingly, healthcare organisations make intensive use of Health Informa-
tion Systems (HIS), such as the information system of a hospital. During the
execution of a process, several entries are recorded in HIS (e.g. when a patient
has been registered or undergone a clinical examination by a physician). The
entries in the databases of these HISs can be exploited to generate an event log
that describes the sequence of activities that were performed, when they were
performed, by whom, and for whom (e.g. for which specific patient) [305]. As
the event log reflects how a process was performed in reality, it can support clin-
icians, managers of healthcare organisations and other decision-makers with a
wide range of process-related questions. Some examples of these questions are:
how does the process flow of patients with a particular medical complication
differ from other patients? To what extent is the care pathway for a particular
medical condition followed in practice? Where are the bottlenecks in the emer-
gency department processes? How do several clinical experts interact in a care
process?

To answer process-related questions such as those exemplified above, process
mining techniques can be of great value. PM is a set of techniques used in many
domains, including healthcare, to retrieve valuable insights from an event log
[210L [305} |155]. A multitude of PM techniques have been developed in industry
and academia [305, {253, which allow healthcare stakeholders to identify the
actual order of activities in a process [42], to determine the conformity between
an existing model (e.g. regulatory) and reality |80], and to provide insights into
the involvement of resources in a process [305 [75].

Compared to alternative approaches, such as process mapping exercises with

The integration of pre-care and pre-hospitalisation (before) and rehabilitation (after)
is necessary to fully consider the patient pathways. The study of the disease trajectory
is another topic of interest when working on health processes. In these studies, the aim
is to identify the relationships between disease and their progressions over time |139].
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staff members [46], PM takes data about the actual behaviour of a process as a
starting point. In this way, PM can support healthcare institutions in achieving
each of the four goals for healthcare improvement [57] 52, 224]:

e Improving the health population (e.g. by supporting the analysis and
improvement of care pathways).

e Improving the patient experience (e.g. by highlighting how a process can
be streamlined from the patient’s perspective).

e Reducing costs (e.g. by making bottlenecks explicit)

e Improving the work-life balance of healthcare workers (e.g. by improv-
ing the analysis of the involvement and requirements of resources in a
healthcare process).

The main problem, at least as far as the Italian public health system is
concerned, is that many steps are still on paper. The new administrations are
evolving towards an ever wider digitization, but the practice used so far was
different. Therefore, the information systems do not yet contain all the data
of all the activities actually carried out in the process. If this is added to the
fact that care processes can be complex and susceptible to variations due to the
patient’s care needs, it can be concludes that the data contained in information
systems are not yet truly exhaustive and self-sufficient for an optimal use of
process mining techniques.
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Chapter 3

Organisational analysis of
case studies

3.1 Introduction

In order to achieve the objective of the thesis and merge the organisation with
risk management and regulatory compliance, this chapter follows the structure
already announced (see Section . After having shown in the previous chap-
ter some methodologies, instruments, and tools to analyse a company from an
organisational point of view, in the following it is shown how to apply the theory
to some real use cases. In this regard, some hospital services and departments
are used.

This chapter analyses different aspects of the real hospital process and uses
the real database. The results have always been validated in several steps, both
by stakeholders and by simulations.

Following the four phases of the methodology explained in Figure dif-
ferent contexts are analysed (OAD, R@Qdhome, Blood Bank), As-Is models are
created and, after re-engineering, different scenarios are shown in To-Be mod-
els with alternative situations according to the optimisations requested. This
chapter focused on the optimisation of the management of the organisation and
we will mainly use two cases of the HaH service. The Blood Bank use case
is mainly used in the following chapter to show the risk and compliance part
(Phase 3 of Figure [4.1]).

The notions presented in this chapter are the fusion of the many partial
results we have found thanks to the experiments carried out in recent years.
All the models, analyses, simulations, and results explained in this chapter have
already been published in the following articles: |26l [27} [28] |29} [32].
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3.2 Phase 1: the context analysis of the Hospital
at Home

Widespread improvement in socio-economic conditions, primary and secondary
prevention initiatives, and the advancement in diagnostic and therapeutic pos-
sibilities have led to an increase in life expectancy in industrialised countries.
This, combined with a reduction in the birth rate, has led to a progressive in-
crease in the proportion of elderly people, often suffering from multiple chronic
diseases, with a consequent growing burden on the structural and economic sus-
tainability of health services. According to demographic estimates of global and
European ageing, this picture will worsen in the coming decades. The design,
validation and implementation of more flexible and less costly treatment models,
capable of optimising the management of exacerbations of chronic pathologies
and minimising their impact on functional autonomy, increasing disability-free
life expectancy, will became indispensable and urgent 244|298, (160}, [10].

The average age of the population in Western societies has increased in recent
years and the incidence of the elderly is still rising. In public health services this
is associated with a higher prevalence of chronic, often disabling, as well as a
progressive extension of life expectancy in conditions of chronicity and disability
(so-called frail patients) |202]. The degree of frailty is very high and so is the
risk that even trivial factors may trigger cascading. Health policies must avoid
that frail people fall into a long-term hospitalisation, which would imply strong
functional losses and serious psycho-physical disturbances linked to the removal
from their usual living context. Among these patients, hospitalisation often
involves delirium, nosocomial infections, pressure sores and falls. [300, 206,
138].

Already in 2005, the Italian Ministry of Health in an urgent report stressed
the need “to identify an organisational model for the management of the chronic
rehabilitation phase using not only dedicated facilities but also alternative struc-
tures such as home hospitalisation and integrated home care" [138].

The hospitalisation at home [62] is increasingly a matter of interest, leading
to fewer number of First Aid visitors compared to patients hospitalised in the
hospital, with a reduction of costs [300].

These models of care are a “bridge” between the hospital and the territory,
two pillars of public health that have the task of implementing the care process
together [219]. These innovative models also represent a challenge because, in
addition to meeting specific requirements in terms of appropriateness, effective-
ness, efficiency and safety, they have to fit into a political and economic context
in order to represent relevant changes.

In Turin, HaH is based on the OAD department. The OAD is an active
service since 1985, thanks to the pressure of the San Giovanni Battista hospital
(Department of Geriatrics and Metabolic Diseases Bons) [12, 206].

It has provided to be a viable alternative to the hospital for a whole range
of recurrent acute and chronic diseases, such as uncomplicated ischemic stroke,
congestive heart failure, obstructive congestive heart failure, onco-hematological
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pathology with high fabsisno transfusion, dementia and behavioral disorder.

Since March 16, 2010, the Piedmont Regional Council has issued resolution
no. 85—1358@ which defines the Hospital at Home as a form of paediatric health
care, which provides for the organisation of the type of pressure that the home
recetves the pathology in the acute phase, but not necessary for attraction to
high technological complezity, intensive/invasive monitoring, as an alternative
to paediatric recovery. As mentioned (see Section, it 1s characterised by the
entire take over of the patient’s clinical type by the hospital from a pedestrian
facility structure, and operates personal health expressions formatted and docu-
mented in the patient’s experience being in the acute phase, but in the immediate
tract. The definition is in line with the degree of stability of the scientific liter-
ature, which identifies homeless-ness as the modality of attraction towards the
pedagogical structure, in consideration of specific evaluations, followed by per-
sonnel, direct or indirect necessary with particular complexity, to enrich a care
process of the outpatient department [278].

In addition, Regional Resolution established a specific remuneration for
clinic-assistive activities: Euro 165 per day for pathologies of the respiratory
system, cardiovascular system, blood vessels and hematopoietic organs, both
oncological and Euro 145 for the other diseases |206].

It is important to underline that the OAD service is possible thanks to the
support and constant evolution of advanced technological innovation in care
[187, 1301}, 293|. In particular, it was initially possible thanks to the existence of
the R@Qdhome service. R@adhome consists of a home radiography service. The
service is really requested by geriatric patients in the OAD. Without a home x-
ray service, to hospitalise a geriatric patient at home with the need for frequent
trips to the hospital would have made no sense from a logistic point of view and
for the hospital’s budget.

The evolution of technology and of the cultural context has also made it
possible transport radiographic techniques out of the hospital. Public home and
territorial radiology in Italy was born in Turin in the context of the current City
of Health in 2007. Radiology acquired an increasing role in patient management
to work with almost all geriatric pathology without transferring patients to the
hospital [138]. Other Italian regions (e.g. Veneto, Tuscany and Liguria) are
now adopting this type of service, which is already a reality in other European
countries, for example in Sweden, Norway and Denmark [317] with encouraging
results |172] [14].

R@dhome started as an experimental home radiology project in the Pied-
mont Region, as a sub-department of the Radiology Hospital of the City of
Health and Science of Turin, since 2007 [62|. This project represents the first
experience in Italy and one of the first in the world to be implemented in a
public setting and the radiological territorial activities are fully integrated with
ICT through the implementation of a remote system for sending images, in
compliance with current regulations, using broadband [218|.

IDelibera della Giunta della Regione Piemonte del |16 marzo 2010, n. 85-13580, “Attivita
di continuita assistenziale: organizzazione e remunerazione delle attivita di assistenza special-
istica di ospedalizzazione domiciliare". http://www.cittadellasalute.to.ith
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The Piedmont Region’s Socio-Health and Territorial Assistance Plans from
2007 to 2016 affirms the need for technological and social research in the field
of ageing and ICT |218].

The R@dhome research group pointed out that performing x-rays at the
patient’s home has a “protective” effect against the behavioural disorders and /or
pain and, therefore, indirectly contributes to an improvement in the quality of
life of patients; the clinical-diagnostic quality of the radiograms performed at
home is certainly comparable to that of the hospital examinations and the risk
of exposure is contained for both operators and population; costs are lower;
patient satisfaction is very high and; the patient-professional relationship is
greatly enhanced, with great benefit and satisfaction for both parties [138|.

Finally, among the various services provided by the OAD are blood tests
and transfusions. Test tubes are processed by the Blood Bank and procedures
are subject to strict regulatory discipline.

3.2.1 OAD service

The organisational modelling effort includes a resources analysis. The service
is available every day from 8 a.m. to 8 p.m. In the case of night emergencies,
patients are referred to the Regional Emergency Service, with which they have
a specific memorandum of understanding [206} (12} 300]. This is an integrated
care service, so the team is multidisciplinary and includes:

e 4 geriatric physician

e 2 geriatric graduates students

e 14 nurses (including one nursing coordinator and one case manager)
e 1 counselor

e 1 social worker

e 4 part-time physiotherapists.

Patients are visited daily, either by a physician and a nurse together or by at
least one nurse. For the individual patient, therapeutic objectives are planned
during collective team meetings according to clinical progress, helping to provide
the best possible care for the patient and optimise available resources.

There are 25 patients on average, and each patient considers what he or
she has recovered in the traditional branch: the paediatric department for le-
gal and financial responsibility, pharmacy, medical and non-medical materials,
technology [12} 206].

Characteristic of the service is the actual hospitalisation (medical and nurs-
ing) of the patient. The fundamental moment is the joint organisation of the
intervention plan for each individual patient by having a constant update. For
each patient there is a Geriatric Clinic Orientation Dossier (medical dossier from
here on) for problems occurring at home. Further on, a nursing dossier (or nurs-
ing folder) is available for quick orientation in case of emergency interventions.
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Other routine activities with home visits, programs based on the patient’s
different clinical and assistive care needs, ensuring the possibility to be part of
the treatment team (physician + nurse), responding quickly (20’-30" min) to
emergency calls and effective complex diagnostic setups:

e Non-pharmacological treatments

Multidimensional geriatric assessment
Planned and urgent medical and nursing visits
Physiotherapy

Evaluation of aids and posture systems
Evaluation of neuro-motor disorders

Specialist advice

Counseling

In addition, there is an information service for families with an online
coursd?]

e Pharmacological procedures and treatments

Blood samples (venous and arterial)

Intravenous therapy (including antibiotics and cytostatics) and man-
agement of oral therapy (including TAO)

Transfusion of blood products
Placement of bladder catheters and SNG

Echo-guided placement of central and peripheral venous catheters
such as Midline and PICC

Paracentesis and thoracentesis

Surgical treatment of decubitus lesions

Positioning of Holter-type instruments (blood pressure, cardiac)
Spirometry

Electrocardiograms

Internal ultrasounds

Echo-color Doppler

Echocardiography

X-ray at home

Telemonitoring

Pathology most commonly treated in OAD:

2The information service is: Conoscenza dei cittadini sui soci sanitary services errogati da
Torino e Provincial
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e Acute heart failure requiring infusion

e Cerebrovasculopathy

e Respiratory diseases (timely supply of oxygen at home is guaranteed)
e Infections requiring multiple daily intravenous antibiotic administration
o Advanced neurological diseases (ALS, multiple sclerosis, ...)

e Serious metabolic disorders

e Oncological diseases

e Haematological diseases with high transfusion requirements.

The service is activated by:

e Family doctor (15% of cases).

e Medical departments of the hospital branch (25% of cases).

e ED of the hospital (60% of cases).

Physicians propose this type of hospitalisation mainly on three occasions:

e When the patient requests this service because he or she already uses it
and the condition of the pathology conforms to this type of admission.

e When the physician is fairly convinced that the patient would benefit
greatly from this type of admission.

e When there are only a few ward beds and some patients could take ad-
vantage of this type of hospitalisation and freeing up beds, especially in
the emergency department.

The evaluation of patients is based on the interaction between the ED team
or ordinary departments team on one side and the case manager of OAD on the
other side. Using this multidimensional geriatric file, the case manager assesses
all patients and their caregivers to analyse the possibility of hospitalising the pa-
tient at home and to provide information on the characteristics and organisation
of the service.

Already from ED an assessment is made with a Multidimensional Evaluation
(MDE). From this initial assessment, a diagnosis, treatment and care pathway
is established that optimises the existing human and material resources, that
is aimed at an outcome considered to be the best possible, that reduces the
number of days of hospitalisation, finding, if necessary, an appropriate solution
of continuity of care. It is already from the moment the patient is taken in
charge that possible problems for future discharges are analysed, such as to
prepare disability claims if necessary, the prevision of aids that may be useful
at home, including applying with an emergency procedure for liquid oxygen.
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The case manager carefully evaluates the family member’s actual availability
through a structured interview. It is important to immediately establish a
relationship of trust, without which it would not be possible to manage a patient
at home in an acute situation.

In this interview, the characteristics of the service, the organisation, the
need for a family member or a trusted person to collaborate with the team are
explained to the patient (if he/she is able to decide) and to the family member.
If there is a good willingness to accept care at home and a caregiver can be
identified, the Hospitalisation Card is given |12, 206].

The criteria for admission to the OAD are:

e Informed consent of the patient and/or family members.
e Domicile in a defined geographical area.

e Residence in the Piedmont Region.

Clinical features requiring hospitalisation but not invasive or intensive
monitoring.

Adequate family and collaborative support, without which it is not possi-
ble to manage the patient in the acute phase.

If the evaluation is positive, the patient, after signing the consent for admis-
sion under the OAD regime, is transferred to his or her home by an ambulance
from the transport service agreed with the hospital.

Medical and nursing care is ensured from 8 a.m to 8 p.m. throughout the
hospitalisation period. Visits may be daily or multi-daily, with the frequency
determined by the patient’s clinical conditions.

If the patient requires instrumental examinations or consultations that can-
not be performed at home, the AOD staff book an ambulance to transfer the
patient to the hospital and back home. All aids, various medical materials and
drugs are brought to the patient’s home during daily visits and are provided by
the hospital [12} [206].

At the end of the treatment period:

e 81.5% of patients are discharged to the family doctor (with or without
activation of local integrated care services).

e 10.5% die during hospitalisation.
e 8% have to be transferred to the hospital to continue their treatment.

Despite the increase in clinical complexity and the burden of care for the
patients in charge, the proportion of patients unable to continue in their homes
has remained constant over the last eight yearﬂ

The geriatric clinical foundation of HaH for some acute diseases and exac-
erbations of chronic diseases comes from:

3Taken as a sample, there were 492 patients followed in OAD in the year 2018. They have
a high average age (84 years), but with a very wide range: 19 to 105 years, with an average
weight of hospitalisation of patients in the acute ward.
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e The minor risk of complications (e.g. mnosocomial infections, delirium,
malnutrition, sleep disorders).

e The importance of the treatment environment, especially for the elderly
frail patient.

e The economic advantage for the National Health Service.

Therefore, both from the personal point of view of the patient and the family,
and from the management point of view, the need to transfer the patient to
the emergency room, and the possible continuation of his or her treatment in a
traditional inpatient setting may be a negative outcome.

3.2.2 R@dhome

R@dhome is a service that provides x-ray at home. It refers to the hospital
x-ray department, but has its own resources and costs.

The human resources are three radiologists plus a radiologist in charge. The
hospital provides them with a car and they provide the radiological examinations
at home to the entire metropolitan city of Turin.

The metropolitan city of Turin is made up of 316 municipalities with a total
of 2,300,000 inhabitants.

In the territory of the metropolitan city there are:

e 88 accredited public and private Social Assistance Residences (RSA).
These are out-of-hospital residential facilities aimed at providing accom-
modation, health and rehabilitation services, protection and rehabilitative
treatment to elderly people in conditions of lack of physical and psychic
non-self-sufficiency, without family support.

e 1600 Family Doctor or General Practitioner (GP) operating and through-
out the Piedmont Region. There are about 25,000 patients in Integrated
Domiciliary Assistance and in the metropolitan city are about 9,000.

R@dhome is a service available to frail people in the metropolitan city of
Turin, both for patient under hospital care but located outside the hospital
walls, and for patient not under hospital care.

e Patient external to the hospital come from:

— RSA
- GP

e Patient in hospital charge but outside of the hospital walls come from:

— OAD

— IRV: hospital ward located elsewhere, for post-acute patients.
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Milano

Figure 3.1: Geographical area covered by R@dhome in 2017.

The actual geographical area covered by the R@dhome radiology technicians
during the year 2017 is shows in Figure [3.1)).

The service is aimed at patients who need x-ray examinations because they
have:

e Advanced degenerative/progressive neurological diseases.

e Advanced and complicated stages of chronic diseases.

e Lung diseases.

e Cardiac, oncological or osteoarticular diseases.

e Results of orthopaedic surgery for trauma or severe osteoarticular diseases.
e Major disabilities with transport difficulties.

e Conditions of non-self-sufficiency, frailty and with existing diseases or out-
comes requiring home care.

The categories included are very narrow. Home diagnostics only make sense
when, from a clinical point of view, examinations are performed for which the
same quality is obtained as if the patient were examined in a residential radi-
ology facility. This consideration has a strong impact on the economic aspect:
R@dhome is only cost effective when the service is provided to the right patient

and in the right setting [106} [138] 218].

3.2.3 Blood Bank

Among the different types of treatments provided at home by the OAD are
transfusions. This is a special treatment, which normally has to take place
in a hospital, under the constant supervision of a physician and under certain
specific procedures established by law. This is because it is a procedure with a
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high risk of error and possible serious damage that can easily lead to the death
of the patient.

For the blood test and subsequent blood supply they turned to the Blood
Bank (BB) of the City of Health Hospital.

The BB supplies blood units, not only to all the departments of the City of
Health, but is at the top of a distribution chain covering the whole Piedmont
Region. In addition, the BB has its own outpatient clinic (the SAUB) for
periodic polytransfusions, such as haemophiliacs and thalassemics.

The BB works 24 hours a day, 7/7 days for an estimated 200 analysed sam-
ples per day for a total of about 90,000 units per year, for a much larger amount
of processed requests. It analyses blood samples with the aim of allocating the
most suitable blood for transfusion purposes.

3.3 Phase 2: As-Is and processes engineering

The As-Is model is a representation of the situation as it is in the present
time. The closer this first representation is to reality, the more realistic and
therefore useful the analysis of the derived data or the suggested improvement
or in general the results obtained can be.

The first step to shaping the situation is to observe it.

The best thing is to spend some time in the company, follow the workers,
talk to them, see actions, time and resources. In short: find out what the real
procedure is.

Many companies have a business procedure written on paper, but normally
it is what the manager has established in the past and with time and experience
the workers have made some changes to avoid some problems. Furthermore,
this step is also useful to find out what the real problems are in production or
at the lower levels of the chain, which often create bottlenecks in next steps,
but of which managers are often not aware.

Engineering a process and creating the As-Is model imply not only modelling
the process but also validating it. Validation is a fundamental step. After
validation, it is possible to take certain actions. Validation in all these use cases
is done by stakeholders and simulations.

The process diagram is integrated with a description of how each activity deal
with a transaction, how long it takes and what resources are needed to perform
it. In addition, it is necessary to specify how transactions are introduced in the
model and how long the simulation should last. The integrated As-is model can
be simulated by means of a design and simulation environment, based on the
iGrafx Process tool [158].

All simulations transactions are based on the hospital’s real databaseq’}

4All databases used are antecedent to the COVID-19 period. During the pandemic, all
procedures and the number of patients changed due to the emergency. Using the data from
the pandemic years would lead to distorted conclusions.
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Figure 3.2: OAD Acceptance process.

3.3.1 Modelling a process

In this section, a model of a fairly simple process is presented: the OAD Accep-
tance. This process has only one human resource: the case manager (CM). She
has to evaluate all the requests and to assess, according to some guidelines, if
the patient has the required characteristics to be taken in charge by this type
of hospitalisation.

Although it seams like a simple process, it is full of qualitative variables, as
well as quantitative once, which make the process really complex.

In any case, as Figure[3.2]shows, the model does not contain many activities.
It is important to always have in mind what the objective of the analysis is. The
objective must be clear during the context analysis. According to the objective,
it is important to understand the level of detail the process should contain.

Looking at the Figure [3:2] the first task of the CM every morning is to
evaluate the numbers of available places (Evaluation n° places available,
which corresponds to the maximum numbers of patients that she could accept
on the day. The task takes about 45 minutes because the CM has to evaluate:

e The number of patients during the day is likely to be released.

e The number of staff available. For example, if we are close to Christmas
or the summer holiday there are fewer staff, so the patients have to be
proportionate.

e How long each patient, whom they already have in charge, being. Some
patients have a pathology that must involve more time than others, for
example, blood transfusions are longer than bandages, which are longer
than giving medicine. The first type of patient occupies two slots, the
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second type of patients occupies one and a half slot, and the third type
occupy only one slot.

This first evaluation involves both types of variables (qualitative and quan-
titative), is based on the CM’s best experience from years of experience, and is
very important because it determines the future workload of all staff involved
in the service.

At the same time, requests can arrive by telephone from the ED as well as
from any other department of the hospital. Requests are made by the doctors’
departments who have made a rapid initial assessment.

The arrival of a request (generator Request HaH) implies a first telephone
evaluation (gateway First evaluation?) by the doctor and the CM (Make pre-
liminary analysis). If there are indeed characteristics that do not conform to
this type of hospitalisation (gateway Evaluation’s result?) the request is imme-
diately rejected (end of the process Rejected). Otherwise, the CM moves to
the ward to evaluate the patient (Move to the Dep/Emergency).

Initially, the CM talks to the requested doctor to assess the clinical condition
(Talk to doctor). All patients are in acute disease, but must not be in a state
of bleeding or at risk of reanimation. Then the CM talks to the patient if he/she
is conscious and capable of understanding (Talk to patient), as well as to the
family and caregiver (Talk to caregiver).

During this meeting the CM explains:

e The characteristics of the service.
e The organisation of the service.

e The need for a person from the family, or someone else, cooperate with
the hospital team.

Already at this stage:

e Evaluation of clinical, functional and cognitive aspects.

e A pathway of diagnosis, treatment and assistance are established to opti-
mise existing human and material resources, which is finalized to a held
the best possible outcome, reducing days of hospitalisation.

e If necessary, a suitable relief solution is evaluated.

e Since the eventual taking in charge of the patient that possible list of
problems is analysed for future discharge.

e Predispose applications for the provision of aids and facilities that may be
useful to the domicile (i.e. it is possible to require in urgency procedure
the liquid oxygen that will be delivered in a few hours to the patient’s
house).
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The access requirements are also evaluated.

Quantitative variables: the patient’s residence in the Piedmont Region, the
patient’s domicile in the geographical area covered by the service (half city of
Turin) and, clinical characteristics to be required for hospitalisation without
invasive or intensive monitoring.

As qualitative variables:

e Signature on the informed consent of the patient and/or the family, im-
plying consent and willingness to access this service.

e Adequate family support.

Through this structured interview of mutual knowledge, the CM carefully
appraises the real availability to accept the cares to house, whether a caregiver
can be identified and, the availability of taking in charge the patient in OAD.

After talking to all the interesting parties, the trial is different depending on
whether the patient came from ED or a hospital department (gateway Where?).

Any bed of the emergency department cannot be occupied for more than
24 hours. Therefore, the evaluation result must be immediately positive or
negative (gateway Result?). If it is negative the request is definitively rejected
(Rejected). Probably, the patient has not the requirement and he/she is trans-
ferred to the traditional department.

If the parties (CM-patient/caregiver /family) agree to this service, a real
contract of collaboration is created for the taken in charge. Moreover, it is
important that this type of collaboration remains as established at the begin-
ning for the whole time of the service. Otherwise, if the caregiver is absent or
the family is exhausted, the patient is immediately transferred to hospital and
admitted within the hospital walls.

Once this agreement has been reached, the CM signs the admission policy
(Sign policy of admission), the emergency department’s physician fill in the
emergency report (Compile emergency report) and then the CM books the
ambulance for transport to the patient’s home (Book ambulance). Finally,
the CM (Fill out the nurse form 4 Pick up informed consent):

Fill out the nurse form asking dates to the patient/caregivers.
e Collects some information about the patient.

e Give to the patient and to his/her family some information about the ser-
vice, including an “Informative Sheet” with information about the service
and the organisation of upcoming tasks.

e Makes to sign and pick up informed consent to the patient, or to the
caregiver if the patient is unable.

If the request came from a classical department of the hospital, the evaluation
result (gateway Result?) might be:
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e Positive: the patient is taken in charge, then the CM books the ambu-
lance, gives and takes various information, fills the nurse’s form and makes
sign the informed consent of the patient, like the previous process (Book
ambulance and Fill out the nurse form + Pick up informed con-
sent).

e Really negative: the CM suggests an alternative route to the patient (gate-
way Make an alternative route?) and the OAD request is definitively
rejected (Rejected).

e Negative but really Suspended: often the family needs time to organise
themselves or to required medical products or it is necessary to talk also to
the "real" caregiver who stays with the patient or to other family members,
so it is a temporary refusal (Suspended), but the CM books another
appointment.

In order to establish this contract of trust and collaboration between the
patients and the hospital, it is essential that the CM talks to the whole family
to narrow contact with the patient (who has to take care and share tasks and
responsibilities) and finally with the caregiver, who may or may not be a relative.
It is necessary that all these people are informed, aware and give consent to the
service, otherwise, there could be serious consequences in terms of cooperation
that could affect the patient’s care.

According to this, it is not uncommon for the CM to have several tours
(on average 1, 2, 3 or at the most 4 in the particular case of each patient) to
the same patient (gateway First evaluation arrow 2° visit). For these secondary
interviews, the CM makes the appointment on a case-by-case basis directly with
the patients. The activities remain the same, but need less time than the first
ones. This second evaluation might exists only in the department (gateway
Where, 2° visit), for the reasons already explained. In all these visits it is
possible to either take in charge of the patient, reject the request or suspend it
for another visit and the process can be repeated until the patient is taken in
charge, or the service is refused, or the patient dies or is discharged.

In all cases in which the patient goes home on a different day from the first
request, the CM goes to the patient independently before he/she leaves, in order
to make sure that all information is clear. It implies redoing the three activities
already explained, but in less time.

At the end of this trial with the patient, the CM is back to the office depart-
ment and does the administrative tasks for the newly patients taken in charge.
On the hospital’s computer system, the CM has to make the prescription of
the hospitalisation at home (Make HaH prescription) and the formal taking
in charge in the OAD department (Make taking in charge). Meanwhile, as
soon as the doctors and the nurses arrive, the CM informs them about the new
patients (Transfer of power). At this moment the request is also formally
accepted and the patient is definitively in the workload of the OAD department
(Accepted).
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3.3.2 Simulation and some possible data analysis (quali-
tative and quantitative variables)

After the model is created, it receives its first validation from the OAD staff.
The second validation is done by the simulation results. The simulation results
are always checked by the OAD staff and managers.

But, going deeper into the simulation analysis is of fundamental importance
to underline the premises. To do some general data analysis, some prototype
databases are easily available on the internet. These data are "perfect". It is
possible to choose how big the database is, the type of data, the format, the
database is always complete in all its fields. The real database is normally not
like that, more so if the data are not collected in an automated way.

The analysis and the simulations are based on the real OAD database of the
years 2017 and 201£ﬂ

Table 3.1: Distribution of arrival requests.

R + CM visit | R rej. by phone | Total
2017 468 96 558
2018 516 103 619
Total 994 199 1,198

Table 3.1 reports the number of OAD requests during 2017 and 2018. The
daily arrival of patients’ requests, as in every hospital, does not follow a uniform
distribution. The table divides the number of requests that have wanted at
least one CM visit (R + CM visit) and the number on average of the requests
immediately refused by phone, without a CM visit (R rejected by phone).
The number of requests immediately rejected is an average number because they
do not report these calls in the database. This value was agreed with the Cl\/]ﬂ

The workload of the CM depends not only on the real number or the request
made by the different physicians, but also, as shown in the process (Figure,
on the other case-by-case appointment that the CM autonomously takes with
the patients.

Based on this assumption and by analysing the databases, it is possible to
estimate that the CM workload is increased by 57% by the visits after the first
one, more repeated in Table

Table 3.2: Increasing of the CM’s workload by the seconds visits, in 2017-2018.
Tot.R+CM visits | Tot.CM visits | Diff.(%)
994 1,742 13%

5These analysis and results have been published in [29].

6The transactions that start the process simulation comes from the generator. The gen-
erator can be set or can be loaded from a file. In this case, to estimate the real workload of
the CM, it is interesting to set the generator in a way that generates a random call in a fixed
interval.
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Table [3.2] considers the sum (Total) of the column R + CM visit of Table
[3-1] comparing the results of the CM database of the OAD.

The increasing of the workload of the CM (almost 50%) shows how much
balancing all these variables, above the qualitative ones, increases the workload.
This is made with the aim of creating a clear collaboration, stable over time,
which will lead to advantages in the workload of the team going home and in
the patient’s card’]

102017
12017

Figure 3.3: Patients taken in charge by the OAD in 2017 and 2018 in different
months.

g

In addition, Figure describes how the CM’s workload changed on a
monthly basis in the two years examined. For example, in January or autumn,
there were some peaks, mostly related to flu periods. In contrast, around (Ital-
ian) festivity days (i.e. April 2017) there were fewer requests, perhaps because
people are less willing to travel from the city.

Another interesting analysis concerns the comparison of the CM’s workload
derived from the ED and the other departments of the hospital. This analysis
is shown in Figure [3:4]

100 —DEP
ED

®

8

2018
2018

052017

12017
12018
102018

o5
o5

Figure 3.4: OAD CM'’s worlkoad in 2017 and 2018 from Hospital Departments
(DEP) and Emergency Department (ED).

It is notable the difference as the requests by the ED imply only one visit, a

7According to Article 4 of Code of Ethics for Nurses: in acting professionally, the Nurse
establishes a relationship of care, also using listening and dialogue. It guarantees that the
assisted person is never left in abandonment involving, with the consent of the interested party,
his or her reference figures, as well as other professional and institutional figures. Relationship
time is treatment time.
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quicker decision and two more documents for each patient. The request provided
by the different departments, in addition to the fact that the departments are
more than one, there is some more time and the visits are frequently more than
one.

It is also possible to calculate the average daily arrival of patients, which is
about 3.5 with a standard deviation of about 2. Interestingly, the distribution
varies across days with a peak in the first part of the week. Table describes
the average value of the patients the modal value and the standard deviation
for each day considering the period between 2017 and 2018.

Table 3.3: Daily distribution of the CM’s workload: average (Avg), modal value

(Mode) and standard deviation (StDev).

Mon | Tue | Wed | Thu | Fri
Avg 4.05 | 4.05 | 4.09 | 3.35 | 2.56

Mode | 4.00 | 4.00 | 3.00 | 3.00 | 2.00

StDev | 2.04 | 2.04 | 2.03 1.72 | 1.62

The output of the CM evaluation directly affects the workload of the OAD
department: physicians and nurses who have to go to the homes of different
patients day after day.

The OAD staff deals with about 25 patients per day, and on average 500
patients per year.

Figure 3.5: Patients taken in charge in the OAD in 2017 and 2018, by Hospital
Departments (DEP) and Emergency Department (ED).

Figure 3.5] shows the requests accepted, i.e. the patients taken in charge
in 2017 and 2018, by the Hospital Departments (DEP) and the Emergency De-
partment (ED). Curiously, the requests accepted by the Emergency Department
follow a similar trend of the requests provided. This is because, if possible, it is
preferred to free up a bed in the ED rather than simply moving the patient to
another bed in a traditional department.

In addition, in order to ensure an adequate workload for the team and an
adequate level of care, the number of patients in charge each day must be
balanced with patients leaving the service, according to the first evaluation
activity explained in Figure (Evaluate n° place available).
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Table 3.4: Details of accepted and rejected requests in 2017 and 2018.

2017 | 2018
Patients taken in charge 468 489
Patient rejected from DEP 10 22
Patient rejected from ED 2 5
Request rejected by phone 96 103

Table [3:4] describes the number of patients taken in charge over two years.
The fact that very few patients are refuses is also due to adequate information
and collaboration between ED-DEP doctors and OAD staff.

3.3.3 Processes and sub-processes

If we think about an enterprise, it is easy to see that there is unlikely to be
one process that handles everything. It is more likely that there is one large
high-level process, made up of many more or less small sub-processes. These
sub-processes impact each other in a way or another, on shared resources, or
time, or costs, or more than one variable together.

This section presents R@Qdhome and shows all the parts that make up the
service.

Figure [3.6] represents the main high-level process.

The activity boxes with a + at the bottom are those containing a sub-process.

Even more, this process has two generators. It means that there are two
processes that start in the morning and run in parallel during the day. It is easy
to imagine that in a company, there might be several departments (production,
management, call centre, etc.), which start together in the morning, interact
with each other, maybe influence each other, but each one with its proper se-
quence of activities to do. This is the meaning of the different generators.

The service opens at 9:00 a.m. (Start). At the beginning, the staff checks if
any requests have arrived (Check requests). At any time of the day, prescrip-
tions can arrive. They are stored on voice mail, on the mail address and into
the Hospital Information System (HIS).

The arrival methodology depends on the source of the requestor (gateway
Request type?). Internal requests are generated by the internist on HIS and
are related to patients already in hospital charge, therefore they only need the
technical evaluation done by the radiologist (Technical evaluation). He/she
assess the planned visit and some technical aspects. External requests are made
by the general practitioner external to the hospital on an online format (because
they do not have direct access to the HIS) and are related to patients not
already in charge of the hospital. For this reason, they need a medical radiologist
evaluation (waiting for time Medical radiologist evaluation) before the technical
once (Technical evaluation). If the request is approved (gateway Approved
request?) the staff uploads it into the HIS and the taken in load (Upload
in HIS + take in charge), otherwise, they propose an alternative route to
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Figure 3.6: Process of home examinations.

the patient and eventually make calls to re-book the patient for the right visit
(Create alternative run).

All requests accepted on one day will be fulfilled in the next day workflow,

unless otherwise indicated. From the arrival of the request, the staff takes on
average 24-72 hours to visit the patient.

At about 9:30 a.m. (Tour) the staff organises the examinations path of the

day (Schedule path). If there are no particular problems (gateway Issues?)
the tour is organised and done by two technician radiologists (Organize path

with 2 tech + 1 car).

Otherwise, there could be two types of problems

(gateway Issues type?):

e An additional radiologists is required (Organize path with 3 tech + 1
car), e.g. in the case of an overweight patient, or if the patient lives in a
house without a lift, or where there are known architectural barriers.

e An additional car is needed (Organize path with 3 tech + 2 cars),
e.g. if there is a heavy workload in a some different settings. In this case,
they have to book one more hospital’s car and one additional technician
goes to deliver the documents, while the other two do the normal visiting
paths.
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The department only has one car, so in the latter case they have to book a
hospital car and they have to go to pick it up in the hospital car park with their
car and drive back (Going to take 2° car to Main Hospital).

When the team is ready they can load the equipment into the car (Load
equipment) and leave the base (Go to the task site). They can have two
different destinations (gateway Where?): the main hospital to pick up or drop
off patient documentation (Manage docs) (see process detail in Figure[3.7)) or
the patient site. In this case, staff can make an examination (Make exam) or
a site inspection (Make inspection), for example, to prepare a specific room
in an RSA (see detail in Figure [3.8])).

At the end of the exam, if there are other patients to visit (gateway Other
step? they go to the next patient’s house (Go to the task site) and repeat the
process; otherwise, they return to the office. On the way one technician drive
the car, meanwhile the other one tries to upload the x-ray images into the HIS
(Back to office 4+ upload data in HIS).

When they arrive at the office, if the data are not all uploaded to the HIS
(gateway Data uploaded?), they finish doing it (Upload data in HIS). At the
end of this, they call the medical radiologist (Call medical radiologist), who
is in the main hospital, to let him know that he can start the report.

The delivery or collection of clinical documents or medical reports in the
main hospital (as shown in Figur (Manage docs), contains within it an-
other sub-process, shown in the Figurd3.7]

[ Delivery |
D, documents to
|_Main Hospital

Clinical review x No

soon?
J' Yes
| 25

s

Wait clinical 7

Manage docs

review I
GP X RSA

l Patient origin

 Attach all doc
+ leave at Delivery doc
hospital's to RSA
 secretariat . )
e *’7

=x <
L

Figure 3.7: Process of delivering or collecting clinical documents or medical
reports in the main hospital.

In some particular cases, in order to make the medical report, it is necessary
to have some historical patient documentation. In this case, when the techni-
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cians goes to do the x-ray they also collect these documents and deliver them to
the main hospital (Delivery documents to Main Hospital). If it is not pos-
sible to do the clinical review (gateway Clinical review soon?), maybe because
the medical radiologist is not there or is too busy, they leave the documents
and go back to their office department or to visit some patient, otherwise, they
wait for the clinical review (time delay Wait clinical review). When ready, if
(gateway Patient origin) the patient came from the GP, they collect all the doc-
uments together and leave them at the hospital’s secretariat (Attach all doc
+ leave at hospital’s secretariat) because the collection of the documents is
the patient’s responsibility. If the patient came from an RSA they have to take
the examination report and deliver it to the patient’s home, the RSA (Delivery
doc to RSA).

As mentioned, there are two requests typologies: internal and external (see
Figure 3.8)).

The internals are for patients already in charge of the hospital: from IRV
and OAD.

e IRV is a hospital department, so when the technicians arrive, they have
to go to the right floor, talk to the nurses, take some documents if necess-
sary, find the patient’s bed (Find a patient’s bed) and make the x-ray
exam (Make exam). Then, if there are other patients (gateway Other
patients?), go to make the other exams, otherwise, leave.

e OAD patients are physically in their own house, so when the technicians
arrive the first thing is to analyse whether the exam is possible (e.g. there
is electricity available to connect the x-ray machines). If the exam is
available (gateway Awvailable?) they assemble the x-ray machine and other
equipment (Assemble equipment), talk to the patient and the caregiver
(if any) to give and take some information regarding the exam or previous
important medical information (Talk to patient), do the x-ray exam
(Make exam) and, at the end, disassemble the equipment (Disassemble
equipment) and leave, giving the last information to the patient (Taking
leave).

The externals are for patients not in charge of the hospital: from RSA and

GP.

e RSA patients are often on their bed (gateway Patient location) and the
process is similar to IRV. Rarely, patients are able to move, alone or
with help, in this case, a room can be prepared ad hoc, after a previous
inspection in previous days. In these cases, they can collect all the patients
in this room, assemble the equipment only once, do all the exams, one by
one, and disassemble the equipment once at the end. The technician will
return to deliver the reports (Figure .

e For GP patients the examination process is almost the same as the OAD.
The peculiarity is that they get signed informed consent (Get sign in-
formed consent) (patients who are already in charge in the hospital or in
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Figure 3.8: Typology of the arrival requests for x-ray examinations.

another facility have signed this document at the time of admission) and
before taking leave, they provide all the information for the medical report
withdrawal (Provide info for medical report withdrawal + taking leave), ),
which is the responsibility of the patient to collect from the hospital.

For both RSA and GP patients it may be the case that technicians hand
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over to the radiologist in the hospital some previous historical documents useful
for the radiological medical report (Delivery doc to Main Hospital/Home)

(according to Figure [3.7).

3.3.4 Simulation and some possible data analysis: details
of sub-processes
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Figure 3.9: R@Qdhome workload in the year 2018.

The R@Qdhome workload comprises approximately 670 requests handled dur-
ing the year 2018. Figure shows the accepted (ACC) and rejected (RIF)
requests arrived at the department and divided by month.

The sum of the two constitutes the first generator of the simulation (Start)
(see Figur, while the line ACC corresponds to the output Accepted and
the line RIF corresponds to the output Discharged of the process. The only
accepted requests correspond to the patients actually visited (transactions that
enter the sub-process shown in Figure . These transactions are then divided
into two main groups: Internal requests (already in charge by the hospital)
and External requests (not in charge by the hospital), divided into two further
sub-groups each: OAD - IRV as Internal; RSA - GP as External.

The results of the real workload analysis carried out throughout the year
are:

e Internal: 81% of all requests accepted.

— OAD: 24% of all accepted requests and 30% of internal requests.
— IRV: 57% of all requests accepted and 70% of internal requests.

e External: 19% of all requests accepted.
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— GP: 17% of all requests accepted and 90% of external requests.
— RSA: 2% of all requests accepted and 10% of external requests.
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Figure 3.10: Categorisation of the arrival requests of an x-ray examination.

In detail, Figure [3.10] shows the number of patients visited by the R@dhome
technicians, in OAD, GP, IRV and RSA, divided by mouths, throughout the
year.

As shown in Figure [3.8 each of the four routes has different tasks and, some
tasks that are the same may involve a different time interval depending on the
working environment.

The following figures show the number and the type of exams performed
during the year for respectively: OAD (Figure , GP (Figure , IRV
(Figure [3.13) and RSA (Figure [3.14).

The most commonly requested x-ray examination is of the thorax (TORACE).

Moreover, the radiographic examination implies a different time interval de-
pending on the body part to be examined. On average, , examinations are
grouped into 4 macro sets according to an estimated time interval, as described
in Table 3.5

Observations can be made, for example, although the thoracic x-ray exam
is the most required, it is also the one that takes the least time to be performed
on average.

The analysis focuses on working time as a Key Performance Indicator. Table
summarises the main results for the relevant monitoring metrics introduced
to measure process operation. Working time is defined as the period of time
an operator spends on paid work. The average waiting time for acceptance and
discharge processes is 36 and 25 minutes respectively. Furthermore, the most
relevant activities in these simulation results are the handling of requests for
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Figure 3.11: Typology of arrival requests of an x-ray exam from OAD.
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Figure 3.12: Typology of arrival requests of an x-ray exam from GP.

both OADs and RSAs. This output was carefully examined and evaluated by
the operators and management staff, providing a good test for the validation of
the simulation model.

Model validations and simulations should more or less give a clear picture
of the situation of the enterprise. These analyses should provide an idea of the
business context: what is the corporate spirit, the objectives, the principles of
the company, but also the existing problems, the budget and the human and
instrumental resources available. This initial data is already good information
for management. Especially in large companies, this analysis can be useful to
bring to the managerial attention problems that exist at the initial levels of the
production chain and that could then create a cascade effect in the subsequent
stages, perhaps creating problems or damage or generating greater risks.
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Figure 3.13: Typology of arrival requests of an x-ray exam from IRV.
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Figure 3.14: Typology of arrival requests of an x-ray exam from RSA.

3.4 Phases 3 and 4 : To-Be and process re-engineering

The previous phases are very important, even more so, if the goal of the work
is not just an analysis of the data itself, but to provide some suggestions for
optimising a real enterprise. It is easy to imagine that not all the improve-
ments could fit all enterprises, a a perfect solution for one case is not sure to
be available or desirable for all. An immediate example concerns the budget,
certainly not all companies have the same budget and resources The context of
the company should not be underestimated either. The pure economic aspect is
not the only factor for better optimisation. It is very important to understand
the company’s objectives, values and principles. The healthcare use case is a
perfect example. Although the economic aspect is fundamental, the quality of
the service, therefore, of the care, should not be underestimated. Optimising
processes like an assembly line, trying to get as many patients through as quickly
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Table 3.5: Average times used for each macro set examination.

Body Parts Average time
for exam
Thorax 5 - 10 min
Arts and Ends 10 - 15 min
Trunk, Rachis, Spine segment 15 - 20 min
Hip and Pelvis 15 - 25 min
Whole spine 35 - 45 min

Table 3.6: Results of working time as a KPI.

Monitor Average working time | Count
Accepted 36.24 7
Discharged 25.21 3
DOCrequests 69.26 20
IRVrequests 132.27 16
OADrequests 187.17 15
RSArequests 167.83 3
GPrequests 122.01 1

as possible, would not be optimal for the hospital. Leaving aside the fact that,
for example, a manufacturing company is different from a service company. The
latter always has to take into account the fact that working with the public will
always have a human factor that might impact in some way. For example, a
delay could create a queue. Furthermore, in this use case, the hospital’s objec-
tive is not to get as many patients through as possible, but to treat as many
patients as possible. Therefore, dedicating more time to the actual patients is
not necessarily a waste of time. On the contrary, it could mean that once the
patient is discharged, he or she is no longer back. Conversely, a dissatisfied or
sick patient may return to the hospital or make emergency calls. This would
mean using double resources for a single patient.

In conclusion, the analyses of the two previous phases are of fundamen-
tal importance to propose the To-Be re-engineering scenarios that are not just
generally optimised, but are the most balanced and suitable possible for the
analysed company.

In this section are showing some improvements of the process of OAD visits.
It is explained how to move from an As-Is model to a To-Be model. The
context analysis and the As-Is model are exposed to understand the needs;
then, according to them, some possible optimisations are proposed.

3.4.1 From As-Is...

The OAD service is made by the patient’s acceptance process (shown in Section
B:31] and the tour visits process. According to Figure [3.2] after the taking
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in charge, there is the transfer of power. The CM provides OAD staff with
the information about the new patients and they definitively enter in the daily
workload of the OAD.

All patients receive home visits every morning. Some patients, with special

conditions (poly-transfused or antibiotic therapy), may also receive an afternoon
visit.

Update medical
assessment

(5.7) morning_shift (5. afternoon_shift

—

Team type

X

N
Manage dossiers
+test tube
1]

end_shift

Organize Receive
tour visits handover

=
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@
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8 hospital
Team
type
another patient?
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another patient?
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Figure 3.15: Business process model of the OAD tour visits.

At full workload, there are 7 nurses and 4 physicians in the morning, and 2
nurses and 1 physician in the afternoon. The staff is then divided into teams to
carry out visits tours. The teams are composed as follows:

e Morning, 6 team:

— 4 team: 1 physician (or 1 grad student) + 1 nurse
— 2 team: 1 nurse

e Afternoon, 2 team:

— 1 team: 1 physician + 1 nurse

— 1 team: 1 nurse

Each team visits about 4 patients.

As shown in Figure [3.15]), in the morning, all physicians and nurses to-
gether organise the tour visits (Organize tour visits). This activity consists
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in analysing all the patients’ situations according to four impact factors: medical
and nursing complexity care, condition of the caregiver and geographical loca-
tion of the house’s patient. This allows to divide the whole amount of patients
into balanced groups in the sense of time to spend in visits and time to go from
one to the other. Each group of patients is assigned to a staff team (gateway
Team type? composed by one physician + one nurse Organize team PN or
made by only one nurse Organize team N). After that, each nurse prepares
the medical equipment for each patient assigned (Prepare equipment). On
average at 9:00-9:30 a.m. each team takes an hospital car and leaves for its ride.

Once they arrived at the patient’s home (Move to home patient), they
carry out the visit.

According to the goal of the work, the model of the process could have more
of less details.

In this first phase all the activities carried out at the patient’s home are
grouped together in one activity called Patient visit. It should be noted that
for the same type of staff team the activities performed are multiple and different
but similar in terms of type, time and responsibility.

Once the first visit is finished, the team heads to the second patient’s house.
The cycle resumes until the assigned patients are finished (gateway Another
patient?); only then the team will be back to the hospital (Back to hospital).

The teams return to the ward more or less at the same time: around 12:30-
13:30 p.m. In the hospital department both physicians and nurses have to com-
plete some “administrative" tasks (Update medical assessment and Manage
dossiers + test tube). The duties are different and specific to each of the two
professional categories, including responsibility.

Here is the first big problem to be solve:

e For nurses: each one has to update 3 folders. The folders are on paper.
They have to take paper notes in the patient’s house and then report them
on the official dossiers. Besides the risks of reporting errors and of privacy,
there is a problem with the waiting queue. If the folders are on paper and
the nurses are six at once, only one at a time can write.

e For physicians: there is the same problem of the waiting queue. They
have to report the information in the HIS but there is only one computer.

In the meanwhile, at 12:30 p.m., the afternoon shift staff arrive at the depart-
ment. All the present staffs do the handover: the morning staff tell the different
patient’s situation, one by one; and the afternoon staff receive the information
(Receive handover) useful for organising the future work. Subsequently, they
Organize tour visits, they decide the team composition, the nurse Prepare
equipment, and the tour visit begins. All the activities are the same already
explained in the morning, sometimes with some difference in terms of time.

The handover is mostly by voice.
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Simulation and data analysis: monitors and creation of a complex
generator

In this process there are two generators of events. The first one creates the
morning transactions, while the second one generates the afternoon transactions.
Both the generators are based on an input Excel file.

Figure [3.16] shows the first few lines of the Excel file.

A B = D E B G H | J K L M N
1 Team N_patient  Shift T 1 T2 vz T3 3 T4 Tva TS V5 TR
2| PN 3 o 20 45 7 46 4 70 = = = = 13
3| PN 4 o 21 33 24 31 14 23 13 27 = = 15

Figure 3.16: Workload specifications. An example of the spreadsheet file used
to generate the simulation.

Each line of the file represents all the team’s visits:
e Team: indicates the team type N, PN.
e N patient: the number of visits of the team on that shift.

e shift: indicates the shift of the team and is a useful flag for deciding the
simulation flow in front of a gateway and for setting some customisation
on the task’s duration.

e TT: duration of the transfer to a patient’s house.
e TV: duration of a given visit in a patient’s house.
e TR: duration in minutes of the travel back to the hospital department.

Teams can visit between 3 and 5 patients. Therefore, the first team has only
three patients to visit, so only the first three travel times and visit times are
complete. Equally, the second team has four patients, so the last two columns
are free. This is the reason for some empty cells. The number of patients is
proportionate to the time available. If there are fewer patients assigned it is
because they are geographically further away or because they require more time
for treatment.

The software is similar to Colored Petri Network, so each transaction can
be distinguished from the others easily by looking at transaction values like the
transaction ID.

In the process, two matrices are used to store, transfer and visit times from
Excel files (scenario attributes). A row of the matrix corresponds to a trans-
action; each row contains the whole team tour. Once created, all transactions
are collected in a batch (from n to 1 transactions). Subsequently, the single
transaction will disjoint at the level of team creation.

The simulator tool, iGrafx, allows to model the process in BPMN standard
language, but it is also possible to add other instruments, such as monitors.
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Table 3.7: Activity statistics (Minutes) As-Is.

Activity Statistics (Minutes)

AvgCycle | AvgWork | AvgWait
Docs 52.58 30.00 22.58
Update medical assessment 60.96 30.00 30.96
Manage dossiers and test tubes 52.58 30.00 22.58

Table 3.8: Resource statistics (hours) As-Is.

TavgUtil
Pm_ Nurse 85.76
Pm_Physician 86.22
Am_ Nurse 65.94
Am Physician 59.05

During the process simulation, some monitors are introduced to detect the team
activities. Simulation results are shown in Table Table (3.8 and Table 3.9

In Table each activity (sub-process Docs, Update medical assessment
and Manage dossier and test tubes) includes the average cycle time employed
by the task (AvgCycle), the average working time (AvgWork) and the average
waiting time (AvgWait).

It is significant to note that cycle time is divided almost in halfway between
the actual working time and the waiting time in these particular activities.

Table shows the average utilisation time (TavgUtil) for the whole week
(cycle time of simulation) for each type of resource: physician and nurse, both
morning and afternoon shifts.

Table shows the statistics in the cycle time. For both the morning
shift (PmShift) and the afternoon shift (AmShift) is described the average
time of the cycle (AvgCycle), the standard deviation (StdevCycle), the av-
erage of real working time (AvgWork), the maximum recorded waiting time

Table 3.9: Monitor statistics (minutes) As-Is.

Monitor Statistics (Minutes)

AvgCycle | StdevCycle | AvgWork | MaxWait | AvgWait

AmShift 367.36 30.81 337.05 86.02 30.31

PmShift 385.92 7.38 385.90 0.02 0.02
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(MaxWait) and the average waiting time (AvgWait). Similar relevant obser-
vations about the waiting time are to be made on the data of Table

Based on the results obtained, it can be seen that the main bottleneck is
created by the updating of documentation when doctors and nurses return from
their visits. In fact, this corresponds to one of the problems expressed by the
staff. There is a large amount of waiting time that could be used in a better
and more optimised way.

3.4.2 Phase 3: Analysis and choice of technologies

The problems arising from the last considerations of the previous section are
logistical. The right technologies could be the solution to the problem. First
of all, is important to choose the appropriate technology. When choosing it
is crucial to consider not only the problem, but also the social and economic
context of the company (for example, there are almost always limited funds
available).

In order to propose an improvement, two different technologies are analysed:
a digital platform for support the logistic and a telemedicine device.

The Digital Platform. A first solution is a prototype digital platform
designed for physicians and nurses. The application takes into consideration
the main pain-point and users’ needs, specifically regarding the management
and the logistical planning of the OAD.

The prototype digital platform, named GoCare, consists of software that
enables medical staff to monitor the status of patients, schedule the home visit
calendar, manage logistics and medical teams. The dashboard also allows the
OAD staff (during the visit and back in the hospital) to update and share
information helpful to manage the day-by-day visit reschedule. Moreover, the
collected data allows health professionals to evaluate the OAD workload and its
capacity to accept new patients.

The telemedicine, telemonitoring, and the analysis of behavioral
habits suite, developed by Ticuro Reply (TM). The application enables the
process of guaranteeing the management and continuity of care, by using inte-
grated medical devices with real-time data monitoring capabilities. The suite
also includes a secure channel that allows performing Televisit and Teleconsul-
tation sessions, ensuring secure connections between patients and professional
users or amongst professionals. The collected data and the possibility of remote
and continuous assistance, allow health professionals to establish an interactive
relationship with patients and their caregivers, providing them with personalised
treatment paths, from anywhere.

e The GoCare Platform. GoCare is a prototype platform developed
by Experientia. It is a management tool that helps doctors and nurses
optimise the organisation and logistics task management. The platform
provides medical staff with a visual and interactive dashboard (shown in
Figure to organise and manage the patient’s assignment, grouping
them into different visiting teams and time slots according to the impact

85



B Calendario visite a i

< > 25Aprile 2020 o:

E isit (+) 800 9:00 10:00 1:00 12:00 13:00 14:00 15:00 -0 . -

[HRDUED £ 3 B A | Aggiornamenti ultime 24h Legi tutto
’ o -

é Dr. Cairo Luca

PA" Pirlo Alessandro

C ; Einauri Ludovico PA  pirlo Alessandro

Nuovi aggiornamento nel Diario
Einauri Alessio

‘? Brambilla Francesca
Cattaneo Vala

GG GalloGiuseppe

c ) L
*“\Dr.CapnuloLeona... MA  Marinoli Alessia
e Piruddo Alessia Fanucci Genoveffa -
oS
. ddam
MA  Milani Assunta o O
nonumy eirmod tempor invidunt ut labore et dolore magna
aliquyam erat, sed diam voluptua. At vero eos et accusam etjusto
NE  NucciElia duo dolores et ea rebum. Stet clita kasd gubergren, no sea
‘takimata sanctus est Lorem
#lesionidapressionefebbraio2020
Dr. Perla Francesco Pinto Stefano
. " i)
2yy 7 TrottoRamona DE  Delluci Edmondo ) Brunetta Olivia alens
y = : )
EA? CostaF Lorem ipsum dolor sit ame, consetetur sadipscing elitr sed
LEEREE diam nonumy eirmod tempor invidunt ut labore et dolore
magnaaliquyam erat, sed diam voluptua. At vero eos et
. accusam et justo duo dolores et ea rebum. Stet clita kasd.
ML Monaldo Lilla gubergren, no sea takimata sanctus est Lorem
DV DelucaVeneranda
EL  Einauri Ludovico
84 o DanteAtessio GL  GiordanoLivia .
T~ Nuova inserimento in Bisogni
'} Rossi Paolo Benvenuti Cirio J [RrambilEE T st
Rossi Vinicio : :
Tipo materiali Quantita Status
Siringhe Tpace
gAgneumancesca PA  Pitlo Ales
[ .
Tipo esami Quantita Status
Esamedelle..  1pacco
Esamelor.  2pacch

Figure 3.17: Screenshot of an example page of the GoCare platform. This image
shows the team composition and assignment of patients to teams, distributed
over the potential expected working time of the different patients based on the
inserted complexity indices.

of specific indexes. The most relevant features taken into account by the
platform are the medical and nursing complexity care, the condition of
the caregiver and the geographical location of the various patients. Such
indexes are already evaluated manually by the medical staff to schedule
and prepare the visits. As shown in Figure [3.18] it is possible to see on a
map how patients are distributed within the territory, and the dashboard
allows manual changes. Also, the platform provides doctors and nurses
the possibility of accessing the personal patient page, shown in Figure
3.19] Herein it is possible to update all information regarding the patient
trend (including complexity and priority indices), exams to be considered,
supplies and drugs required to be prepared for the next visit, and a sec-
tion to fulfill with notes, useful to analyse and evaluate patient’s status.
The possibility to quickly update this information, as soon as the visit
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Figure 3.18: Screenshot of an example page of the GoCare platform. This
image shows the geolocation of the various patients, the assignment of patients
to teams, and the proposed road hogs.

is complete, allows for time savings and reduction of risk of having stray
information. In conclusion, unlike the current procedure, which consists of
transcribing handwritten notes on paper and then returning them to the
hospital, this platform allows having all information in one single shared
place accessible to all the relevant medical staff.

e The Ticuro Replay Platform. During the hospitalisation period each
group of patient-main caregiver will provided with the necessary tools
of telemedicine via the Ticuro Reply platform ﬂ The kit provided in-
cludes a sphygmomanometer, a pulse oximeter, a balance, a thermometer,
a glucometer, a electrocardiograph, a spirometer (see attached technical
datasheet). At the time of the delivery of the instruments, a specially
trained nurse will give a short training to the primary caregiver and, if
possible, to the patient, explaining how to use the various equipment.
During pre-established time slots, the caregivers should carry out the de-
tection of arterial pressure, peripheral arterial hemoglobin saturation, and
tympanic body temperature twice a day, or once a day concerning body
weight. The glucometer will be used exclusively by healthcare profession-
als in the case of patients requiring capillary blood sugar monitoring and
the electrocardiograph will be used according to the clinical progress of
the patient, always by the health care professional. All the data recorded
by the instruments will be automatically sent, in real-time, to the data col-

8Ticuro Reply platform by Santer, Reply S.p.A., Turin, To, Italy
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