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Abstract

Cardiac Catheterization Laboratories (Cath Labs) are pressured to be efficient in economic and
operational terms. Regularly, in an attempt to improve the efficiency in these units, managers make
decisions without any objective foundation.

This thesis develops a new approach, called MultiSim, that aims to support laboratory management in
the implementation of efficiency improvement measures. MultiSim proposes, through a sociotechnical
approach, combining Discrete Event Simulation (DES) with Multicriteria Decision Analysis (MCDA) in

an integrated format.

The methodology framework starts with the structuring of efficiency challenge in the Cath Lab workflow.
Then, based on the principles of multicriteria analysis, a set of criteria to appraise the efficiency in the
Cath Lab workflow is defined. In a decision conference, improvements in these criteria are assessed by
the Cath Lab team, which also helps create a sense of common purpose among the team members.
The simulation model is then built to evaluate the operational impact of alternative measures in a quick
and costless way. To conclude, within viable measures, MultiSim prioritizes those that best incorporate
the perspective of efficiency of Cath Lab workflow key players who especially valued improvements in
‘Agility between procedures’ and ‘Efficiency of admission process’, in that order of preference. The first
requires a proper allocation of responsibilities among team members and the second, a better pre exam

assessment and hiring of a full-time administrative assistant.

MultiSim has achieved its main objective: align a multidisciplinary team towards a common goal and

advise on future efficiency improvement measures.

Keywords: Improve Efficiency; Cath Lab; Decision Support Model; Multicriteria decision analysis;
Discrete Event Simulation; MultiSim.






Resumo

Os laboratérios de hemodinamica sao pressionados a ser eficientes tanto a nivel econédmico como
operacional. Regularmente, numa tentativa de melhorar a eficiéncia destas unidades, os conselhos de

gestao tomam decisbes sem qualquer tipo de fundamento objetivo.

Esta tese desenvolve uma nova abordagem, denominada de MultiSim, que visa apoiar a gestdo do
laboratério na implementacdo de medidas gerenciais. O MultiSim propde, através de uma abordagem

sociotécnica, a fusdo dos principios da analise multicritério com os da simulagao.

A metodologia comega com a estruturagédo do desafio de eficiéncia no laboratério. Depois, com base
nos principios da analise multicritério, sdo definidos critérios para avaliar a eficiéncia do fluxo de
trabalho no laboratorio. Numa conferéncia de decisdo, melhorias nesses mesmos critérios sao
avaliadas por colaboradores do laboratério, o que cria um sentido de propésito comum dentro da
equipa. Segue-se entdo a simulagdo, construida para avaliar o impacto operacional de medidas
alternativas de forma rapida e a custo zero. Para concluir, das medidas viaveis, o MultiSim prioriza
aquelas que melhor incorporam a perspetiva de eficiéncia de quem trabalha no laboratério, que mostrou
valorizar a “Agilidade entre procedimentos” e a “Eficiéncia do processo de admiss&o”, nesta ordem de
preferéncia. O primeiro exige uma alocacdo adequada de responsabilidades entre os membros da
equipa e, o segundo, uma melhor avaliagao pré-exame e a contratacdo de um assistente administrativo

a tempo inteiro.

O MultiSim alcangou o seu principal objetivo: alinhar uma equipa multidisciplinar em prol de um objetivo

comum e aconselhar sobre futuras medidas de melhoria da eficiéncia.

Palavras-Chave: Melhoria de Eficiéncia; Laboratério de Hemodinamica; Modelo de Apoio a Deciséo;

Analise de Decisao Multicritério; Simulagdo Discreta de Eventos; MultiSim.
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Chapter 1 Introduction

For any organization, service quality and excellence come as a priority, even more in healthcare
sector where the main focus is the provision of health, which is not a physical good. Moreover,
healthcare managers are daily pressured to improve quality and decrease costs hence, every day
they are forced to look for further efficiency gains [1]. These gains usually imply organizational

changes and consequently, decision making.

Though, decision making is something that managers tend to have difficulties to do rationally,
when unaided. However, decisions are often made with base on previous experience or trial and
error methods, using heuristic or intuitive approaches to simplify complexity. The problem is that,
in those cases, important information is many times ignored [2], which is why decision support
tools are so important as they allow a rational and transparent priority setting. However, even in
situations where decisions are made in a coherent way, there is another obstacle: the
implementation of changes. Managerial changes are often met with resistance due to the risks
and uncertainties they are associate with [3] hence, a main concern when improving a healthcare

system should be with gain the confidence of stakeholders and administrative boards.

The current study addresses the aim of Hospital Espirito Santo de Evora (HESE) to improve the
efficiency in its Cardiac Catheterization Laboratory (shortly referred to as Cath Lab) workflow.
Cath Labs are, per se, complex systems characterized by unpredictable stressful days and high
complexity cases [4]. Also, the costs associated with the procedures performed in there are high
which, considering performance-related pay and prospective budgets, increase pressure in these

units to be as productive and efficient as possible.

So, after presented to the problem, the challenge of the study was to develop a solution to support
healthcare managers set priorities. Since the study makes part of a project from the SIEMENS
Healthineers (SH) Enterprise Services (ES) team, the developed methodology should also be in
accordance with their principles. SH ES team is characterized for being disruptive in its
approaches, that look to forward improve and optimize workflows, clinical outcomes and patient
experience, while reducing costs. For SH ES team, it is important to create value beyond the
product and so, the methodology should be developed in a perspective of promoting value-based
healthcare. Adding to this, as this dissertation is being elaborated within the scope of an EIT
Health MSc in Technological Innovation in Health, it aspires to present an innovative and

generalizable solution.

Considering all the aforementioned, we then propose a new approach, called MultiSim, which
aims to support healthcare managers set priorities and improve efficiency in this specific Cath
Lab, and others with similar challenges and concerns. The framework is developed with base in
a sociotechnical approach in order to mitigate the referred barriers to the implementation of

managerial changes. MultiSim suggests the use of simulation, an effective tool to replicate and
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explore possible changes in healthcare sector, combined with Multicriteria Decision Analysis
(MCDA), which allows evaluation and prioritization of improvement measures, in an integrated
format. These two techniques constitute the core of the technical component of the approach,
which will be strongly allied with a social component, which involves stakeholders and workflow

key players in the analysis of processes and in the evaluation of managerial changes.

The methodology framework starts with the structuring of the challenges to efficiency in the Cath
Lab with the support of groupwork sessions and interviews. These first social steps are the pillars
of the model and hence, very important for its success. Once challenges and respective
improvement objectives are defined, MultiSim methods start to be. In this stage, principles from
MCDA and from simulation techniques are applied, in accordance with a number of axioms that
describe transparent choices, including completeness, transitivity, and independence [5]. These
methods are implemented with the support of decision conferencing and smaller meetings, which
ensure decision making is made under an organized and structured way, that considers all and
different pints of view. Then, the last and final step, is the culmination of all and also the innovative
feature of MultiSim. Because, if before one could only prioritize managerial actions without
knowing their operational effects or, in the other side, if before one to see in advance the reaction
of systems against different configurations but could not choose between viable options, with
MultiSim, those problems do not exist anymore. MultiSim allows the construction of a model in
close collaboration with Cath Lab stakeholders and workflow key players that, not only measures
the performance of the system against alternative improvement measures, but that also evaluates
at what extent these improvements add value to the efficiency in the Cath Lab, again, considering

final users points of view.

Regarding the technical component, this simple approach is expected to cover the current needs
and, relatively to the social component, it proved to be of extreme importance by ensuring
engagement with stakeholders since day one and also showing workflow key players that their

opinion matters.

This thesis starts with a contextualization regarding health in Portugal and the relevance of
cardiac diseases on it. This introduction is complemented with a presentation of HESE and its
services, specially the Interventional Cardiology Unit. Then, a literature review of the use of
MCDA, Simulation and moreover, the combination of both in healthcare is presented. From that
point, the methodology framework is described and implemented. Finally, the main aspects of the

approach are discussed, and the key conclusions are summarized.



Chapter 2 Context

2.1 Key challenges in the Portuguese health spending and needs

One of the main challenges of public health units is to guarantee health assistance objectives
with the lowest cost [6]. Thus, an analysis on the national health expenditures was developed
with the aim of understanding the position of Portugal, in an economic perspective, relative to the

other European countries.

By 2018, the current health expenditure increased 5.1% from 2017 in nominal terms and reached
the value of 18 345.1 million euros, corresponding to 9.1% of the Gross Domestic Product (GDP),
as shown in table 1. These values put Portugal in line with the European Union (EU) average of
current expenditure on health in GDP (8.4%) [7]. However, the current health expenditure nominal
rate of change is having a higher increment than the GDP, hence the fundamental problem then
is how to contain the rhythm of growth of health care expenditures, within the intended assistance

and protection objectives in the disease [6].

Table 1 Current health expenditure and GDP (2015-2018) [7].

2015 2016 2017 2018
(Provisory) (Preliminary)

Current health expenditure

Value (10° €) 16 132.2 16853.8 17 456.5 18 345.1
Nominal rate of change (%) 3.3 4.5 3.6 5.1
% of GDP 9.0 9.0 9.0 9.1
Per capita (€) 15575 1630.3 1694.8 1784.8

Though efforts are being made in order to eliminate inefficiencies in National Health System, there
will come a time where opportunities for waste reduction will become exhausted and healthcare
managers will be pressured to deliver quality care while facing rising costs and lower
reimbursements hence, it is important to start looking for further efficiency gains. In that sense,
changes are being implemented such as performance-related pay and prospective budgets,
where the more efficient the public institution is, the more money it gets. These incentive
strategies proved to be effective on promoting efficiency among health institutions, who

increasingly look for alternatives that support them improve their performance [1].



Considering the described economic scenario of health in Portugal, an important next step is to
understand the state of Portuguese population health itself. A study of the Global Burden of
Disease [8] states that in Portugal, circulatory diseases have a major impact in morbidity, disability
and premature death accounting for 15.82% of the burden of disease (measured by disability-
adjusted life years (DALYSs)) in the country in 2017, which is, again, in line with the EU (18.36%
DALY).

Adding to this, also in 2017, Instituto Nacional de Estatistica [9] corroborates the aforementioned
stating that the main causes of death, in Portugal and in the EU, were diseases of the circulatory
system and malignant neoplasms (figure 1). Particularly in Portugal, these two together
represented 54.4% of the deaths, from where 29.4% corresponds to diseases of the circulatory

system.
40,0
=201
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300 2013
250 #2014
20,0 2015
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10,0 . 2017
50
B e .
PT UE-28 PT UE-28 PT UE-28 PT UE-28
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circulatério/Diseases of malignos/Malignant respiratorio/Diseases of
the circulatory system neoplasms the respiratory system

Figure 1 Deaths by some causes of death, Portugal 2011-2017 and EU-28 2011-2015 (% of total)
[9].

Regarding the geographical distribution of the mortality rate of the main cause of death in the
country, by NUTS Ill, data revealed that, during the year of 2017, the frequency of deaths caused
by diseases of the circulatory system, was higher in the districts of Beja, Evora, Portalegre and
Braganca with a rate of 420 to 514 death per 100k habitants [9], as depicted in figure 2. Thus, it
is valid to consider these latter areas as targets when it comes to improve Interventional
Cardiology Units (ICU).



Frequéncias
NUTS Il

511 4 5

50 km

Figure 2 Distribution of the mortality rate of diseases of the circulatory system, by NUTS Ill, 2017
[9].

A study from the Portuguese Society of Cardiology revealed that Alentejo registered 2588.76 of
Percutaneous Coronary Interventions (PCls) per million inhabitants in the year of 2018, putting

this region above all the others as shown in figure 3 [10].
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Figure 3 Records number of PCls per Zone per Million of Inhabitants in 2018 [10].

Taking in account the current global impact of diseases of the circulatory system and focusing on
the national scenario, one cannot help but highlight Alentejo region, as it includes the districts
where the frequency of deaths caused by diseases of the circulatory system is higher and

presents the highest number of PCls per Million of Inhabitants. Despite the impact that circulatory
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diseases have on this region, it only has one Cath Lab, able to perform invasive cardiac
techniques, and it is located in HESE, Evora. This puts HESE in a prominent place regarding the
delivery of cardiac care.

Bearing in mind all the aforesaid, overcoming the daily challenges faced by the Cath Lab, also
common to other labs and, described in the literature and in section 3.3, comes as a priority. The
latter point, allied with the continuous interest of the Coordinator of Interventional Cardiology from
HESE, Prof. Dr. Lino Patricio, in improve healthcare delivery in this region gave rise to the
purpose of the current study: increase efficiency in HESEs’ Cath Lab contributing to the
enhancement of cardiac health in Alentejo.

2.2 Objective

The present study intends to develop methodologies to support Cath Lab managers in the
implementation of managerial actions to improve efficiency in its clinical pathways. With that aim,
the following section contextualizes and characterizes HESE and the Cath Lab, an essential step

to understand what their objectives and main challenges to achieve them are.



Chapter 3 Description of the Entity

This chapter starts by briefly presenting HESE as a Central Hospital of Alentejo and, it is also
given an explanation about the unit in which the Cath Lab is inserted and how it is organized.
Afterwards we describe the characteristics of the pathologies treated in the Cath Lab and the two
procedures used for it and, to conclude, the main challenges faced by a Cath Lab at a daily basis

are listed.

3.1 Hospital do Espirito Santo de Evora

There have been more than 500 years since HESE serves the population from Alentejo, being
under guardianship of the state since April of 1975. The hospital is located in the city of Evora
and its direct area of influence corresponds to the Central Alentejo (NUT Ill), and the indirect area
of influence to the rest of Alentejo, as represented in figure 4. The unit works as Central Hospital
of the region and hence, many valences of regional character are located there, which is the case
of the Cardiology Service the only one performing hemodynamics interventions, around 1000 per

year [11].

A-I;o Alenejo
8352 :

Alentejo
Central
166 802

| Alto Litoral |
. 97895

Baixo
Alentejo

Figure 4 Map of Alentejo with the four municipalities that constitute it, and respective nhumber of

inhabitants [11].

Within the hospital, the unit responsible for such procedures is the Unit of Digital Angiography
and Interventional Cardiology (UDAIC) which was inaugurated in June of 2009, with the mission
of responding to the needs of the population from Alentejo region in several areas [12]. In fact,
statistics say that from 2009 to 2017 the percentage of deaths due to circulatory system diseases
decreased from 39.9% to 29.7% [13], which might be related with the opening of the lab.



Ever since its opening, UDAIC has been in operation 12 hours a day (from 8:00 a.m. to 8:00 p.m.)
on weekdays and, also in permanent prevention regimen since December of 2012, for
emergencies of patients with acute myocardial infarction. In a near future, and attending to the
population needs, HESE will increase its capacity with the inauguration of a new Cath room and

from there UDAIC will count on with two angiographs.

As UDAIC is a multidisciplinary unit, it involves the areas of Interventional Cardiology,
Interventional Nephrology and Vascular Surgery, which are organized according to figure 5. An

important fact to refer is that 80% of UDAIC'’s time is used for interventional cardiology [12].

Implementation of:
-Pacemakers
-Defibrilators

-Cardiac resynchronizers

Pacing Unit

— Interventional Cardiology

Coronary angiography

Cardiac Catheterization
Laboratory (Cath Lab)

Coronary angioplasty

— Review of fistulas

UDAIC — 1 Phlebographies

l— Interventional Nephrology (=

— Arteriographies

Angioplasties of the vascular
— accesses of Hemodialisate
patients

Angiographies of the lower
— Vascular surgery limbs and treatment of
lesions when

Figure 5 UDAIC organizational chart with its constituent areas principal procedures performed in
each of the latter [12].

As the current study is developed in close collaboration with the coordinator of the Interventional
Cardiology Unit, its main focus will be on the Cath Lab, which is mainly dedicated to the

performance of coronary angiographies and angioplasties.

3.2 Pathologies treated in Cath Lab

Heart’s arteries can become blocked or narrowed progressively, as shown in figure 6, from a
buildup cholesterol, cells or other substances (plaques) (American Heart Society 2015). These
plaques decrease the caliber of the arteries and hence, the quantity of blood that reaches the
heart decreases. Such occurrence can cause chest pain when performing efforts (angina

pectoris), shortness of breath or, in some cases, no symptoms are registered. If the blood flow in
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the coronary arteries diminishes drastically it can result in an acute myocardial infarction also

referred as ‘heart attack’ [15] and, in extreme cases, lead to death.

Figure 6 lllustration of the decrease in blood flow in the arteries due to the diminishing of their

caliber. This is caused by plaque formation in their walls [15].

The Cath Lab performs the diagnosis and/or treatment of obstructions of the arteries that irrigate
the heart in a process called Cardiac Catheterization (CC) that allows the examination of the
inside of heart’s blood vessels using a thin hollow tube called Catheter. Therefore, a CC has two

main goals [15]:

1. Diagnostic: diagnosis of coronary disease through an angiography, where one is able to
visualize the vessels using a special type of X-rays called angiograms.
2. Therapeutic: to dilate obstructed arteries, opening arterial blockages, allowing blood to

flow freely to the heart in a process called angioplasty.

These procedures are typically used to evaluate and treat conditions as [16]: coronary artery
disease; hemodynamics in the right and left side of the heart; left ventricular function; cardiac
arrhythmias; valvular heart disease; pericardial and myocardial diseases; congenital heart

diseases; and heart failure.

Regarding the team who performs the procedure, it is usually constitute by an interventional
cardiologist with assistance from radiologic technologists and nurses. Even though these exams
can be executed with minimal or moderate sedation with the help of a local anesthetic, in a case
where deep sedation or general anesthesia is necessary, anesthesia services might be required
[16].

3.2.1 Arterial Access

CC starts with the placement of an ‘introducer’, a tube that is fixed in the artery, through which
the Catheter is introduced. The arterial access is usually made on a femoral artery (located in the

groin) or on a radial artery (on the forearm/wrist).



The radial access was first described in 1989 and since then its use has been increasing in
comparison to the transfemoral access. This increment is due to several advantages such
as: reduced mortality and stroke rate, decreased major bleeding and lessened access site
complications [17]. Adding to this, radial access procedures enhance patient comfort, reduce

post-procedure bed rest and eventually length of hospital stay [16].

3.2.2 Coronary Angiography

After the placement of the indroducer, the angiography is perfomed with the Catheter being
threaded through the blood vessels into the heart. At the same time, a dye visible by X-ray is
injected and a series of X-rays is taken. On the X-ray, one is able to see if there are any narrowed
areas or blockages in the coronary artery. The patient might feel a hot, flushing sensation from
the dye [18].

If, during the angiography, a coronary disease is diagnosed, the physician should decide whether
it is possible to dilate the obstructed artery immediately by performing an angioplasty, or whether
it should be performed posteriorly. In some cases, medication is enough to solve the blockage
[15].

3.2.3 Coronary Angioplasty

If an angioplasty is performed, it can be completed by placing a stent to keep the artery ‘opened’,
and in that case, it can be named as a PCI. A stent is a small metal mesh tube, placed post-

angioplasty, that highly reduces the risk of another blockage [18].

After the treatment is done, the intensity of pain decreases, and symptoms are relieved

immediately.

The patient recovery time will then depend if the CC used a femoral or a radial access. For the
first case, patient should remain laying down without moving the leg that has the introducer until
it is removed, usually less than 6 hours later. These patients are normally admitted (for no longer
than one or two days) and have to stay in rest, at least, until the day after the intervention. If the

CC is made through radial access, patient is able to move earlier and can go home on exam day.

3.2.4 Complications associated to Cardiac Catheterization

CC procedures are relatively safe, presenting a risk of complications minor than 1%, and a risk
of mortality of 0.05% [19]. Although, the complication rate depends on multiple aspects that
include demographics of the patient, vascular anatomy, comorbid conditions, clinical

presentation, the procedure being performed and the experience of the operator [16].
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3.3 Key challenges of the Cath Lab at HESE

Cath Labs are very unpredictable places that deal daily with high pressure situations [4] and, the
Cath Lab under analysis is no exception. The volume and complexity adjacent to the cases that
arrive, the multidisciplinary and magnitude of the team inside the Cath room, the use of advanced
and continuously evolving technologies and, the coordination and precision required to perform
CCs, make Cath Lab a unit hard to manage [20]. Besides all the referred challenges concerning
the management of a Cath Lab, every hemodynamic unit has its own efficiency challenges, which

are more easily detected through approaches to the lab team [21].

Thus, with the aim of addressing the key challenges to efficiency of the Cath Lab at HESE, the
following sections include a literature review about methods used to support healthcare systems
improve their performance. Since the present study has its focus on improving the efficiency in
the Cath Lab workflow, the literature review will mostly concern models used to aid decision
making process regarding the implementation of improvement measures and also models that

help forecast the impact of those measures.
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Chapter 4 Literature Review

A concept that allows to measure the performance of a company is productivity, as it is described
as being the output obtained from a certain input. Strongly allied to this is the term efficiency, that
corresponds to the maximum output attainable from a certain input, which is the main goal of any

process [22].

Nowadays, as health care systems are being pressured financially with decrease of
reimbursement, a valuable tool for practitioners and managers might be improvements in
efficiency. Although, this can be a hard task for Cath Labs, as these are characterized by its high

acuity, complexity, and often unpredictable schedule.

Thus, and in order to enhance patient's clinical pathway since the moment he enters the ICU until
the moment he leaves, one needs to identify and eliminate any operational inefficiencies that are
compromising it, taking in account the patient safety and satisfaction, employee fulfillment and

retention, and overall quality of care [21].

However, although there are many different ways of analyzing and improving healthcare systems,
the current lack of vision and leadership of the healthcare managers and health authorities
becomes a challenge. Allied to this, is the lack of willingness to redesign processes in order to
increase efficiency and quality [3]. Nevertheless, literature presents some successful approaches

that have been already implemented in Cath Labs worldwide, some of which are described below.

Starting with Venkatadri et al. (2011), the study suggests the use of the six-sigma method
combined with Discrete Event Simulation (DES). The focus of the study is to create a baseline
simulation model that reflects the existing Cath Lab system, develop alternative scenarios and
then study performance measures against the alternative scenarios proposed, so that most
feasible change can be selected and suggested for implementation. To note that the development
and analysis of alternative scenarios was supported by a survey that aimed to capture the views
of each type of personnel on some of the operational improvement activities. The study presents
positive results regarding patient turnaround time and overall procedure end time in Cath Lab as

they met the study objectives [23].

Also, Stepaniak et al. (2014) experimented a way of improving the Cath Lab efficiency using a
statistical model that helps understanding the stochastic behavior of Cath Lab procedures.
Authors suggest the use of a lognormal model to manage the variation in treatment duration that
exists as they defend that the efficient use of the Lab strongly relies on estimated case durations
and, lognormal models make procedure times become more predictable through a more accurate

estimation of the duration of the latter. The application of the suggested approach resulted in less
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overtime and in a reduction in the number of cancelled patients, supporting the assumption
that Cath Lab procedures are well-modelled by lognormal models [24].

Another method, proposed by Agarwal et al. (2016), studies the impact of of lean six sigma
implementation on improving the efficiency and the patient throughput, in the context of a busy,
tertiary-care Cath Lab setting. The lean six sigma is based on the eradication of redundant non-
value-added activities and intends to eliminate any operational inefficiencies that do not contribute
to improve productivity. The researchers used a stream map to have a consistent view of the
workflow and study what were the inefficiencies of the process. Also, founded in the lean six
sigma principles, the improvement was made in a continuous way with the team meeting regularly
to study the changes in the workflow and to make further amendment. Another relevant fact
pointed out as one of the reasons of success was the team being composed of physicians,
healthcare managers, department administrators and nursing staff, all of whom key players in the
workflow under analysis. This approach was recognized as a very useful tool to improve several
measured metrics, such as: turnaround time, physician downtime, on-time patient arrival, on-time

physician arrival and on-time start [25].

In 2018, Reed et al. presented congruence model as a useful tool to address operational
efficiency. The referred model takes in consideration the perspectives of the different elements
that compose systems’ operations, and which are interconnected to one another. The
implementation of the method is based on the analysis of these elements, the interrelationships
between them, and diagram them. By using the Congruence Model, one is able to assess whether
the Cath Lab key elements are aligned with its strategy or not. The model defends that both, the

technical-structural and the social component of the Cath Lab should be congruent [26].

Considering that, as already stated, one of the main challenges to redesign process in healthcare
systems is many times the willingness of their managers and collaborators to perform it, we
decided to focus on techniques that give special attention and promote the evolvement of
stakeholders in their development. Thus, looking to the methods used in the Cath Lab, one would
highlight Venkatadri et al. (2011) as the study that best meets the social aims of the present study.
Venkatadri et al. (2011) wants to ‘study performance measures against the alternative scenarios
proposed’ likewise, our study intends to study the performance of the Cath Lab against different
improvement measures. In addition, the referred study also gives a prominent role to stakeholders
and promotes their participation in the change process. The only thing that Venkatadri et al. (2011)
does not consider, and that we think that can add value to the decision making process, is to
complement DES with MCDA principles to allow further tradeoff studies aware of the importance
that each of those improvement measures represent to stakeholders. Therefore, and in order to
explore how DES and MCDA can be used to improve healthcare systems with a similar complexity
to Cath Lab, the following subsections describe the state of the art regarding hospital

management decision making using MCDA, simulation and the combination of both.
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4.1 A review of Multicriteria Decision Analysis, Discrete Event Simulation and the

combination of both in healthcare systems
4.1.1 Multicriteria Decision Analysis models in healthcare systems

Health care systems are characterized as complex when it comes to decision making, since these
kinds of systems usually involve confronting trade-offs between multiple, often conflicting
objectives [5]. This makes priority setting of interventions in healthcare systems difficult and many
times resources are not used to an optimal extent, as decision makers tend to use heuristic or

intuitive approaches to simplify complexity [2].

But, at some point arises the need of a structured, rational and explicit approach to set priorities.
And, even though many approaches have been developed, most of them do not consider
simultaneously all criteria that are relevant to decision makers, contrary to what happens with a
MCDA model, defined by [27] as

both an approach and a set of techniques, with the goal of providing an overall ordering

of options, from the most preferred to the least preferred option.

The development of an MCDA model makes use of a sociotechnical approach, which improves
communication within the organization, develops shared understanding of the problem and
generates a sense of common purpose [28]. This guarantees the integration of the concerns and
values of the people who best know the system and are directly related to management decision.
For example, in a healthcare context, MCDA models have been used for shared decision making
between patients and doctors in the evaluation and selection of therapies, treatments, and health
care technologies. With this, one is considering distinct perspectives in the decision making
process while capturing the full impact of an intervention [29]. Nevertheless, some disadvantages

might arise, considering the gain complexity of the model and the time taken to complete it [30].

There are different types of MCDA approaches that can be applied in healthcare which include
value measurement, outranking and goal programming, all depicted in figure 7. However, the first
one is typically the most used because it is based on Multi-Attribute Value Theory, different from
AHP [5], and hence, is in accordance with a number of axioms that describe transparent choices,
including completeness, transitivity, and independence [31]. Adulin et al. (2014) also highlights
the fact that value measurement approach is very flexible and supports the capture of subjective

and objective aspects of a decision [32].
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M C DA Value Measurement models Additive Aggregation or Weighted Sum Method
E.g. MACBETH

Analytic Hierarchy Process (AHP)

H Elimination Et Choix Traduisant la Realité
Outranking models (ELECTRE)

Preference Ranking Organization Method for
Enrichment Evaluations (PROMETHEE-GAIA)

Goal, aspiration or reference Goal programming
models

Heuristics

Meta-heuristics

Figure 7 Classification of MCDA methods [30].

Although MCDA methods have been applied in numerous settings, in healthcare, their application
only increased since 2011.

Adulin et al. (2014) conducted a literature review to identify studies using MCDA techniques within
the areas of healthcare and involving the participation of decision makers. The review
comprehended English language studies published from 1980 until 2013 and concluded that a
total of 66 citations respected the considered criteria. These techniques are mostly applied, to
disease diagnosis and treatment, followed by priority setting, Health Technology Assessment
(HTA) and formulary management [32].

A more recent review performed by Oliveira et al. (2019) focused on identifying studies that
referred the use of MCDA in HTA. The study included 129 journal articles, published between
1990 and 2017, from which 56% were published between 2015 and 2017. This review stated that
in 42% of the reviewed articles the health technology focus was on pharmaceuticals. Regarding
the type of study, 36% of the studies developed models to evaluate health technologies in practice
Other studies would include analysis of MCDA implementation issues, proposed frameworks to
support MCDA in HTA implementation, and exploration modeling approaches. This review also
highlights the use of social processes, stating that a great majority of the studies (85%) reported
the use of participative methods and 70% adopted face-to-face approaches for model-building,
which comprises decision conferences and workshops. Other social methods involve
questionnaires/surveys and interviews, for example. When it comes to criteria weighting, the most
used procedures, by decreasing order of frequency of use, are AHP, quantitative swing weighting,
point-scaling, 100-point allocation, and MACBETH [33].
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Bearing in mind literature review results that refer the ability that MCDA methods have to
contemplate stakeholders’ preferences in a transparent way that returns simple outputs (Oliveira,
Mataloto and Kanavos, 2019) and, considering all the advantages previous described regarding
the alignment of MCDA with Multi-Attribute Utility Theory (Von Neumann and Morgenstern, 1947),

one can conclude on the utility of such methods to address Cath Lab challenges to efficiency.

4.1.1.1 Measuring Attractiveness by a Categorical Based Evaluation Technique
(MACBETH)

Focusing now on an additive aggregation method, in 1994, Bana e Costa et al. described
MACBETH as an interactive approach, that makes use of qualitative judgements about
differences in attractiveness of one action over another, to help an individual or a group quantify
the relative preferability between these [34].

This approach uses a simple protocol of question-answer that involves only two options for each
question. The DM is asked to compare pairwise options through a qualitative judgment of the
difference of values of the attractiveness of one action over another action to help an individual
or a group to quantify the relative preferability of different actions [35]. The scale for the judgments
is given to the DM as no difference, very weak, weak, moderate, strong, very strong and extreme
[36].

MACBETH method allows to derive preference scales or value functions and scaling constants
in many public and private applications of multicriteria additive value analysis [37]. It has been
applied in public policy analysis, prioritization of projects, resources allocation and conflict
management, human resources evaluation and management, total quality management, between

others.

For the application of MACBETH there is a software, M-MACBETH [36], that supports the
evaluation process. M-MACBETH can be very useful for group decision making, as it helps
interactive group learning of a problem and enables to incorporate hesitation in choosing between
two or more categories of difference in attractiveness. Moreover, this software offers features that
allow to check the consistency of the judgements and can even suggest ways of resolving these
[38].

In the literature, and regarding the application of MACBETH in healthcare, one can find many
studies recommending its use however, none of them happen in a Cath Lab. In 2008, Pinheiro et
al. resorted to MACBETH to develop a multicriteria model that would help in decision making for
the diagnosis of Alzheimer’'s disease. MACBETH enabled the building of a ranking of the

questions that are most relevant for the diagnosis of the referred disease [39].
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On its turn, Moraes et al. (2010), developed a model with the aim of improving the use of the
healthcare equipment through its better management. As authors define health technological
process as the interaction between human resources and healthcare technology used in
delivering patient’s healthcare, they defend that Clinical Engineering should address the
difficulties found by the workflow key players in the decision making of a health technological
process, at different levels. Thus, the study uses MACBETH approach in its evaluation phase to
obtain local cardinal scales, compensation scales and an evaluation, which then help to define

benchmarks and identify opportunities of improvement [38].

Also, Oliveira et al. (2012) developed a multicriteria model to allocate human resources in
community care programmes, a social-technical process that makes use of a MCDA in a decision
conferencing. The MACBETH approach and its software were used to construct the multicriteria
evaluation model allowing the measurement of benefit values (through the building of value
functions and criteria weights). The decision conferencing allowed to get a consensus on how to
proceed forward to achieve the initial goal. At the end, the model proved to be useful for a
transparent prioritization of interventions in healthcare sector and aided a group of health centers

to select programmes and redesign its information system [40].

In 2014, Rodrigues suggests the use of MACBETH, also in a healthcare context, this time to build
a population health index, a formal assessment tool, that takes in consideration the concerns and
strategic objectives of different stakeholder groups and the multiple dimensions of the health of a
population (health determinants and outcomes). Hence, this study offers a way, using MACBETH,
of evaluate population health in its multiple dimensions, aiding the health sector on its

management and planning [41].

Later, in a study developed in 2016, Carnero and Gomez suggested the integration of Markov
chains with MACBETH to make rational decisions on asset management in healthcare
organizations. The model was applied to aid the selection of a set or combination of maintenance

policies in four dialysis subsystems of a healthcare organization [42].

It is important to notice that, the aforementioned studies represent a small sample of a number of

them reporting the use of MACBETH to support decision making in healthcare contexts.

4.1.2 Simulation Models in healthcare systems

According to [43, p. 7], simulation can be defined as

the process of designing a model of a real system and conducting experiments with this
model for the purpose of either understanding the behavior of the system and/or

evaluating various strategies for the operation of the system. Thus, it is critical that the
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model is designed in such a way that the model behavior mimics the response behavior

of the real system to events that take place over time.

In fact, healthcare simulation is an active area of research and practice [44] as it permits to explore
scenarios of decision making from different stakeholders or practitioners [45] and successfully
address managerial problems. The use of simulation tools enables managers of healthcare
organizations to evaluate the efficiency of current practices, identify needed resources and,
through a what-if analysis comparing different scenarios, predict the impact of managerial
changes and therefore determine optimal system configuration [46]. Hence, enhancing patient

flow and reducing healthcare delivery costs.

Back in the 1960s and 1970s there were a lot of barriers to the successful implementation of
simulation models in healthcare. These barriers included the lack of economic incentives, no
vested authority, non-quantifiable data, dehumanizing formulations, and no commitment to follow
up, plus it was difficult to balance the conflicting objectives of physicians, nurses, hospital
administrators, boards of directors, and other health-care professionals [44]. However, the use of
simulation models in medical research and health service management has increased as
researchers propose these models as a way to control costs and increase efficiency (Rohleder et
al., 2011).

One can find several circumstances where simulation models were used in the healthcare sector
that include: improvement of the patient flow at an outpatient orthopedic clinic [47], evaluation of
average patient duration and queue length in emergency department (ED) considering human
errors [48], improvement of an ED [49], redesign of a medication administration process [50],

between others.

Mielczarek and Uzialko-Mydlikowska (2010) developed a review of the application of computer
simulation modeling in the healthcare sector addressing the three main types of simulation: DES,
Monte Carlo simulation and the System Dynamics approach. Stochastic simulation is usually
represented by the first two, and more recently by Agent-Based Methods (ABM) [45], and
deterministic simulation is generally associated to the third one. The authors reviewed a total of
168 papers published between 1999 and 2006 in peer-reviewed journals and in the proceedings
from recognized international conferences. From those they excluded review-type,
methodological papers and the ones where the simulation approach was not clear, then being
able to classify a total of 156 papers [51]. This study revealed that simulation methods are mostly
applied in the health and care systems operations area (51.28% of the papers). Moreover, 76 out

of 156 classified papers that address this area are supported by the DES model [51].

In 2015, also Almagooshi performed a review of the challenges and trends of simulation modelling
in healthcare. In the review, the author included only DES and ABM mentioned in papers
published between 2008 and 2015. The paper refers to these two methods as the ‘best practices
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in designing and developing simulation models in healthcare’ and laments the fact that the
knowledge regarding them is dispersed throughout the computing and operational research

literature. The author also states a tendency towards a common graphic interfaces [45].

When it comes to the simulation software, even though models can be built using a variety of
computer tools, one can verify a trend towards mixed approaches combined into one complex

platform [51], which is the case of Simul8, Arena and ProModel computer packages for DES [52].

Considering that, in the present study, simulation aims to show everything that happens to the
patient during its passage at the Cath Lab, DES seems to be the best type of simulation to use
since: time-to-event is best described stochastically rather than with fixed time intervals; individual
pathways through the model are influenced by multiple characteristics of the entity; one wants to
study the effect of different managerial actions [53]. Hence, DES and its implementation are

further explained and detailed in the following section.

4.1.2.1 Discrete Event Simulation

DES is one of many different tools and methods used in the analysis and improvement of
healthcare systems, whose use has increased in recent years [44]. The fact that it allows hospital
administrators or clinic managers to evaluate the efficiency of existing systems, to ask ‘what if?’
questions, and to design new system operations, makes it an appealing methodology for analysis
and research modelling. Moreover, DES can also be used as a predicting tool to assess the
impact of managerial changes on patient clinical pathway, study staffing levels and physical

capacity and study complex relationships among different system variables [54].

Kuntz et al. (2013) points evaluation of alternative healthcare systems (as workflow, staffing) as
the type of decision DES best suites, since it represents time in a continuous scale and simulates
not only an individual at time, but also its interactions with other individuals and within the health
system. The mentioned paper recommends the use of DESs for patient scheduling and admission

rules, patient routing and flow schemes [55].

Regarding Simul8 software, it is considered one of the favorite simulation tools among engineers
as it provides an easy-to-use DES package. Simul8 allows to build accurate, flexible, and robust
simulations in a quick and costless way, hence supporting different kinds of decisions. Besides
that, Simul8 has features that permit to obtain results such as machine and resource utilization,
overtime requirements, and other standard analysis results. Which are very useful when

assessing effectiveness of schedules [56].

Brenner et al. (2010) used Simul8 to manage patient flow inside emergency rooms. Through the
use of the simulation model authors could find out optimal numbers of staffing and material
resources plus evaluate any potential benefits of operational actions. The referred paper points

out that another benefit from the study is its applicability to other emergency departments [46].
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In 2012, Monks et al. similarly used Simul8 to evaluate the benefit from reducing delays in the
emergency stroke pathway in a large district hospital. The choice of DES is based in the fact that
these kinds of pathways present a wide variation in arrival-to-treatment times depending
on hospital workload, clinical decision making, between others. The study defends that ‘modeling
alone is not enough to achieve change within healthcare systems’ and therefore appeals the
inclusion of stakeholders and workflow key players to reach an agreement on the forward actions
to take [57].

Attending to the success and benefits reported by the reviewed studies, which were applied to
systems with similar levels of complexity similar to the Cath Lab, Simul8 will be selected in the

methodological proposal.

4.1.3 Combining Discrete Event Simulation with Multicriteria Decision Analysis

Literature does not present many studies where MCDA is combined with other Operational
Research / Management Science methods to problem structuring and analysis, as most of the
times the first is not seen as an integral part of problem-solving methodologies, but a set of tools
only applicable to certain categories of a problem [58]. Though, there is a strong belief that MCDA
approaches can be very useful and enriching in different situations where decisions aim at

attaining multiple objectives.

Combining, for example, simulation with MCDA allows to, not only obtain the performance of the
system against different alternative measures (with simulation), but also to convert each
performance into value scores (through MCDA). Adding to this, the previous combination
enhances the engagement with final users/customers and allows systems to be evaluated
considering more than only the operational aspects, thereby turning decision making more
inclusive and trustful [59].

As said by Belton and Elder (2013),

‘Simulation provides the link between decision space and solution space (discovery),
whilst multicriteria analysis provides the link between solution space and value space

(clarification and explication)’.

In fact, Belton and Elder (2013) proposed combining DES with MCDA to support the management
of a regional UK airport, more specifically the allocation of check-in desks to airlines. Even though
authors verified its utility, they suggested that, contrary to what they did, it could have been useful
build the multicriteria model first and only then the simulation model, which would permit relevant

criteria to be straight forward considered and integrated in the building of the simulation [58].

On its turn, Barros Brito et al. (2012) presents the case study of a steel company who wants to

establish a new plant in the country, an example of a complex and multifaceted logistics system.
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The study aims to size the company’s own vessel fleet and determine the storage area assigned
to two types of iron ore. A Decision Support System (DSS) that merges DES and MCDA was
developed so that the DES model would help to represent the real system and on evaluating its
performance according to the criteria defined in the multicriteria model. In further steps, he DES
model allowed the analysis of alternative configurations of the system, whose results underwent
a multicriteria analysis that would support determine the ‘best’ configuration [59]. Contrary to the

previous in this study MCDA was performed after the results of the DES model were obtained.

From analyzing each of the models individually and then as a complement of each other, the
literature review helped corroborate the advantages of combining DES with MCDA in an
integrated format. The first one is that, a hybrid model helps to approach enterprise systems and
decision makers. The second is that, approaches like this consider criteria that are many times
ignored in decision making processes and so, the hybrid model creates an opportunity to make
decisions based on technical and practical fundamentals, with criteria and weights that are well
defined by experts giving credibility to the decision making process [59]. Combining these two
models is also a way of surpassing the limitations of each of them, such as being able to evaluate
scenarios considering more than one criterion or to use a wider range of possible classifications
or to see the operational impact of changes. Moreover, and since our problem comprises a Cath
Lab that aims to be more efficient through the improvement of its clinical pathways, it is important
that key players of the workflow get to be involved in the process of developing the improvement
strategy, ensuring the success of its implementation. Since MCDA and simulation are both
characterized by a strong use of participatory methods, as described before, these models are
quite compatible with what is intended.

To summarize all that was said, as the results of simulation models mainly concern performance
measures that help DMs see if the implemented managerial changes affected the performance
of the Cath Lab or not, MCDA comes as a natural extension of it that integrates these performance
measures the efficiency objectives of the Lab. Even though, one could not find any applications
of this combination in healthcare systems, bearing in mind all the advantages described before,
of either systems independently and combined, the suggestion of combining MCDA with
simulation arises as a good and feasible approach to improve efficiency in the Cath Lab and other
similar logistics systems.
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Chapter 5 Methodological Framework

According to the Head of the HESE Cath Lab and lab stakeholders, the demand for Cath Labs is
expected to increase and, since the procedures performed within it are associated with

considerable costs [60], improving efficiency in Cath Labs is a priority.

From the scope of project and the objectives of the Cath Lab under study and, bearing in mind
the results of the developed literature review, this chapter describes a proposal of a
methodological framework to improve efficiency in healthcare units, starting with HESEs’ Cath

Lab case, but having the potential to be adapted and used in other similar contexts.

From the literature review, one could conclude that combining in an integrated way MCDA with
simulation can be an effective and valid tool for decision making in complex logistics systems
[59], as the features of MCDA models might help overcome some of the limitations of DES models
and vice versa. Nevertheless, these models have been widely used in healthcare but

independently and not very frequently complementing one to another.

From that, the current study proposes combining MACBETH method with DES in a
methodological framework that integrates both of their technical and social components, with
particular emphasis on the latter. This framework aims to equip Cath Lab managers with a more
a complete and more reliable tool that, through measurable criteria, shows at what extent the

Cath Lab performance meets their goals.

The intuition behind building a framework that gives special importance to the social component
comes from the belief that a close collaboration with workflow key players results in better outputs
with right breadth and depth of detail, as they themselves represent a diversity of viewpoints
regarding the systems’ efficiency and hence, have their own different objectives and preferences
[5] [28]. Other advantages that come from social approaches include allowing multidisciplinary
groups to develop a shared understanding of the issues, generate a sense of common purpose,
and gain commitment in the way forward and confidence in the results provided by the model
[28].

To conclude, this framework arises as a solution to bridge the gap between data, processes,

information and Cath Lab stakeholders and DMs.
The following sections comprise an explanation of the phases that make part of the designing,

implementation of methods and, testing and validation of MultiSim approach. In the section of

each phase, the steps that make up its technical and social components are thoroughly described.
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5.1 Decision Support Methodology

The methodology framework can be divided in three distinct phases, all of them composed by a

technical and a social component, as illustrated in figure 8.

Phase 1 comprehends the structuring of the Cath Lab efficiency problem, which includes
collecting all the information and data needed for the development of the study and an exhaustive

definition of the scope of the problem and objectives with of board members of the Cath Lab.

Then, during Phase 2 MCDA and DES techniques are used to construct MultiSim model. In this
phase, the social component has great participation and highly affects the quality of the technical

component.

To conclude, Phase 3 comprises the conclusion of the study through the presentation of the
results of MultiSim. Moreover, this final phase intends to obtain the validation of the proposed

Decision Support Methodology.
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Figure 8 MultiSim components set within a sociotechnical structure.

The same steps of figure 8 above are presented in detail in figure 9.
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Figure 9 Detailed MultiSim components detailed within a sociotechnical structure. MultiSim is
composed by three phases, all of them with a technical and a socio component that interact

between each other.

5.2 Phase 1: Structuring the efficiency challenge in Cath Lab workflow

Phase 1 can be seen as the pillar of the approach since, its well-structuration results in a well-
founded model that meets the objectives of the stakeholders. This phase aims to gather all the
relevant information necessary to implement further steps of the methodology in the following

phases.

Thereby, Phase 1 will focus on defining the scope of the problem, collect important data to its

resolution and, to conclude, define the criteria set that best represents the efficiency in Cath Lab
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workflow. The descriptors of performance for each criterion should also be defined and validated

by the workflow key players [5].

The outputs of the current phase, as well as the relationships between them, are illustrated below,

in figure 10:

Key Performance

Context Indicators

<> Descriptors of
performance

A
A

Set of criteria Reference levels

Figure 10 Flowchart of the outputs of Phase 1 and the relationships between them.

5.2.1 Phase 1 - Technical Component

The technical component of Phase 1 comprises the structuring of the models to be used,

described by [61] as essential in a decision aid methodology.

1. Definition of the scope

MultiSim model requires a well-defined context of the system to be appraised, in this case, the
Cath lab. To do so, data regarding the functioning of HESEs’ Cath Lab, its utility for the
community, resources and management must be gathered in other to better understand its

position and context, as well as what are its strong and weak points.

2. On-site data collection and mapping of the patients' clinical pathway

To further steps it is important to identify patients' ‘trajectories’ through the Cath Lab when they
have to undergo an exam. One can associate this to the concept of clinical pathway which, second
Kovalchuk et al. (2018) is defined as the ‘typical care paths for a certain group of patients’ [62].

Mapping the patient’s clinical pathway allows to collect important information on the main steps
and procedures applied during care process, as well as which resources are associated to them.
Some examples of important mapping information are hours and days of operation, floor plan with

the patient’s path and, which professional take which tasks and where.

Therefore, visits to HESEs’ Cath Lab are mandatory to observe and understand the process flow

and the functioning of the system, as well as to identify, include and study all sub-processes
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involved [23] and hence, conclude on which are the critical points that most influence the

efficiency of patient's clinical pathway [53].

3. Definition of a criteria set to evaluate the efficiency in the Cath Lab

Considering the future multicriteria evaluation, it is necessary to define the set of criteria that best
evaluates the impact of alternative managerial actions in the efficiency of the Cath Lab workflow.
To do so, the first step is to identify and select the Key Performance Indicators (KPIs) that best
reflect the performance of the Cath Lab in terms of efficiency. These indicators should then be
summarized into different criteria according to the improvement targets of the study. On their turn,
the different criteria (improvement targets) can be organized in areas of concern [41]. It is
important to distinguish the difference between criteria and KPIs, as the first are associated to the
notion of value and the second to the notion of performance and hence, criteria improvements
should be evaluated only regarding the notion of importance, ignoring value trade-offs underlying
additive aggregation models [63], which is referred to as the most common mistake [64].
Therefore, KPIs represent the performance of the lab and criteria the value added to its efficiency,

which is what is being assessed.

Ugwu and Haupt (2007) emphasizes the importance of adequate understanding and knowledge
of KPIs as one of the first steps towards successful institutional transformations, and efficient
decision making [65]. KPIs, are important sources of information about administrative, operational
and clinical levels and, focus on the aspects of organizational performance that are the most
critical for the current and future success of an organization [66]. Hence, these should be seen
as a strategic assessment tool that supports healthcare managers achieve excellence and,
knowledge discovery and assessment [3].While developing the study and research on the most
adequate KPIs, one must keep in mind the scope of the project, which is evaluating the
performance of a healthcare unit, where healthcare outcomes are more important than financial
outcomes and, therefore, intangible assets are more important than tangible [3]. Adding to this,

most of the selected metrics should be of operational nature, as the model evaluates a process.

Once KPIs are defined, assessing existing knowledge and future needs will also help establish
evaluation criteria [3]. The evaluation set of criteria needs to be assessed against several

characteristics that include [27]:

e Completeness: all important criteria must be included;

¢ Redundancy: duplicate or unimportant criteria should be removed,;

e Operationality: criteria must be clear enough to be assessed. Furthermore, is important
to refer criteria are operationalized through descriptors of performance that often take the
form of indicators, and turn criteria more comprehensible in the segment of what was

previously explained,;
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¢ Mutual independence of preferences: preferences associated with the consequences of
the options are independent of each other from one criterion to the next;

e Double counting: effects should not be double-counted, or it is given more weight in the
final overall decision than they deserve;

e Size: guarantee that the structure is no larger than it needs to be;

e Impacts occurring over time: ensure that all assessments of criteria are made on the

same basis.

Once a valid set of criteria is obtained, the next step consists of assigning descriptors of
performance to each criterion to make them operational for evaluating the attractiveness of
options [67]. Oliveira et al. (2012) defines a descriptor of performance as ‘a measure of the extent
to which the criterion can be satisfied, from a most attractive to a least attractive level of
performance’, this is, an ordered set of plausible performance levels. A descriptor of

performance can be a quantitative indicator or a qualitative scale [40].

The creation of the descriptors consists of fixing two levels which correspond to the best and
worst levels of performance, thus limiting the range of performance in that criterion. Then, a fixed
and small number of intermediate equally spaced levels should be demarked and tested using
M-MACBETH, which is why this step can be seen as introductory to the implementation of the
multicriteria model in Phase 2 [68]. The different reference levels of performance that compose
the descriptor correspond to levels of accomplishment for the KPI that measures de performance

of a criterion.

The next step is to define, for each of the descriptors reference levels, which can be denominated
with different terms, such as ‘Target’ and ‘Base’ [68], ‘Best’ and ‘Worse’ and, as ‘GOOD’ and
‘NEUTRAL’ which is best suited to this study. The ‘GOOD’ level corresponds to a level that has
an unquestionably attractive benefit and should be looked to as a ‘goal’, as this is the level of
performance envisaged by managers, that when achieved indicates there is no improvement
need in the respective criterion [68]. The ‘NEUTRAL' level is neither attractive nor unattractive in
terms of need for improvement, a minimally satisfactory level that can surely be improved, in the
Cath Lab might regard the status quo. The reference levels may not be necessarily the most and

least attractive levels of the descriptor, although it can happen [40].

Having this step well accomplished is the first step to, posteriorly, be able to comparison and

evaluate different performances.

5.2.2 Phase 1 - Social Component

As already stated, the technical steps highly depend of the inputs given by stakeholders in the
social component of Phase 1. The whole approach is developed with base on the objectives and
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challenges described by the stakeholders in this phase, which makes it really important to start

creating engagement with DMs and to develop a tool that meets their needs.

1. Identification of short-term objectives of the Cath Lab

Initial meetings are useful to understand which policies are already being implemented and the
restrictions to the implementation of others, as well as to identify stakeholders’ main ends-

objectives and means-objectives and their relationships.

Therefore, this step starts with a kickoff meeting with hospital administrators, boards of directors
and the coordinator of the interventional cardiology, where the two methods contemplated in the
framework are presented, detailed and discussed, as well as the fundamentals of this new

innovative sociotechnical methodology, which combines both of them [28].

2. Exploring existing challenges to efficiency

Following the initial meetings, individual interviews with a small group of collaborators associated
with the day-to-day work permits them to mobilize their intimate knowledge of what is being done
and what could be done [28].

Some of the questions posed for discussion should be: How to obtain a more efficient Lab? How
to assess the benefits of the managerial changes and implications of them? What are the best
managerial measures in the light of the objectives? [69] What are the biggest challenges to
efficiency at this moment? What would you change in the Cath Lab? What makes you unhappy

in your daily at the Cath Lab?

Additionally, these individual interviews will also contribute to know the patient’s clinical pathway
in the Lab and the tasks associated to each of the members of the workforce, giving important

inputs for the conceptualization of the simulation model.

The interviewed must be incentivized to think strategically, and not become bogged down in how

activities are usually carried out [28].

5.3 Phase 2: Implementing the MultiSim methods

Healthcare systems are complex thus, any operational changes in these organizations are hard
to implement and need to be well structured and substantiated. The suggestion of combining
simulation with MCDA, in an integrated format, intends to mitigate this complexity. Simulation will
allow to dynamically model the current state of the system, as well as several ‘what if scenarios,
helping to understand what the main problems and possible solutions are. However, simulation
models’ output is tangible and, as referred before, decision making in healthcare systems should

often rely on intangible data and that is where MCDA complements DES and vice versa [59].
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Phase 2 consists of implementing the decision support methods represented in figure 11, being
considered the central point of the proposed framework. This phase is supported by two
interactive software, M-MACBETH and Simul8.

Multicriteria Model » | Simulation Model
[ |
Definition of
Value tree > Value Scale —» | Wheighting scale improvement
measures

Figure 11 Flowchart of the outputs of Phase 2 and the relationships between them.

5.3.1 Phase 2 - Technical Component

As the present methodology proposes the combination of two different decision support methods,

this section is organized in the steps that make up each of the two separately.

1. Multicriteria Model to evaluate efficiency improvements in the Cath Lab

The multicriteria model is used in Phase 2 to build value and weighting scales, and posteriorly in
Phase 3, for evaluation of managerial changes. The model is built based on the criteria set and

descriptors of performance, defined in Phase 1.

In Phase 2, the multicriteria model will help to evaluate improvements in the considered criteria
with base on the additive value approach selected, MACBETH. One choose MACBETH approach
since it has been successfully applied in several healthcare contexts and has proven to be
effective to avoid common scoring and weighting pitfalls in a wide variety of real-world cases

reported in the literature [69].

Regarding the computational model it is developed with the support of M-MACBETH tool, an
interactive and visual way of evaluating criteria and alternative options. It is important to retain
that the implementation of the computational model is performed on-spot, during the decision

conference.

Important to note that, to implement an additive method, which is the case of MACBETH, one
must ensure preference independence between criteria, this is, the evaluation of the performance
of a criterion should not depend of the performance of other criteria. In such
circumstances, criteria should be redefined to meet the requirements of additive methods or

clustered into a single criterion [70]. Once all the criteria correspond to the requirements, further,
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in Phase 3 (section 5.4.1), value scores are assigned to the consequences of an improvement on
all the evaluation criteria and multiplied by the respective criteria weight. The obtained products

are summed across all the criteria as follows [28]:

v;(GOOD;) = 100

vj(NEUTRAL}) = 0 )

V(imp.measure) = Y., w;v;(imp. measure) with ¥7_;w; =1and w; >0, and {
This is, considering a set of n criteria, w; represents the relative attractiveness (weigh) of criterion
j and vj is a cardinal criterion-function that quantifies the local attractiveness of the option in the

criteria j. On its turn, V(imp. measure) measures the overall attractiveness of an improvement

measure that belongs to the set under consideration, previously defined.

1.1 Value tree

As said in Bana e Costa and Beinat (2005), the construction of a value tree gives a visual overview
of the various concerns at hand in an hierarchically organized way by level of specification [67].
That said, the value tree should be organized, in descending order in the tree hierarchy, by
concern areas, criteria related to them and, finally, the KPIs that these criteria represent and

summarize in the form of descriptors.

1.2 Value scales

The evaluation of each of the criteria starts by qualitatively judging differences of attractiveness
within it. From there, one is able to quantify the attractiveness of the performance levels that
constitute each criterion through the construction of validated value scales and value functions.

MACBETH approach uses a scale with seven categories of qualitative difference of
attractiveness: null, very weak, weak, moderate, strong, very strong and extreme [34]. Each
criterion judgment matrix must be filled with the differences of attractiveness between pairs of
levels of performance using the MACBETH scale, with the least attractive performance level
highlighted in the selected cell’s column and the more attractive one in the cell’s row. It is not
necessary to fill all the cells in the matrix considering that, if the ranking of performance levels is
validated, filling in the last column corresponds to compare each of the performance levels with
the least attractive one; and filling in the diagonal above the main diagonal of the matrix
corresponds to compare each pair of performance levels that are consecutive in the ranking [36].
So, if the previous mentioned cells are filled, the rest will then be filled by transitivity and a
complete judgement matrix is obtained. It is important to refer that, in case of reluctance, doubt
or discord, instead of a qualitative judgement, a range of judgements can be selected, which is
very helpful in a group decision making context. The rest of the cells are filed by transitivity and

any inconsistencies must be solved and validated.

From the judgement matrices, one gets value scales for all the criteria and, for the criteria with

quantitative levels of performance, also value functions. As these scales respect the M-
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MACBETH judgments, they allow the conversion of performances into scores. Nevertheless, it is
important to guarantee that any necessary adjustments are made to the value scale before it is

validated, details of this process are provided in Bana e Costa et al. (2010) [71].

1.3 Weighting scale

Having the value scales validated, the next step consists of obtaining the weights of the evaluation
criteria. To do so, criteria should be ranked in terms of their overall attractiveness [36] this is, their
improvements of going from the ‘NEUTRAL' to the ‘GOOD’. Then, and similarly to what was made
in the construction of the value scales, the weighting matrix must be filled with qualitative
judgements about the relative attractiveness of the evaluation criteria this is, the differences of
attractiveness between the considered pairs of levels of performance based on the MACBETH
approach scale. Here, once again, it is only necessary to obtain judgements to fill in the last
column of the matrix that classifies the difference of attractiveness of having a certain criterion at
the ‘GOOD’ level and all the others in the ‘NEUTRAL'’ one [36]. The rest of the cells are filed by
transitivity and any inconsistencies must be solved and validated. Having the matrix filled,
coefficient weights for each criterion are built. Any necessary adjustments are made to the

weighting scale before it is validated.

At this point it is already possible to evaluate the contribution (weight) of each of the considered
criteria to the efficiency in the Cath Lab workflow, which will be posteriorly important to define,

classify and prioritize managerial actions.

2. Simulation Model of the Cath Lab workflow to watch the impact of managerial changes

The development of a simulation model allows to evaluate the state-of-the-art of Cath Lab and
thus, consider possible changes. It is important that the model mimics patient’s clinical pathway

as much as possible so that reliable results are obtained.

When it comes to the quality of the model, it heavily relies on a good data collection and mapping
of the system. The mapping of staff workflow and patient's clinical pathway was performed on
Phase 1, where the current workforce configurations and facilities in the hospital were determined.

From this point, the simulation model should be developed following the steps below (figure 12),

proposed by Venkatadri et al. (2011):

1. Developing a baseline 2. Developing alternative 3. Suggesting the most
simulation model that scenarios and measuring feasible solution for
reflects the existing Cath the key performance implementation
Lab system measures

Figure 12 Three main stages that constitute the simulation based approach [23].
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At the current phase the focus should be on steps 1 and 2, since MultiSim suggests step 3 to be

performed in Phase 3 through combining results from simulation and MCDA.

2.1 Simulation of the existing Cath Lab System

DES was already referred to as an effective tool for analyzing healthcare systems and to improve
its performance and patient satisfaction [48]. However, its success depends of the elaboration of
a well-structured conceptual model, which is a representation of the real system elaborated from

the mapping performed in Phase 1.

As described by Law (2009), more important than an exhaustive description of the system, the
conceptual model should explain the response of the system to problems addressed in the study,
such as challenges to efficiency [72]. Some of the topics that should be addressed in the
conceptual model are [72]: i) a process-flow/system-layout diagram; ii) detailed descriptions of
each subsystem and how they interact; iii) what simplifying assumptions were made and why; iv)

limitations of the model; v) and summaries of model input data.

It is essential that all the information gathered and presented in the conceptual model is detailed
and clear enough so that it can be seen as a draft that supports the building of the computer

simulation.

In order to define appropriate distributions and estimate the parameters for each activity of the
workflow, one should have gathered enough information and historical records in the mapping
step of Phase 1. Though, when there is no data for an activity, inputs may be elicited from
personal working in the Cath Lab, considering that these inputs are subject to a range of biases
and so, additional questions must be made in order the compare elicited values with empirical
data [53].

Then, and based on the conceptual model, the computerized model must be designed on a
computer using a simulation software. Literature presents many options of commercial simulation-
software packages [72] that support the designing of the Cath Lab layout and workflow, though
considering the use of DES, Simul8 seemed as the more appropriate tool to use in this case. The
computational model prosecutes demand according to its configuration which, again, is based on
the results of the mapping and conceptualization process. The configuration includes variables
such as numbers of doctors, nursing and reception staff, treatment rooms, capacity of waiting
areas and, produces different performance measures such as throughput, waiting times, number
of patients who attended the service, staff and equipment utilizations, between others [52][46].

Once the computer model is completed, it must be verified and validated in order to ensure its
results accuracy with the real system. Any errors or discrepancies with reality must be evaluated

and eliminated to ensure the model represents reality as much as possible [48].
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To evaluate the accuracy of the model one must prove that the conceptual model is an accurate
representation of real system and therefore the computerized model is reliable as well [48]. The
model can be evaluated using statistical tests or mathematical procedures, which include graphs
of the model and system behavior data, confidence intervals or hypothesis tests [73]. Moreover,
the model must be also checked with professionals from the lab, who will confirm the accuracy of

the results.

2.2 Development of alternative improvement measures

With the DES model one can detect causes of inefficiency in the lab [47] and, from that, support
DMs in designing alternative ‘what-if’ scenarios, which represent the implementation of different
managerial changes focusing on the short-term objectives of the lab and their immediate
importance to it [49]. Likewise, the MCDA model helps identify improvements considered
important for the workflow key players, that can be implemented without dramatically altering the

existing system and should, therefore, be considered at this step.

For any ‘what-if’ scenarios, which in the current case represent improvement measures and
managerial changes in the lab, there should be a description of what the inputs and outputs of
the simulation are going to be. Thus, one can view any changes associated to each of the
improvement measures as inputs and the resulted impact from these as outputs, which can be,

for example, time patient spends in the system, queue lengths, delays, as outputs [48].

5.3.2 Phase 2 - Social Component

1. Decision conference

The social process has a key role during Phase 2 as it allows to not only assess the validity of
the evaluation criteria, but also prioritize improvement measures in them considering workflow

key players and stakeholders judgements. A decision conference is defined in ([28], p. 54) as

a gathering of key players who wish to resolve important issues facing their
organization, assisted by an impatrtial facilitator who is a specialist in decision analysis
and works as a process consultant (Schein 1999), using a model of relevant data and
Jjudgements created on-the-spot to assist the group in thinking more clearly about the

issues” [28].

Therefore, the decisions conference aims to evaluate, on-the-spot and with the support of M-
MACBETH tool, the multicriteria model developed in the technical component of the current
phase. The evaluation of the model considers the inputs from a group composed by different

positions, points of view and responsibilities and, hence, concerns and perspectives.

Through a simple and intuitive protocol of questions about differences in attractiveness between

different improvements and doing nothing to change the efficiency in the Cath Lab, participants
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evaluate the contribution of these improvements for the efficiency in the Cath Lab. For this task,
voting tools are frequently used in order to promote and support consensus in the process of
building the model. The present study proposes the use of a new tool for decision conferencing,
which is Mentimeter, a voting tool that allows participants do an individual evaluation of the model
in their personal phones. The individual judgements are then discussed by the group and revised
through an interactive and learning process, until collective judgements, agreed by all the
participants, are obtained [69].

In 2014, Bana e Costa et al. suggested the layout of the conference room to be as the one
illustrated in figure 13, where eye-to-eye contact between participants is ensured, as well as visual
access to computer-projected information. It also suggests the use of two screens to allow
participants to visualize both, factual data and the computer-based model, created on-the-spot,

thus incorporating objective data and group judgements [69].
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Figure 13 Layout of the decision conferencing room proposed by [69].

It is important that the facilitator takes a constructive approach, enhancing the client's learning
ability of the problem at hand and promoting client-facilitator interaction. The facilitator should
follow Schein (1999) principles of intervention in order to always try to be helpful, stay in touch
with the current reality, and ensure that 'it is the client who owns the problem and the solution’
[74].

Regarding the agenda of the decision conference, it should start with a brief explanation of what
a decision conference consists of and what is intended from it. And here it is important to ensure
that all participants are in agreement with what was proposed and explained and, aware of the
conference objectives. Having this, the next steps will support the building of value scales and
criteria weights, as described below.

35



1.1 Value scales

In order to build value scales, participants should be asked questions, for each evaluation criteria,
such as ‘For the improvement of workflow efficiency, going from: [Level A] to [Level B] is of
[MACBETH category selected by the participants] importance’. To this question, each participant
gives an individual judgement and all individual results are presented on the screen. The group
must then discuss their different points of view and, unanimously, decide their final group

judgement.
From the group judgements, a value scale is obtained, which must be reviewed with participants
and, if there is the case, adjusted in the allowed intervals to the best of their opinion. From there,

one is able to quantify the attractiveness within each criterion.

1.2 Weighting scale

After all value scales are obtained, it is time to get the weighting coefficients of criteria through
qualitative judgements of their overall attractiveness. To do so, participants must rank the
improvements of going from the ‘NEUTRAL' to the ‘GOOD’ level in all the criteria in terms of
overall attractiveness answering to questions such as ‘Suppose that all the criteria are at the
Neutral level. If you could improve only one of them, which one would it be?’. And, as they
respond, the criteria already ranked must be removed. Mentimeter then presents the calculated
ranking from participants individual rankings and the group must decide if they agree with it and

do any adjustments if necessary.

Having the criteria ranked, participants must classify the difference of attractiveness of these
same improvements, according to MACBETH scale, like it was made with value scales,
answering questions as ‘What is the attractiveness of improvement [name the improvement]?’.
Once again, and similarly to what was made with value scales, the group must discuss their

individual points of view and, unanimously, decide their final group judgement.
During the decision conference it is important to emphasize and notify participants that the
judgement corresponds to the attractiveness of the improvement of a criterion for efficiency

effects and not the criterion itself.

2. Interactive meetings for validation of the simulation model

According to Sargent (1998), the operational validity determines if a model’s output behavior is
accurate enough regarding its purpose and applicability. Validation techniques can be either
subjective or objective though, a combination of both is usually applied [73]. Following the
accentuate social component of the proposed framework, when the model is completed, a ‘Face
validity’, as called by Azadeh et al. (2016), is performed. This technique is one of the most efficient

validation techniques, where a small group of professionals from the Cath Lab are asked about
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the accuracy of the logic in conceptual model and whether the computerized model behavior is

reasonable or not [48].

Notwithstanding, throughout the development of the simulation model, interactive meetings and
workgroup sessions with this specific group are crucial, not only to create engagement, but also

to guarantee the success and acceptance of the model [49].

5.4 Phase 3: Testing and validation of MultiSim

From Phase 2, one obtained a model of the existing system and possible improvement measures
were evaluated, considering Cath Lab collaborators inputs. So, in Phase 3 the goal is to
implement these improvements in the simulation model and, not only learn about their impact on
the performance of the Cath Lab, but also understand which improvement measure better suits
the aims of the Cath Lab.

As described by Belton and Elder (2013) [58],
Simulation provides the link between decision space and solution space (discovery),
whilst multicriteria analysis provides the link between solution space and value space

(clarification and explication).

That said, Phase 3 is the conclusion phase, where results are obtained, but more important than
that, where MultiSim approach is recognized by Cath Lab stakeholders as a valid DSS to help

them achieve their short-term objectives.

The current phase is structured as shown below, in figure 14.

v

Simulation Model Multicriteria Model

i i Evaluation of th i

Simulation of aluation of the Selection and
alternative impact of —»  priritization of

improvement improvement managerial actions
measures measures on criteria 9

Figure 14 Flowchart of the outputs of Phase 2 and the relationships between them.

5.4.1 Phase 3 - Technical Component

1. Testing of different managerial actions combining DES with MCDA

After validating the baseline model, the new scenarios, proposed to improve the workflow

efficiency in the Cath Lab, are tested. The alternative improvement measures are simulated with
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support of DES in order to learn about the operational performance of the system in different
configurations. After that, is when MACBETH technique is applied to the DES results considering
decision conference judgements over the decision criteria and its appraisal of priorities [59].
MACBETH, being an additive aggregation model, returns the degree to which one decision option
is preferred over another by constructing and comparing numerical scores (overall attractiveness)
[30]. It is important to refer that the use of additive aggregation requires weights to satisfy the
trade-off requirements [61], which is accomplished through their normalization so that it is
possible to interpret the weight of individual criterion as a proportion of the total weight. From this

step results a recommendation of what improvement measure should be implemented first.

5.4.2 Phase 3 - Social Component

1. Evaluation questionnaire

As the current phase aims to, at the end, obtain a combined model to assist Cath Lab managers
to improve the efficiency of its workflow and, considering the whole approach is supported with
participatory methods, an evaluation questionnaire can be very useful to evaluate the benefit and
applicability of MultiSim. Therefore, a simple and intuitive evaluation questionnaire should be built
and sent to all stakeholders and workflow key players to obtain feedback about the used
techniques and the obtained results. Such questionnaire can also help conclude about needed
adjustments and the validity of MultiSim.

2. Validation of MultiSim approach as a DSS to improve the efficiency of clinical pathways in the
Cath Lab

All results obtained so far should be synthetized, presented and discussed in a workshop with the
main stakeholders. The workshop includes briefings of recommendations, drawing attention to
the trade-offs that are being made or that can be made [5], so that, as said by Baltussen and
Niessen (2006), ‘good performance on one criterion can in principle compensate for weaker
performance on another’ [2].

Besides of confirming results, the workshop also aims to validate the proposed framework and, if
management sees this new way of prioritizing managerial actions as helpful, may then take steps
in order to institutionalize the process and use it for future organization restructuring projects [28].

One expects MultiSim to be easily replicable in many other Cath Labs or healthcare units, across
Portugal and the world. This framework goes beyond what has been done in healthcare contexts
and proposes combining DES and MCDA, both successfully implemented in healthcare units, in
an integrate format to improve the performance of the Cath Lab. Therefore, this new format
includes features that none of the already mentioned methods have when performed
independently consequently, filling existent gaps of DES and MCDA. MultiSim also promises to

have very positive repercussions on the success of the implementation of management changes
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as this model lays on a sociotechnical approach that promotes engagement with stakeholders

and key players of the workflow since step 1.
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Chapter 6 Implementing the MultiSim Methodology

This chapter comprises the implementation of the methodological framework previously
presented and described. It starts with the baseline of the problem which define the key concerns
of the Cath Lab and challenges to efficiency. From that, a set of evaluation criteria is defined in
cooperation with stakeholders. Improvements in the defined criteria are then evaluated, in a
decision conference with all workflow key players, regarding the importance of improvement
changes in each of them. Once the multicriteria evaluation is concluded and validated,
improvement measures considering the obtained results are tested with a simulation, also built in

close collaboration with stakeholders.

6.1 Structuring the efficiency challenge in Cath Lab workflow

The following sections describe the steps took, in a first approach to stakeholders and Cath Lab
team members, to understand the main challenges to a more efficient workflow and at what extent

do these compromise Lab managers objectives.

6.1.1 Definition of the objectives and concerns of the Cath Lab

To start structuring the problem and developing MultiSim it was very important to be aware of the
Cath Lab context, infrastructure, challenges and short-term objectives. In that sense, exploratory
interviews played an important complementary role in understanding professionals’ perspectives
and needs. These interviews were performed according to the concept of value-focused thinking,
where the first focus is on the identification of objectives and then of alternatives to achieve them
[75]. The interviews were divided in two rounds: the first was focused on getting a scope of the
Cath Lab and what were the management short term objectives. These groupwork sessions
counted with the participation of the coordinator of the interventional cardiology, members of the
board of administrators and hospital managers. The second round consisted of individual
interviews to members from workforce such as nurses, technicians and cardiologists and,
intended to realize the inefficiencies of the patient clinical pathway from the eyes of professionals
who deal daily with them and also to know what their main concerns were. During the meetings
it was clear the commitment of professionals in contributing to the improvement of the Cath Lab,

which is fundamental in a framework that highly relies on social inputs.

Regarding the inputs obtained from each round, in the first round, the group referred that a main
goal for the institution, and considering the opening of a new Cath Lab, is for HESE to become a
reference cardiology center, capable of meeting all cardiological needs in the Alentejo region,
under a value-based healthcare model. Though, for this to be accomplished, stakeholders admit
the need of some system restructuration and there is when the second round of interviews plays

a key role.
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In second round, at the end of the exploratory interviews, one could summarize all that was said
in four main concerns: defective pre exam assessment, bad external referral, accumulated
administrative tasks and, lack of human resources. Regarding pre exam assessment, the fact
that it is defective requires all scheduled outpatients to arrive at 8 am, regardless the time at which
the exam is going to be performed, so that nurses can check if they meet essential requirements
to perform the exam. Concerning bad external referral, what happens is that many times incorrect
referrals result in delays in the UDAIC service since patient might need a different treatment from
what was prescribed by the external unit. At third, technicians and nurses stated that
administrative tasks consume a lot of their time as there is no administrative employee fully
dedicated to UDAIC, only partially. This creates the need of certain tasks to be performed twice,
first as a draft by lab staff and then introduced in the computer system by the administrative
assistant. Another very claimed problem was the lack of human resources however, this topic
revealed great disagreement between professionals, as some defended it, and others did not.
The latter argued that the problem was not the lack of human resources but the lack of cross-over
between activities or versatility of professionals who refuse to perform tasks that go beyond their
responsibilities. To conclude, all these inputs constitute an important start up to suppress Cat Lab

key challenges and support improvement of its efficiency.

6.1.2 Data collection and mapping of patients’ clinical pathway

Information gathered in interviews plus on-site mapping allowed to understand the way the Cath

Lab is organized, as well as the entire clinical pathway of its patients.

The UDAIC opening hours is from 8 am to 8 pm, although it is allocated to hemodynamics only

on Tuesdays, Wednesdays (morning only) and Fridays as presented in table 2:

Table 2 Weekly distribution of the laboratory by the three areas that operate in it, with highlight to

the hours allocated to hemodynamics.

Monday Tuesday Wednesday Thursday  Friday

8am - 2pm | Pacing Hemodynamics Hemodynamics Vascular Hemodynamics

Unit surgery
2pm - 8pm | Pacing Hemodynamics  Nephrology Pacing Hemodynamics
Unit Unit
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Table 3 describes hemodynamics team members and distribution per shift :

Table 3 Cath Lab team composition, team members distribution per shift and shift hours.

Team members Number in the Number per shift  Shift hours
team
Interventional cardiologist | 4 3 Non defined
(4 on Tuesdays and
Fridays, 10am-6pm)
Radiology technician 7 1 8am — 2pm
2pm — 8pm
CPL technician 6 2 8am — 3pm
3pm — 8pm (extra hours)
Nurse 9 2 8am — 3pm
(3 on Tuesdays and 2pm — 9pm
Fridays, 10am-5pm)
Administrative officer 1 1 Part-time

On its turn, figure 15 illustrates UDAIC’s plan and the clinical pathway followed by patients who

undergo a CC. From patients’ clinical pathway, one could highlight four main moments:

Admission, Preparation, Procedure and Recovery, following described.

43



Figure 15 UDAIC’s plan and the clinical pathway followed by patients who undergo a CC. The
four moments highlighted are: (1) Admission, (2) Preparation, (3) Procedure and (4) Recovery.
Regarding the clinical pathway, outpatients start in (1), inpatients in (2) and primary patients in

(3).

1. Admission: All four scheduled outpatients arrive at 8 am. One nurse is responsible for doing
the admission, which consists of: i) check the patient's presence; ii) and verify if the patient
meets the necessary requirements for the exam, such as blood tests. If patient meets the
requirements, enters the Prep Room to start Preparation if not, the exam can be rescheduled

or delayed.

2. Preparation: In the Prep Room, patient changes clothes in a change box. Then, a nurse
explains the procedure and clarifies any doubts of the patient or the accompanying person.
The next steps will include: i) measurement of vital signs; ii) vein puncture and fluid
administration; iii) and EHR registration. Once these three steps are completed, patient must

sign a consent form and wait for being taken to the Cath Lab.

3. Procedure: In the Cath Lab, patient is asked to lie in an x-ray table with a mattress and is
connected to an ECG machine for heart rhythm monitoring. Patient’s vital signs, such as blood
pressure and blood oxygen levels are monitored as well. The procedure can last between 30
minutes to a few hours, depending on the procedure being performed and how long it takes.
Regardless of whether it is an angiography or angioplasty the following steps are taken: i) the
skin of either groin, collarbone or neck is cleaned with a special solution; ii) local anesthetic
is administrated by injection to numb the puncture site; iii) and a dye passes through the
Catheter to take a series of x-rays.

In case of angioplasty: i) the Catheter is directed until its tip reaches a narrow or blocked

section of coronary artery; ii) and the balloon on the end of the Catheter is gently inflated so
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that it squashes the fatty plaques (or deposits) against the artery wall. Often, a stent is inserted
to reinforce the walls of the artery. Once the procedure is completed, the catheter is removed,

and patient goes back to the Prep Room.

4. Recovery: Already in the Prep Room patient has to wait until homeostasis process is
complete. Then, an explanation about specific care to take the days after is given. How long
patient stays in the recovery room or even hospitalized depends of the procedure, if there are

any complications during it and if the puncture is radial or femoral, as shown in table 4:

Table 4 Recovery duration depending on the procedure, puncture site and if there are any

complications.
Angiography Angioplasty
1-2 hours + 24-48 hours
Radial 4-5 hours o
hospitalized in HESE
1-2 hours + 24-48 hours
Femoral 4-6 hours ) )
hospitalized in HESE
If there are 1-2 hours + 24-48 hours 1-2 hours + 24-48 hours
complications hospitalized in HESE hospitalized in HESE

For inpatients these times are slightly different for angiography, since HESEs' inpatients stay for
about 45 minutes in recovery in Prep Room and then leave to their hospital room and inpatients

from external units stay around 60 minutes in recovery before leaving again for the external unit.

6.1.3 Definition of a criteria set to evaluate the efficiency in the Cath Lab

It is difficult to define which criteria to include in the evaluation and to find appropriate indicators
for performance measurement, but the two previous sections helped on this task. Having the
objectives and concerns defined, the analysis of patient’s clinical pathway in detailed aided to
identify the performance indicators that were sources of operational inefficiencies related with
medical service delivery, logistics or administrative services [76], which could and should be
improved, such as the turnaround times and delays on the startup of the day. Then, indicators
were organized and summarized in evaluation criteria, according to the main objectives and
concerns of the Cath Lab. It is important to keep clear that, while KPIs appraise the performance

of the Cath Lab, criteria evaluate its workflow efficiency.
So, starting with the KPlIs, table 5 lists the indicators identified and selected and, associated

metrics that must be measured in the system (real or modeled) in order to allow KPIs

measurement.
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Table 5 List of the KPIs summarized in the four criteria and the metrics that allow their

measurement.

Criterion

KPIs associated

Definition

Metrics for
calculation

1. Efficiency of
admission
process

Patient check-in
duration

Extra time for
patient preparation

Door-to-needle time

Time taken for the process of
registering the patient, usually
performed by a nurse.

Time taken for the patient be in the
right conditions to do the exam, in
case fasting was not properly made
or if there is the need of doing
blood tests.

Time since the patient arrives until

Patient arrival
time

Preparation
time

Preparation
time

Patient arrival

(outpatients) the procedure begins. time
Procedure
start time
2. Compliance | On-time lab start Time at which the first procedure of Procedure
with schedules the day starts. start time
Delays due to Delays due to the occurrence of Number of
emergency cases emergency cases (primary exams). emergency
cases
3. Agility Turnaround time Duration between the exit of the Procedure
between preceding patient and the arrival of  start time
procedures the next scheduled one.
Procedure
end time
4. Human Time spent on Time invested in activities to Time spent on
resources training courses, develop the team's capabilities. other tasks
training research and

meetings

Table 5 also presents the link between the KPIs and the decision criteria that evaluate the

efficiency in the Cath Lab workflow. We now present each criterion and what is intended in it:

1. Efficiency of Admission Process:

Improve the time it takes from check-in to the

beginning of the procedure, considering any extra time needed for patient preparation.

2. Compliance with schedules: Improve the punctuality of the Laboratory in the first procedure

of the day, considering that it should start at 8:30 am (0 minutes delay).
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3. Adility between procedures: Improve the efficiency captured by turnaround times, which

corresponds to the average duration between the conclusion of a procedure (hemostasis)
and the beginning of the next scheduled one.

4. Human resources training: Improve the capacity of the available human resources by

promoting weekly training courses.

Once the criteria were validated by stakeholders, the next step consisted of associating
descriptors of performance to them. The descriptors of performance were structured
through several equally spaced reference levels of accomplishment that permit to assess the
Cath Lab performance in each criterion [68]. Since the descriptors of performance are seen as
the objective part of the model, they were built to be sources of unambiguous factual information
for the elaboration of value judgements [68].

Concerning the configuration of the descriptors of performance, for each criterion two reference
levels were defined, the ‘GOOD’ and the ‘NEUTRAL’ level. The ‘GOOD’ was set as a goal level
of performance for the lab, with base on what managers ambitioned and also considering
exemplary performances from other Cath Labs. The “NEUTRAL” was set as the status quo, this
is, the current state of the Cath Lab in that criterion based on data provided.

All the criteria and respective descriptors of performance are listed in table 6, with reference levels

of each of them identified. Three of the descriptors are five-level quantitative performance scales

and one is a four-level qualitative performance scale.
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Table 6 List of the four evaluation criteria and respective descriptors of performance. Each
descriptor of performance has the ‘GOOD’ and ‘NEUTRAL’ levels identified.

Criterion

1. Efficiency of
admission

process

2. Compliance
with schedules

3. Agility
between

procedures

4. Human
resources

training

Descriptor of performance

1. Have an administrative fully dedicated to UDAIC (calls and check-in)
and a nurse doing pre exam assessment GOOD

2. Have an administrative fully dedicated to UDAIC (calls and check-in)
and no nurse doing pre exam assessment (patient assessment right
before the exam)

3. No administrative fully dedicated to UDAIC but a nurse doing pre exam
assessment

4. No administrative fully dedicated to UDAIC and no nurse doing pre
exam assessment (patient assessment right before the exam) NEUTRAL

1. 0 minutes GOOD

. 10 minutes

. 20 minutes

. 30 minutes

. 40 minutes NEUTRAL

a A~ O N

. 10 minutes

. 20 minutes GOOD

. 30 minutes

. 40 minutes NEUTRAL

. 50 minutes

a A W N =

. 120 minutes

. 90 minutes GOOD

. 60 minutes

. 30 minutes

. 0 minutes NEUTRAL

a A W N =
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6.2 Implementing the MultiSim methods

MultiSim approach makes use of two decision support techniques: MCDA and DES, which were
employed in that order. The multicriteria evaluation process was performed in a decision
conference environment and the simulation was developed throughout several workgroup

sessions. We now present how each approach was applied and the results obtained from it.

6.2.1 Decision conference to evaluate efficiency improvements in the Cath Lab

The decision conference took place in HESE and counted with the participation of 17
professionals that included cardiologists, nurses, CPL technicians, radiology technicians,
operational assistants and hospital managers. In the room there were also a facilitator guiding
the group throughout the conference and a decision analyst giving support and manipulating the
computer software. The decision conference was held in Portuguese to ensure that all questions
were clearly understood and, for three hours participants questioned, discussed and contributed

constructively for the evaluation of possible improvement measures.

Figure 16 Left image: Two screens were used, so that participants could visualize both, factual
data and the computer-based model. Also, in the room there was a facilitator (on the right) and a
decision analyst (on the left). Right image: Room layout with ‘U’ shape ensuring eye-to-eye
contact between all participants as well as visual access to computer-projected information. It
also suggests the use of two screens to allow participants to visualize both, factual data and the

computer-based model.

The room layout respected the one suggested by [69] (figure 16, Right image), with all participants
having eye-to-eye contact and direct visual access to two displays (figure 16, Left image), one
projecting the M-MACBETH software and the other displaying the decision conference protocol

questions and, also the results from individual judgements.

The work session started with a brief explanation of the project being developed and the impact

of diseases of the circulatory system in the region of Alentejo. Also, a very simple example of a
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multicriteria model built with M-MACBETH was shown so that participants could better understand

the concepts underlying this type of models and how improvement measures should be seen.

Then, and to start the presentation of our model, MultiSim was presented, as well as the set of
evaluation criteria, already defined in section 6.1.3, in the form of a value tree (figure 17) built with
the support of M-MACBETH. Hierarchically, the tree starts with the two areas of concern, passing

through the criteria and ending with the performance indicators.

Hlmprove cath lab workflow efficiency |

Before entering the lab
-|Efficiency of admission process

4[| Patient check-in

4|:| Extra time for patient preparation
4D Door-to-needle time
R Within the lab

4|_—__|Compliance with schedules

4D On-time lab start

4D Delays due to emergency cases

Agility between procedures
4LDTurnaround time

Human resources training
4LDT|me spent on training courses, research and meetings

Figure 17 Value tree structure underlying the Improve Cath Lab workflow efficiency model — From

top to bottom, ‘Before entering the lab’ and ‘Within the lab’ areas of concern, decomposed by
efficiency objectives (criteria) and KPIs within the objectives (in the M-MACBETH DSS).

6.2.1.1 Building of value scales

After all the criteria were adequately presented and explained, the next step consisted of
collecting qualitative judgements to build value scales for each of the criteria. Each criterion had
a group of questions, all structured the same way, to fill the last column and the diagonal above
the main diagonal of the judgement matrix. In each question, participants were asked to give a
judgement that would complete the sentence ‘For the improvement of the efficiency in the Cath
Lab workflow [proposed improvement measure] is of [MACBETH scale judgement] importance’,
like in the slide presented in figure 18. After all participants had given their individual assessment,

results were projected so that they could discuss which collective judgment would best integrate
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all their individual qualitative judgments. Here it was important to listen and understand the
justification of non-majority judgments and try, with the participants, reach a consensus that did

not exclude or ignore anyone's point of view.

Cumprimento de horérios QUL | eodiemens i

Para melhorar a eficiéncia do fluxo de trabalho no laboratério de hemodindmica, o primeiro procedimento do dia
passar de:

* Um atraso de 10 minutos para 0 minutos é de — importéncia.

extiema
mt. forte
forte

L4 moderada \ ) 5
w = & Compliarxe with schedules
@ 0 10 20 l 30 40 cxireme
nula v. strong
0 ? ? ? positive
strong
10 ? ? ? ?
moderate
20 ? ? ? ?
weak

30 ? ? ? ?
40 ? ’ ? n

Figure 18 Question regarding the Compliance with schedules criterion in the first part of the
conference. First, the performance levels are presented and then it was asked, for the
improvement of efficiency in the Cath Lab workflow, to evaluate the difference of attractiveness

between some levels.

Once the criteria judgement matrices were filled, value scales were built, which allowed to quantify
the attractiveness within each criterion. Additionally, for the criteria with quantitative performance
levels (‘Compliance with schedules’, ‘Agility between procedures’ and ‘Human resources
training’), value functions were also constructed. Every value scale was presented to the
participants and, if needed, differences in the scale scores were collectively adjusted in the
allowed intervals, while maintaining the compatibility with the matrix of judgements. Only then,

value scales were validated.

The main conclusions retained from this first part are now presented as well as the value scales

and functions, validated by all the participants, for each of the criteria.

1. Efficiency of admission process:

The results of the evaluation of improvements in efficiency of admission process are presented

in figure 19.
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Wy, Efficiency of admission process

[ Current

Both |Administrative Nurse l None =1 B o0
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None _l 0 64

»—{ Nurse 46

Figure 19 Judgements matrix (left) and value scale (right) obtained for the criterion ‘Efficiency of
admission process’ (in the M-MACBETH DSS).

The group was reticent about the pre exam evaluation and also concerned if duplication of tasks
would continue to happen in the case of having a fulltime administrative assistant and a nurse.
Though most of the participants opinion was that an administrative assistant would have more
impact in the efficiency of the Cath Lab, than the nurse doing the pre exam assessment, as they
defend that an administrative assistant with a well-structured check list is able to do a pre exam
assessment good enough to avoid most of the delays. Nevertheless, participants agreed that pre
exam assessment performed by a nurse was an added value improvement, especially for patients
in special conditions and for whom the call following the general guidelines may not be enough

to do an accurate appraisal.

Another widely discussed topic in this criterion was the preparation of 4 patients simultaneously
by 2 nurses, as all the outpatients are scheduled for 8 am and arise at that time. Here it was
difficult to get to a consensus, as some participants saw no impact on the efficiency in the Cath
Lab, but on patient satisfaction. On the other hand, some have seen here an opportunity for
improvement, since preparing only one or two patients at a time leaves the nurses free for other

specific tasks. In sum:

Current state: Pre exam assessment call does not exist, and admission of the patient is

performed by a nurse.

Short term target: Have a full-time administrative assistant that does a pre exam assessment
call following a well-structured checklist (guideline) and the admission of patients. And then, later
and with less urgency, have a nurse performing a pre exam assessment appointment for patient

with special needs.
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2. Compliance with schedules

Regarding compliance with schedules, the performance level scale was adjusted and rounded as
participants felt that the attractiveness difference between 10 minutes and 20 minutes delay is
similar to the attractiveness difference between 20 minutes and 30 minutes delay, as shown in
figure 20, contrary to what was initially proposed by the software. Therefore, the value function
obtained presents the two sections mentioned as approaching a linear function, since the
performance levels of this quantitative criterion are equally spaced and considering that the

differences in attractiveness are similar.

Wy, Compliance with schedules

| [Current |
m 0 10 | 20 | 30 40 =
0 weak-mod  positive positive  vstrg-extr 100
10 - mod-strg positive v. strong 82
20 - mod-strg ~ strg-vstr 55
30 - mod-strg 27
[ e
~ _
o] 10| 100y &%
—{10 82 1“
o 56
(W] =z Z
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Figure 20 Judgements matrix (left), value scale (middle) and value function obtained for the
criterion ‘Compliance with schedules’ (in the M-MACBETH DSS).

One should take special attention to the fact that participants realized that improving the
compliance with schedules from 40 minutes to 30 minutes is more important and relevant
(moderate-strong) than improving it from 10 minutes to 0 minutes (weak-moderate), as the first
has a bigger impact in the workflow efficiency and, this is also shown by the difference in slope

presented between these two intervals in the value function.

It was suggested, in order to guarantee that the first procedure of the day starts at 8:30 am, to
have always a hospitalized patient prepared at 8 am in case there is any delay in
admission/preparation of the first ambulatory patient of the day or even to decree that the day

starts with an hospitalized patient to ensure punctual start up. In sum:

Current state: First procedure of the day starts with a delay around 40 minutes.
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The following flowchart (figure 21) shows the time, estimated by key players, it takes to admit,
change clothes and prepare a patient. Considering this, and assuming that the patient is punctual

and arrives at 8 am, procedures could never start at 8:30 am as the Cath Lab aims them to.

Check-in Change Preparation

' clothes >
© © O -

Figure 21 Flowchart of the patient's various steps until reaching the Cath Lab and the respective

times estimated by key players.
Short term target: Start the first procedure of the day less than 10 minutes late.

3. Adility between procedures

Once again, likewise in the previous criterion, performance level score was adjusted and rounded
as participants felt that the attractiveness difference between 20 minutes and 30 minutes average
turnaround is similar to the attractiveness difference between 30 minutes and 40 minutes average
turnaround, as illustrated in figure 22, contrary to what was initially proposed by the software. The
value function obtained presents these two sections as approaching a linear function, since the
performance levels of this quantitative criterion are equally spaced and considering that the

differences in attractiveness are similar.
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Figure 22 Judgements matrix (left), value scale (middle) and value function obtained for the
criterion ‘Agility between procedure’ (in the M-MACBETH DSS).

The majority of the participants defended that having a turnaround time below 10 minutes would
result in loss of quality. So, it was important to remember the model was not only considering 10
minutes but also the other values comprehend between 20 minutes and 10 minutes, such as 17

minutes, referred by [76] as an achievable goal.
The improvement from 50 minutes to 40 minutes, in the perspective of the participants, does not
add much value to the efficiency in the Cath Lab, as these are punctual situations that happen

less frequently and whose delay is often caused by third parties (stretcher transport, urgent

patients transportation, etc.). In sum:

Current state: Average turnaround of 35 minutes.

Short term target: Reach a turnaround time of 20 minutes.

4. Human resources training

Concerning human resources training, the value function obtained has a concave behavior as the

time allocated to training increases (figure 23).
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Figure 23 Judgements matrix (left), value scale (middle) and value function obtained for the

criterion ‘Human resources training’ (in the M-MACBETH DSS).

From 60 minutes onwards, the function presents a less pronounced growth with a decrease in
marginal gains, resulting from some disadvantages pointed out by the participants regarding the

practice of longer sessions, such as the loss of time and efficiency.

Therefore, in a short-term perspective, a weekly 60 minutes session dedicated to workshops,

training, feedback sessions, etc., might be the most advantageous. In sum:

Current state: Professionals do not dedicate any time of the week to training or team building.

Short term target: 60 minutes weekly session.

6.2.1.2 Building of weighting scale

After building value scales for each of the criteria it was then time for the last part of the decision
conference: criteria weighting. This step starts with the ranking of improvements of going from
the ‘NEUTRAL'’ to the ‘GOOD’ level in all the criteria in terms of their overall attractiveness.
Therefore, participants were shown the slide of figure 24 and asked the question ‘Suppose that

the Cath Lab workflow is at the blue level in all criteria. If you could improve only one of them,
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which would it be?’. In their personal phones, using Mentimeter, as they chose an improvement

measure, in the next position of the ranking that improvement could no longer be chosen again.

Ponderagdo de critérios QUL | Emens ..

Eficiéncia do processo Cumprimento de Agilidade entre Formag3o dos recursos
de admissdo horarios procedimentos humanos

Ter um administrativo
totalmente dedicado ao
UADCI e um enfermeiroa 0 minutos 20 minutos. 90 minutos
fazer uma avaliagdo pré-
exame ao paciente

Suponham que o fluxo de
trabalho do Laboratério de
hemodinamica esta no nivel

azul em todos os quatro o e e o
critérios. Se pudessem

melhorar apenas um deles,

qual seria?

Nenhum administrativo
totalmente dedicado ao
UADCI e nenhum
enfermeiro a fazer uma 40 minutos 40 minutos 0 minutos
avaliagdo pré-exame a0
paciente (avaliagdo do.
paciente no dia do exame)

50
Restricted © Siemens Healthcare GmbH, 2019

Figure 24 At left it is the question where the surgeons chose the ranking of the improvements
(named from A to D) from the ‘NEUTRAL’ (blue) to the ‘GOOD’ (green) level.

After all participants did individual rankings, one could obtain a collective ranking automatically
calculated by Mentimeter and depicted in figure 25, which was validated by all. ‘Agility between
procedures’ and ‘Efficiency of admission process’, by that order of preference, occupied first and

second place of the weighting ranking.

Agility between
st
procedures

Efficiency of admission

2nd
process
3rd Compliance with
schedules
4th Human resources

training

Figure 25 Ranking obtained for the weight of the criteria.

The next and final step consisted of qualitatively judging differences of attractiveness of the same
improvements described in figure 24, with participants being asked questions such as ‘What is
the attractiveness of improvement [letter correspondent to the improvement measure]?’, as
illustrated in figure 26, so that judgements to fill the last column of the weighting matrix could be
obtained. The rest of the cells were filled by transitivity.
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Figure 26 Example of how the difference of attractiveness was asked, this example for the

‘Efficiency of admission process’ criterion.

Once the matrix was filled with consistent judgements, criteria weights were quantified through
the building of a MACBETH weighting scale that was adjusted and validated by participants,

giving rise to the final scale depicted in table 7.

Table 7 Normalized weights obtained for each of the criteria using M-MACBETH.

Criterion Priority Normalized Weight
Agility between procedures 1 36

Efficiency of admission process | 2 29

Compliance with schedules 3 19

Human resources training 4 16

Sum 100

As referred before, ‘Agility between procedures’ was the criterion that participants collectively
believe improvements of are more important and will have the greatest impact on the efficiency
of the Cath Lab workflow, therefore obtaining the highest weight (0.36), followed by ‘Efficiency of
admission process’ (0.29). Thereby, one should look to forward improve ‘Turnaround time’,
‘Patient check-in’, ‘Extra time for patient preparation’ and ‘Door-to-needle time’ KPIs in the

simulation.
It is important to refer that any inconsistencies that emerged, while building the scales (value and

weighting), the software would suggest ways of resolving them and, again, participants should in
group decide how to solve them [36].
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Mentimeter proved to be a very useful tool to support the building of collective judgements, by
streamlining the individual evaluation process and allowing participants to visualize the group
results in a quick and instantaneous way. And, when needed, it also helped to hold a second vote

for the same judgement.

6.2.2 Simulation model of the Cath Lab workflow

The following subsections comprise the steps of building the simulation model of the Cath Lab
workflow. For that, we start with the elaboration of the conceptual model demonstrating the basic
structure of the existing system and respective validation. This is followed by the development of
the computational model and, again, its validation. At the end, proposed alternative improvement

measures are described.

6.2.2.1 Conceptual model of the existing Cath Lab system

Every day the Cath Lab receives patients from different provenances: outpatients, inpatients from
HESE, inpatients from referral hospitals and primary patients. The clinical pathway of the patient
depends on its provenance however, the current study has its main focus on outpatients. These
patients’ clinical pathway follows the steps presented in the flowchart below (figure 27). The
difference for inpatients and primary patients is that the first go straight to ‘Patient preparation’

and the second to ‘Exam’.

Extra time for
laboratory tests or other
requests

YES—m| Change clothes

Y

Patient

Outpatients f
Primary patients preparation

o Meets the
Admission Check-in < requrements?

<— Final Assessment |« Recovery - Exam -

4— Inpatients

1. Angiography
2.Angioplasty
3. Angiography + Angioplasty

Figure 27 Flowchart of patients’ clinical pathway in the Cath Lab. Patients have different starting

points depending on their provenance.

The model should run for three days a week, Tuesdays and Fridays from 8 am to 9 pm and,

Wednesdays from 8 am to 3 pm. Regarding the arrival times, outpatients are all scheduled for 8
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am (four on Tuesdays and Fridays and, three on Wednesdays), inpatients from referral hospitals
should start arriving to the Cath Lab between 11 am and 12 am and, HESEs’ inpatients around
12 am. Primary patients can arrive at any time of the day, though the simulation model will only

consider arrivals during the opening hours.

The simulation model considers patients going under one of the following three types of
procedure: angiography, angioplasty or both of them. The type of procedure that patients undergo

follows the probability distributions in figure 28.

Outpatient

A

64% 9% 28%

Angiography Angioplasty Angiography
+

Primary

&

19% 0% 81%

Angiography Angioplasty Angiography
+

Angioplasty Angioplasty
Inpatient Inpatient
(internal) (external)
] ]
= =t
45% 18% 37% 47% 8% 45%

Angiography Angioplasty Angiography
+
Angioplasty

Angiography Angioplasty Angiography
+
Angioplasty

Figure 28 Probability profile distributions of the type of procedure performed, according to the

provenance of the patient (values deduced from the laboratory database).

Patients’ clinical pathway:

Starting with the clinical pathway of outpatients, 25% (value elicited) of the scheduled patients
has to be rescheduled for different reasons, not even entering the system. The remaining go to
the admission station which is assisted by a nurse (patients going under angiography procedure
usually have priority). This activity serves to the nurse to check patient’s presence, explain the
procedure and verify if the patient brought the required blood tests. If patient meets the
requirements, continues to one of the two change clothes boxes if not, then must go to the
laboratory, accompanied by a nurse or an operational assistant, and do the required blood tests,
which takes approximately an average of 30 minutes to do. 50% (value elicited) of the patients
do not meet the checklist requirements and need extra time for blood tests. Once requirements
are met, patient goes to the change clothes boxes and changes to the pajama. An operational

assistant assists this station, which takes an average duration of 10 min.
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Then, patient enters to the Prep Room, which for inpatients is the first station. One nurse is
assigned to this station and is responsible for preparing the patient for the exam, which consists
of: i) verify if patients meets the requirements in a checklist; ii) do the trichotomy; iii) puncture the
patient; iv) measure the vital signs; v) and apply serum. Still at this station, a responsibility term

must be signed. The preparation of the patient takes an average time of 25-30 minutes.

Afterwards, the patient is transferred to the Cath Room where the exam is performed, which for
primary patients is the first station. Every intervention requires the presence of three cardiologists,
one nurse, one radiology technician and one CPL technician distributed between the Control
Room and the Cath Room as described in table 8:

Table 8 Distribution of the team between the Cath Room and the Control Room to perform an

exam.
Cath Room team Control Room team
2 cardiologists 1 cardiologist
1 CPL technician 1 CPL technician
1 nurse 1 radiology technician

The processing time in the Cath Room depends of the type of procedure being performed and
should be based on times collected from the database, below described in table 9:

Table 9 Average exam duration according to the type of procedure being performed.

Exam type Exam duration (min)
Angiography 26
Angioplasty 60
Both 58

When the exam ends, patient is then transferred back to the Prep Room, waits until hemostasis
is completed and stays in recovery. The time spent in recovery also depends of the provenance
and type of procedure as shown in table 10.
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Table 10 Average recovery duration according to patient’s provenance ad type of procedure.

Provenance Recovery duration (min)
Ambulatory 1. Angiography: 240
2. Angioplasty: 80

3. Angiography + Angioplasty: 80

Inpatient (HESE) 45
Inpatient (referral hospital) 80
Primary 80

It should be noted that these durations only concern the time the patient spends recovering in the
Cath Lab consequently, outpatients who undergo an angiography stay longer in recovery since
they are discharged after a final assessment performed by a cardiologist. Hospitalized patients
who undergo an angiography continue hospitalized in their institution of provenance.
Nevertheless, all the patients who undergo an angioplasty, independently from their provenance,

continue or are hospitalized in HESE.

6.2.2.2 Validation of the conceptual model

The validation of the conceptual model was made at the time of its elaboration, as MultiSim is a
methodology developed with stakeholders and not for stakeholders. Moreover, a simulation
model is not just about indicators’ values, it must truly mimic the reaction of the system to the
different circumstances and that is why building the conceptual model with workflow key players
is so important. Therefore, the model building was supported by several groupwork sessions and
virtual meetings. These ensured the model to be in accordance with the existing system plus, in
situations for which there was little or no information in the database, it allowed elicitation and
discussion with stakeholders of what would be the most appropriate value. It should be noted that
this process was truly enriching for the relationship stakeholder-developer, as stakeholders could

better understand the methodology by participating in its implementation.

Another point that should be mentioned is that, since we built a very detailed conceptual model
in collaboration with workflow key players, the computational model would be unlikely to not be in

line with their expectations either. Thus, we guaranteed in advance the success of the next phase.
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6.2.2.3 Computational model of the existing Cath Lab system

Once the conceptual model was confirmed, it was time to, with the help of the chosen software,
Simul8, build a computational model representing the actual configuration of the Cath Lab. Simul8
is a user-friendly DES package that allowed the creation of a visual model of the Cath Lab by

drawing objects directly on the screen. The objects used are listed below ( table 11) [77]:

Table 11 Simul8 objects used in the simulation.

0 Work Items — Temporary entities that flow within the system. The work item is the

central object of the simulation, which in the current case is the patient.

Work Entry Points - This is where Work Items enter the system. It is possible to

4

- have more than one Entry Point. The way work is feed in can be controlled by
,_'/:;' different statistical distributions and labels can be associated to the work items as
) they enter. In the existing system there are four entry points, which correspond to
‘__-h the four different provenances: Outpatients, Inpatients (HESE), Inpatients (referral
oo

hospital) and Primary Patients.

Storage Bins — Place where work items wait until the necessary resources or work

-

centers are available. Storage bins allow to prioritize work items through their label
values. (For example, angiographies have priority to check-in and primary patients

have priority to enter the procedure room)

# Work Centers — Place where work is performed on the Work Items. This works

usually take time and might be performed by Resources that can either be

machines (e.g. angiograph) or workers (e.g. cardiologist). Work Centers can collect
work items from different places and give probabilities or specific routing out after

processing. (E.g. change rooms, check-in station)

Resources — These might be necessary for a certain work center to work. The

»
4
availability of resources can be controlled through the use of shift patterns. (E.g.
Cardiologists, Nurses, CPL technicians, Radiology technicians, Angiograph,
Chairs)
v Work Exit Point — Where completed works leave the system, for example, when

patients leave the Cath Lab.

63



The following scheme (figure 29) represents the simulation layout of HESEs’ Cath Lab, where one can emphasize six main processes: i) Outpatient Admission;

ii) Inpatient Admission; iii) Preparation; iv) Primary Patient Admission; v) Procedure; v) and Recovery. These latter will be described in detail thereafter.

Computational implementation of HESEs’ Cath Lab:

Outpatient Admission

Patient Preparation

v 0
: . ’hrx\‘:co'w1 ‘_l—-l ’*0"‘-01“ !
. )
ja
Inpatient Admission
]
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- r- - . ‘**h”_\i%‘mr
=1 -U—1
-_eo-

Procecse

& = W@

A

®

L

Recovery

\ |
Wok Goere 4 Wk Centre 5 © Work Centip 5
v ] 0

v Findl Assessment2 |
5 0
-e \

Recorery o \

4 0 \
Recovery 4

A 0 \
Recovery

4 0 = °

Wok Qeere 7

° \ Work Certre 8
0

= U —8

Primary Patient Admission

Figure 29 Computational implementation of HESEs’ Cath Lab (in the Simul8 DSS).
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i) Outpatient Admission

Figure 30 represents the admission process of Outpatients who enter in Work Entry Point A
according to the arrival planner. At the same time Patient enters the hospital, a procedure type is
tagged to it, according to Outpatient Distribution. Patient also is labeled as being Outpatient and
gets a unique ID number. Patient can either proceed to the Admission or leave the system in
Work Exit Point B, depending on the percentage discipline defined. If Patient proceeds, Work
Centre 1 tags the day and time of arrival to Patient and routs it out according to the type of
procedure assigned. Therefore, if Patient is going to do an Angiography goes to the Storage Bin
C, if Patients is going to do an Angioplasty go to the Storage Bin D. The next step is described
by Admission and depends on the presence of a Nurse. This station gives priority to Patients who

come from Storage Bin C, once these Patients stay in recovery for a longer time.

After Admission, the Patient may either be sent to the Blood Test, accompanied by a Nurse or an
Operational Assistant, or to the Storage Bin E to wait to change clothes, which occurs according
to a percent Routing Out. When in Storage Bin E, Patients wait until a Change Clothes (Work

Centre) and Operational Assistant are available to change clothes to then, move to Preparation.

L y X7

- C o

B .

4 R B oy @
A ] - -—; l_|:_

Q E 0

L] 2 @

N 1

Figure 30 Outpatient Admission process in HESEs’ Cath Lab (in the Simul8 DSS).

ii) Inpatient Admission

Figure 31 represents Inpatients Work Entry Points in the Cath Lab, which are two, one for
inpatients from HESE (F) and one for inpatients from referral hospitals inpatients (G). Similar to
what happened in Outpatient Admission, at the same time Patient enters the hospital, a procedure
type is tagged to it according to the Internal Inpatient Distribution and External Inpatient
Distribution, plus a unique ID number and the Patient type label (Internal Inpatient or External
Inpatient). Work Centers 2 and 3 tag the Patient with the day and time of arrival before it proceeds
to Preparation. The fictitious Storage Bin H receives Patients from F and also Inpatients whom
exam has had to be rescheduled for lack of time.
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Figure 31 Inpatient Admission process in HESEs’ Cath Lab (in the Simul8 DSS).

iii) Preparation

As it was previously explained, there are two possible routes leading Patients to Preparation
process, which is depicted in figure 32. Once in the Prep Room, Patient enters a Storage Bin and
waits until a Chair and a Nurse are available so that Preparation can be performed. After

Preparation ends, Patients are referred to the Cath Room, where the Procedures are performed.

-
i
[

Figure 32 Preparation process in HESEs’ Cath Lab (in the Simul8 DSS).

iv) Primary Patient Admission

The fourth, and last, Work Entry Point (I) introduces Primary Patients into the system, as
illustrated in figure 33. Similarly, to the other Work Entry Points, Patient is tagged a unique 1D

number, the procedure type (according to the Primary Distribution) and provenance (Primary).

Acute cases can be directed to Work Centre 7 or to Work Centre 8, depending on the hours they
enter the system. This is possible because Resource J is allocated to Work Centre 7 and is
available only during working hours which means that any Work Items that arrive after the working
hours are led to Work Exit Point K, leaving the system. The latter was defined, so that the system

would only consider cases during working hours.
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Figure 33 Primary Patient Admission process in HESEs’ Cath Lab (in the Simul8 DSS).

v) Procedure

How the Procedure is processed in the simulation model is lustrated in figure 34 and starts with
all out and inpatients flowing into the fictitious Storage Bin L. On its turn, and as refereed before,
Primary Patients were led to the fictitious Storage Bin O, to wait for the procedure. Then, and
again in order to process only patients during working hours, there is a Resource M associated
to Work Centre 4 and a Resource N associated to Work Centre 5. Resource N is available until
one hour before the closing hour, which is the limit time to start procedures. When Patient arrives
to L after that time, is directed to Work Centre 4, as Resource M is available from that time on.
When the Patient goes to Work Centre 4 is then directed to Storage Bin H, in order to be
reschedule to another day (this usually happens to Inpatients as they are the last exams of the

day).

A Patient that proceeds to Work Centre 5, can come from two routes, Work Entry Point | or
Storage Bin L. This fictitious Work Centre records the Start Time of the procedure and leads
patients to Procedure, which duration depends of Spreadsheet Procedure Duration. The following
fictitious Work Centre 6 determines the Turnaround Time and records Procedure Duration. The

next step will be the Recovery.

Figure 34 Primary Patient Admission process in HESEs’ Cath Lab (in the Simul8 DSS).
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vi) Recovery

The Recovery is shown in figure 35 and starts with fictitious Work Centre 9 directing the Patient
to a fictitious Storage Bin according to its Provenance. Therefore, Outpatients are routed out to
fictitious Storage Bin P, Inpatients from HESE are routed out to fictitious Storage Bin Q, Inpatients
from referral hospitals and Primary Patients are routed out to fictitious Storage Bin R and, any
Patient that arrives to Work Centre from 7 pm on is routed out to fictitious Storage Bin S to

guarantee that no patients stay in the lab after 9 pm.

The duration of Recovery is defined in Spreadsheet Recovery Duration, according to the type of
procedure and provenance of the Patient. In Recovery 1, 2 and 3 the Routing Out depends on
the Type of Procedure, because a Patient who underwent Angiography needs to be directed to
Final Assessment, before going to Work Exit Point U and, a Patient who underwent Angioplasty
needs to be hospitalize, going straight to Work Exit Point U. If Patient is in Recovery 4 or 5, is

because it is an inpatient and goes straight to Work Exit Point U.

U@l 5 he;

Figure 35 Recovery process in HESEs’ Cath Lab (in the Simul8 DSS).

6.2.2.4 Validation of the computational model

In the system under study, it is possible that the analysis does not start with an empty system, for
example, when the Cath Lab is not able to attend all patients of the day these are rescheduled to
the next day. Also, elective inpatients from HESE and external units might enter the system at
any day of the week and need to wait for one of the opening days. So, a way of contouring this
situation is to run the model for some time prior to starting to collect results, what is called of a
‘warm-up’ period. Therefore, the system starts empty at the beginning of the warm-up period,

though it is built up to the current state based on inputs that are continuously applied during the
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main analysis [53]. Karnon et al. (2012) states that warm-up period ‘helps validate the model by
testing whether it is able to create realistic starting conditions’ [53]. To validate and calibrate the
model one needs to set warm-up period and the results collection period. The current model uses
a one-month warm-up period, which was defined after some research and attempts turning out
to be enough for the parameters to stabilize, bearing in mind that there is not much ‘accumulated’
work from one week to another and even though there is, it does not stay in the system for more
than a week. Regarding the results collection period it was also set for a month, taking in account
the data available for comparison and aim of the model, where a month was enough to analyze
results. These times helped and were enough to conclude the model was creating accurate

conditions.

Another validation method was performed regarding for the average number of patients, from
different provenances, that enters the lab per month. Since the model of the Cath Lab was built
and run using a trial of one hundred seventy-one runs (value suggested by Simul8), for each run
of the model, a set of results was produced. From the trials one could obtain average and standard
deviations values, and therefore present the final results as Confidence Intervals (Cl) that also
inform on the reliability of the model. The current simulation used a 95% Cl for the average results
obtained from the trials, which means that 95% of Cls contain the real value. A comparison,
regarding the number of patients who attended the lab, was performed to conclude if the real
values were within the intervals returned by the model. From the analysis of the table, one can
consider the model as valid, since all model intervals, except one, include the real values in 95%
of the runs.

Table 12 Results obtained for the average number of patients, from different provenances, that

enters the lab per month. Real stands for the real values, ‘Model’ for the values obtained from the

model and ‘Variation’ for the percentage variation between the latter two.

Average Number of Patients per Month

Provenance Real Model Variation (%)
Outpatients 30,92 [30,90 ; 31,73] [-0,06 ; 2,62]
Inpatients (HESE) 25,00 [24,31 ; 25,92] [-2,76 ; 3,68]
Inpatients (Referral) 13,25 [9,24 ; 10,97] [-30,26 ; -17,20]
Primary 1,75 [1,51;1,91] [-13,71;9,14]
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One must emphasize that these were not the only validation methods applied, likewise in the
conceptual model, several meetings with stakeholders took place within the development of the
simulation, with all the inputs being validated by them. Then, once the computational model was
concluded, a groupwork session to describe all the simulation functioning, steps and values was
held and, stakeholders had space and were invited to give feedback and to propose changes to
be further integrated. The continuous work that was developed from conceptualization to
realization and visualization of the simulation model gave the model credibility and proved to
stakeholders that all inputs from previous approaches, such as interviews and decision
conferencing, were being considered. This not only creates engagement with stakeholders, but
also gives them willingness to do more and better as they were able to see and understand the

potential these decision support tools for future improvements.

Since both, objective and subjective, validations were achieved, one can confirm this model as

an accurate representation of the real Cath Lab.

6.2.2.5 Input parameters

The input parameters were defined by stakeholders in workgroup sessions and from analysis of
the available data. Table 13 lists the inputs common to all the simulated alternatives, centering

on the actual demand and capacity of the lab:

Table 13 Input parameters of all simulated alternatives and respective values.

Parameter Value
Places in the prep/recovery room | 5
Angiographs available 1
Number of change clothes boxes | 2

Planned demand 70 cases per month

Still, the simulation model also contemplates a number of variables that include:

Rescheduled Outpatients: Percentage of outpatients that have to be rescheduled for not meeting

essential requirements. According to information given by stakeholders, around 30% of the
outpatients ends up not doing the procedure on the scheduled day. Therefore, this percentage

can vary if the right improvements are made.

Blood Tests: Percentage of patients that need to do blood tests, in case they did not do them in

advance. Currently, this value goes around the 50% according to stakeholders.
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Nurse Availability: Percentage of time nurses are available for their tasks in the workflow under

analysis during working hours. Since no administrative assistant is fully dedicated to the lab,
nurses perform most of the administrative tasks, which is reflected in an 80% availability to

perform tasks that compete to them.

Administrative Assistant Availability: Percentage of time the administrative assistant is available

to perform tasks in the workflow under analysis during working hours. Since, at his moment, the
administrative assistant does not perform any task in patients’ clinical pathway, its availability is
of 0%.

Average Turnaround Time: Average duration between the exit of the preceding patient and the
arrival of the next scheduled one to the Cath Room. In the existing system this value is around

35 minutes but, according to literature and stakeholders it can surely be improved.

Weekly Training: this variable represents the weekly time spent in activities to develop the team's

capabilities. It can be represented by reducing the available time percentage of human resources

to perform tasks of the workflow and see if it affects the performance of the Cath Lab.

6.2.2.6 Definition of different improvement measures

We now propose, in table 14, organizational changes to improve the performance of the Cath Lab

regarding the KPlIs of interest.
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Table 14 Proposal of ways to improve the performance of the Cath Lab.

KPI

Patient check-in
duration

Extra time for

patient preparation

Door-to-needle time

On-time lab start

Delays due to

emergency cases

Turnaround time

Time spent on
training courses,
research and

meeting

How can the KPI be improved?

Online platform for check-in;

Full-time (from 8am to 3 pm) administrative assistant doing the
confirmation call according to a well-structured script with a
checklist;

Nurse doing pre exam confirmation calls to patients with special
needs (e.g. elderly people);

Schedule two outpatients at 8 am instead of four.

When the exam is prescribed, together with it blood analysis must
be prescribed too to be made in the hospital, so they are registered

in informatic platform;

Simplification of the pathway.

Electronic whiteboard/digital platform [76];
Start the day with an inpatient from HESE.

Electronic whiteboard/digital platform [76].

Proper allocation of responsibilities among team members [76].

Promote multitasking.

Organize weekly sessions for training courses, workshops or

discussion of different topic

Considering the proposals of table 14 and also the results obtained in the multicriteria evaluation,
three improvement measures were elaborated for the laboratory, by way of example, and are

described below. The inputs respective to these improvements are summarized in table 15.

Improvement 1 — Improve the start-up of the day

This managerial action focuses on improving the start-up of the day, not only through the
admission of a full-time administrative (from 8am to 3 pm) to assure that check-in is not perform
by a nurse, but also applying some changes in daily management and scheduling. The latter
includes start the day with an inpatient from HESE, in order to guarantee that a patient is ready

to start the procedure at 8:30 am, as with these patients a proper pre exam preparation can be
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ensured. Another change made here is to schedule two outpatients at 8 am instead of four and 2
at 10 am, for example, so that the nurses only have to prepare two patients at a time and
consequently, patients spend less time at the lab. This improvement also proposes an

enhancement of the current average turnaround times to an average of 25 minutes.

Improvement 2 — Improve pre exam assessment

Improvement 2 intends to enhance efficiency through preventing and decreasing the number of
delays caused by a defective pre exam preparation. Consequently, the current improvement
consists of i) having a full-time administrative doing the confirmation call following a well-
structured script with a checklist for patients with no special needs; ii) and a nurse doing the
confirmation calls to patients with special needs (e.g. elderly people) or even some physical
appointments to guarantee the full compliance with requirements and proper pre exam

preparation.

Additionally, to perform this improvement, it is important to allow some time for training, especially
in an initial phase to understand what the core exam requirements are and how to verify them.
Hence, the percentage of patients needing for blood tests decreases in until 70%, as well as the
percentage of rescheduled outpatients in until 66%.

Improvement 3 — Improve staff training

The third improvement is a soft approach to all the short-term targets of the Cath Lab. Therefore,
it suggests the admission of a full-time administrative assistant performing the admission of the
patients and the confirmation calls. This action also aims to improve the turnaround to an average
of 20 minutes and to introduce a weekly training session of 90 minutes that can be dedicated to
workshops, research, teambuilding activities or feedback sessions in order to enhance team
capacities. Moreover, to have better results on the daily start-up, this improvement proposes the

day to start with inpatients from HESE.

Table 15 Input parameters for Improvements 1, 2 and 3.

Improvement | Rescheduled Blood Nurse Administrative  Average Weekly
outpatients Tests Availability Assistant Turnaround  Training
Availability Time
1 20% 25%  90% 20% 25 min 0 min
2 10% 15%  80% 20% 17 min 60 min
3 15% 20%  90% 20% 20 min 90 min
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Chapter 7 Results and Validation of MultiSim

This section aims to confirm MultiSim as an effective methodology to support healthcare DMs
prioritize the implementation of managerial changes, knowing in advance their impact, in tangible
and intangible terms, in the daily efficiency of the system. Therefore, the chapter stars by
presenting the impact of the proposed improvement measures on the efficiency indicators. Then,
the multicriteria evaluation allows to quantify the value added by each of the actions to the
efficiency of the Cath Lab workflow. This culminates in a final result proposed by MultiSim. To

end, the validation of MultiSim as a decision support methodology is presented.

7.1 Results of different managerial actions using MultiSim

One hundred seventy-one replications (of one month each) of the simulation model were run for
each improvement described in section 6.2.2.6. The results are now shown in table 16 and
thereafter described.

Table 16 Impact of the improvement measures in the efficiency KPIs.

KPIs associated Existing Improvement Improvement Improvement
system 1 2 3

Patient check-in 8 min 7 min 7 min 7 min
duration

1. Efficiency Extra time for 65 min 53 min 42 min 44 min

of admission patient

process preparation
Door-to needle 187 min 125 min 107 min 109 min
time (outpatients)

. On-time lab start 35 min 27 min 29 min 21 min
2. Compliance
ith

:,(I:hedules Delays due to 2 2 2 2
emergency cases cases/month  cases/month cases/month cases/month

3. Agility Turnaround time 37 min 25 min 18 min 22 min

between

procedures

4. Human Timg spent on 0 min 0 min 60 min 90 min
training courses,

resources

g research and

training :

meetings
. Average time in 681.05 min 586.63 min 545.74 min 547.13 min
Global impact

system

Regarding ‘Patient check-in duration’, there is no way of diminishing this time, but once an

administrative assistant starts performing check-in, a nurse is available to spend those 7-8
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minutes preparing the Cath Room for the patients. When it comes to the ‘Extra time for patient
preparation’, more precisely to do blood tests, the simulation helped to realize how late a patient
might start its procedure for not having the adequate blood tests done. This demonstrates the
importance of increasing the percentage of patients coming to Cath Lab meeting all the
requirements needed to undergo the CC. Though, this parameter highly depends of the quality of
the information given to the patient and also of patient’s preparation in the days previous to exam
day. About door-to-needle time, it is true that this indicator is especially valued in acute cases
though, it should also be given more importance to it in elective cases. Door-to-needle time highly
reflects the organization of patient’s clinical pathway and can be a source to detect any
inefficiencies in the admission process. In fact, this indicator was very affected by the managerial

changes with a decrease in until 43%

The on-time lab start can really be improved by starting with an inpatient from HESE. Concerning
the delays due to emergency cases, they were a good surprise. First, because there are not as
much emergency cases during working hours as thought and, therefore, the delays caused by
these cases are few. Second, because the lab revealed to have a good response to these cases,

and the conclusion is that, at this moment, they are not a concern.

Going on to turnaround times, these represent a key challenge in efficiency of the Cath Lab
workflow. The bad performance of this indicator often results from the unavailability of
professionals required for the procedure or from internal and external communication failures (in
the case of referral hospitals). The fact is that, turnaround times are associated with all kinds of
procedure and patient so, any improvements in this indicator have impact in all cases throughout

the whole day.

Regarding the time spent on training, research and meetings, what could be emphasized here is
that, once there is an investment in the training of human resources and encouragement to the
cross-over of some tasks, workflow will become more fluid and tasks will be streamlined.
Moreover, through simulation, one could see no negative impact for Cath Lab team spending one
hour of the week in training. To conclude, the global impact of changes can be assessed through
the average amount of time the patient spends in the Cath Lab, since the elimination of little

inefficiencies all over the lab will always affect this indicator.

Looking at table 16, DMs can assume that either improvement 2 or improvement 3 are good
options, with positive effects in the KPIs of interest, but DMs could never make a grounded and
coherent decision between these two only looking at the indicator's measurements. And that is
exactly why MultiSim was proposed, to help decide which improvement measure should be
applied first considering both, the performance of the system and the value added to efficiency in
Cath Lab workflow. Thus, the final step of the decision making consisted of assigning scores to
criteria in each of the three considered improvement measures, using the performance

measurements obtained from the simulation and described in table 17.
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Table 17 Table of performances of the improvement measures in the evaluation criteria.

Efficiency of Compliance with Agility Between ~ Human Resources

Admission Process  Schedules Procedures Training
Improvement 1 Administrative 27 min 25 min 0 min
Improvement 2 Both 29 min 18 min 60 min
Improvement 3 Administrative 21 min 22 min 90 min

The performances were converted into scores with the support of M-MACBETH (figure 36) so
that, from the sum of the scores of an improvement in each criterion, considering the weight of
the latter, resulted an overall score for that improvement. And here, DMs were already able to
rationally decide between Improvement 2 and Improvement 3, as Improvement 2 had the best
overall score, meaning that this managerial adds more value to Cath Lab efficiency than
Improvement 3 and should be the first to be implemented. Thus, improved turnaround times and,

greater investment in pre exam assessment and preparation should be the next steps.

[,
&

Options Overall [Admission process|  Scheduling | Agility |  HRtraining
Imp 1 52.29 64.00 35.40 75.00 0.00
Imp 2 86.29 100.00 29.80 107.40 81.00

p 3 76.88 64.00 52.20 90.00 100.00
[allupper]| 100.00 100.00 100.00 100.00 100.00
[all lower ] 0.00 0.00 0.00 0.00 0.00

Weights : 0.2900 0.1900 0.3600 0.1600

Figure 36 Table of scores, obtained with support of M-MACBETH, of the proposed improvement
measures (in the M-MACBETH DSS).

7.2 Evaluation questionnaire and validation of MultiSim

Stakeholders and workflow key players were invited to fill an evaluation questionnaire that aimed

to:

Receive feedback about MultiSim and its applicability in healthcare context;
2. Understand if participants saw benefits in a tool, that allowed not only to see the
operational impact of improvement measures but that also helped prioritize them

according to the Cath Lab objectives.
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The answers of 10 out of the 17 participants are now presented below, in tables 18 and 19.

Table 18 Answers to the evaluation questionnaire.

Question

Answers

1.

Have you
participated in a
decision  making
regarding Cath Lab
management?

ever

® VYes
® No

2.

Have you
attended
decision
conference?

ever
a

@® VYes
® No

3.

Is decision
conference a
useful tool for
improving lab
workflow?

)

@® VYes
® No
© Maybe

4.

Do you think
Mentimeter worked
well?

® VYes

® No
© Maybe

5.

Should Cath lab
staff have more
opportunities  to
express their
views on possible
management
measures?

® VYes

® No
© Maybe

6.

Are the results
obtained regarding
the prioritization of
improvement
measures
feasible?

® VYes
® No

7.

Besides prioritizing
improvement

measures, is it
useful to know the
operational impact
of these on Cath
Lab performance?

=)

® VYes

® No
© Maybe
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Table 19 Continuation of the answers to the evaluation questionnaire.

Question Answers
8. Totally agree ‘ 1(10%)
Indicate your agreement on: ‘The decision Agree |
conference aligned opinions and created a Indifferent |0 (0%)
common sense of purpose among the team.’ Disagree |0(0%)

Totally disagree 1(10%)

0

9. 8 8 (80%)

From 1 to 5 in how much these initiatives
encourage them to improve  their | =«
performance?

1(10%) 0(0%) 1(10%)

1 2 3 4

Regarding usefulness of the decision conference to improve the functioning of the Cath Lab, the

feedback was truly positive, with participants referring aspects such as allowing to:

Optimize of tasks and detect problems;
Tackle a number of possible improvements as a team,;

Emphasize important aspects to improve individual personal performances;

w0 Db

Improve interaction between team members in an environment where everyone’s points
of view can be listened in an organized way;

Reorganize human resources and the lab through a dynamic and constructive meeting;
Generate greater acceptance to implementation of organizational changes;

Achieve a consensus in many aspects.

Concerning negative aspects, the answers can be generalized to time requirement and
management. Also, since Mentimeter is an online tool, the fact that the room did not have wireless

internet made it sometimes difficult.

To conclude, through the evaluation questionnaire, it is valid to confirm the usefulness and
acceptance of this new approach which is the MultiSim. The prioritization results were 100%
validated by participants and they also agreed with the added value of knowing in advance the
operational impact of the alternative measures. Therefore, at this point, MultiSim has either its

social and technical components approved, objectively and subjectively.
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Chapter 8 Discussion

The main aim of the current study was to test if MultiSim could be applied in complex healthcare
systems to aid managerial decision making, in this specific context, to support HESEs’ Cath Lab
improve efficiency in its workflow. Therefore, throughout the development of the study, the focus
was in obtaining a well-structured methodological framework that would allow further studies to
implement and improve it and, also get valid improvement measures to enhance efficiency in the
Cath Lab evaluated with MultiSim.

8.1 Comparison of MultiSim with the Current Literature

In the literature review the management and improvement of healthcare units was studied, with
special attention to what has been implemented in Cath Labs. Most of the reports define Cath
Lab as a complex unit due to its unpredictable and stressful days. But though one could find ways
of improving the performance of these units, there was another problem to solve, the resistance
usually offered to the implementation of new organizational measures. And from that point, the
focus was not only about improving the efficiency in the Cath Lab but, also in enhancing the
willingness and confidence of stakeholders and key players to employ managerial changes.
Therefore, the review targeted techniques that had strong social components, like MCDA and
DES as the aim of MultiSim was not to develop these models, but to create a methodology that

would combine their principles, with stress to the social approaches used by them.

MACBETH approach has been used in health sectors mostly to perform transparent prioritization
of interventions and to support rational decisions on management, though there was no report of
its application in Cath Labs. On its turn, simulation is an active area of research with a wide use
in healthcare sector and there are studies reporting its success supporting the improvement of
Cath Lab performance. Then, a literature review was performed to learn of studies that have
combined both of them for a common purpose, improve the performance of a system. But there
were few reports, what seems strange since a model that reunites features from simulation and
MCDA is a model that allows systems to be evaluated considering more than only the operational
aspects and, that turns decision making more inclusive and trustful [59]. From that point, MultiSim
was developed based on a sociotechnical approach that used multicriteria evaluation and

simulation to appraise the performance of the system regarding its improvement objectives.

MultiSim was successfully applied and there is no doubt that this framework has huge potential
in healthcare sector. It should be highlighted the impact this methodology had in the team, as key
players of the workflow participated, for the first time, in a decision making regarding Cath Lab
management. And in a team where improvement is so appreciated, this kind of approach can
only be enriching, for the consultant and the team. The feedback relative to the social component
was astonishing and, in addition, the technical component also yielded viable results that were

useful to support management members deciding the next steps to take.
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8.2 Efficiency improvement in Cath Labs

MultiSim proposed, and the team agreed, the next steps should be improving agility between
procedures and efficiency of admission process. This was achieved with an improvement
measure that invested in the efficiency of admission process even before the arrival of the patient
to the Cath Lab, which consists of avoiding all the delays caused by a defective pre exam
assessment and preparation. With that aim, it is proposed hiring a full-time administrative
assistant who performs the confirmation call following a well-structured script with a checklist.
Besides that, and considering patients in specific conditions, or with special needs, it is proposed
to be a nurse doing the confirmation call or, if needed, a physical appointment to guarantee the
compliance with requirements. Considering that the administrative assistant now performs an
extremely important task for Cath Lab efficiency, it is relevant dedicate some time for training,
especially in an initial phase to understand what the core exam requirements are and how to
verify them. Moreover, improvements in the agility between procedures are also suggested, as
this was the number one criterion of the weighting scale, and an enhancement to 18 minutes,
close to the one proposed by [76], is recommended, which results from a proper allocation of
responsibilities among team members [76]. Out of curiosity, the turnaround time of ‘Improvement
3’ was improved to 18 minutes, but even in that case, ‘Improvement 2’ continued to be the
measure preferred by Cath Lab management and workforce to improve Cath Lab efficiency. If
the Cath Lab decided to move forward and implement this managerial action, it has in the study
the arguments and objective values to support its implementation. Moreover, it already knows the
position of the workforce key players regarding it, ensuring an easier acceptance of the changes.

8.3 MultiSim: Pros and Cons

MultiSim was, as already stated, highly grounded to the principles of sociotechnical approaches,
which means that, every technical component of the approach had a strong social component

allied to it and heavily depended of it.

The first part of the approach comprehends the structuring of the challenges of the Cath Lab to
efficiency with a small group of stakeholders. Already in Phase 2 and Phase 3, the social group
increased with the inclusion of all the Cath Lab team members. Stakeholders and workflow key
players participation were a very enriching aspect of MultiSim as it addressed and included topics
that would otherwise hardly be covered in an improvement study. A clear example of that is
Human Resources Training criteria, which would probably never be considered as an important
criterion in the scope of a study that aims to improve workflow efficiency. But, having stakeholders
proposing it and further research revealed that, this criterion, difficult to simulate, was a
fundamental piece of the puzzle, representing one of the biggest challenges to a continuous flow
of tasks in the laboratory. In fact, although all elements of the team shown interest in participating
in the improvement of the Cath Lab performance, there was not a sense of common purpose.
This must be fought with organized workgroup sessions and MultiSim started the improvement of

this aspect already during its implementation.
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The success of the multicriteria evaluation was mainly due to the decision conference, an
organized workshop that was valued by the vast majority of participants who, for 3 hours, actively
participated in a constructive way. A fundamental step in this part was a clear explanation and
exemplification of the technique, and how criteria should be seen. Participants were very aligned
with the value focus thinking principles and most of the time voted thinking on the impact in
efficiency and not on what was more important to them. More criteria could have been integrated
but, considering this was a first approach to the Cath Lab and the implementation of MultiSim,
one tried to keep it as simple as possible, summarizing all KPIs of interest in four main evaluation
criteria. Also, in further applications of MultiSim a sensitivity analysis may be performed by
changing the weights of the criteria and priorities, as well as through the generation of more

improvement measures.

Regarding simulation, many limitations related to the software version made it difficult to build an
accurate copy of the real system. Though, the computational model was not the main focus of
the framework and therefore was not construct with deep detail as should in future applications.
However, this very simple model was able to mimic the real system with a sufficient level of
accuracy and achieved what was intended from it: create engagement with stakeholders and
visualize the impact of improvement measures in the Cath Lab, in a dynamic and interactive way.
In fact, the coordinator of the Cath Lab wants to make use of it to test human resources
restructuration with the new Cath room. There are still plenty aspects that need to be improved
to make this approach more embracing and reusable. To stress out that a barrier to the
implementation of MultiSim was software related, since it was not easy to implement the approach
using two distinct software tools. Also, the lack of information and of KPIs being measured was a
challenge

To conclude, MultiSim approach had to be validated not only from the perspective of DMs, Cath
Lab managers, but also from the perspective of the enterprise system, the SH ES Team.
Regarding the latter, in the business environment, creating engagement with customers can be
decisive to get their trust therefore, as MultiSim had a great focus on client engagement, the
application of this methodology truly fits the aims of the enterprise side. For the SH ES team it is
mandatory walking side by side with the customer and building solutions together, in a continuous
and innovative way. So, all the methodology was developed with concern to these requirements
and, at the end, was validated by SH ES Team as a new approach with potential to be further
used in other projects. The success of MultiSim strongly relies on the knowledge shared by the
three intervenient poles: academic, enterprise and healthcare provider. The main goal of this
study was to learn about the applicability of MultiSim in healthcare systems and this goal was
accomplished with the approval from the Cath Lab team and managers and, SH ES team.
Therefore, and not disregarding all the limitations adjacent to the used methods, at this point one
can say that MultiSim is a valid decision support methodology to support improve efficiency in the
Cath Lab.
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Chapter 9 Conclusion

The MultiSim approach does not necessarily indicate the best decision to make, but it aids DMs
in process improvement and to prioritize interventions according to their short-term goals.
Therefore, this approach comes as a support tool to promote coherent and grounded decision
making within complex systems, like the Cath Lab. The social component is the strong and the
key feature of MultiSim, since it is not limited to engaging with stakeholders, but with a wider
group of participants, which include daily key players in the Cath Lab workflow. The participatory
methods used in this approach, promoted improvement even during model building by creating a
sense of common purpose and giving collaborators the opportunity for them to participate in the

improvement of the system.

Regarding the employed techniques, simulation have already proved to be great to, in a dynamic
and visual way, show the impact of managerial changes in a system. But even though its animated
attributes help create engagement with the user, the lack of collaboration, during its development
does not create the same engagement in practical terms, when it comes to perform the changes.
This is, one can come over to stakeholders and present them an awesome simulation model, with
an incredible performance but, is that achievable or is it just an appealing model to show off?
Simulation is a great tool, though it can only evaluate alternatives as viable or not viable, since it
does not contemplate intangible aspects of the systems. And here is when MultiSim arises as a
solution, where multicriteria evaluation acts as an extension of simulation, allowing this approach
to go beyond performance measures. Therefore, through the interaction between model
developers and users/customers, MultiSim was able to, between different viable options advise

on the ones that better fitted the concerns of the Cath Lab.

The most relevant improvements to the agility between procedures, require a proper allocation of
responsibilities among team members [76], and enhancement of the efficiency of the admission

process through a better pre exam assessment and hiring of a full-time administrative assistant.

To stress out that MultiSim revealed itself as a tool that adds value to decision making in
healthcare contexts, from enterprise systems (providers) and DMs (users) point of view. The
participatory methods allowed efficiency improvement to begin right with the implementation of
the model, as a cohesive team aligned in the same direction is the first step towards an efficient
system. Therefore, for HESE, this approach was very helpful to create a sense of common
purpose among the team and mitigate some conflicts of interest it was facing. The SH ES team
also saw in MultiSim a way of enhancing relationship with customers and truly valued the capacity
of this model in showing customer results in advance, in a cost and timeless way. For all the
aforementioned, MultiSim arises as an inclusive and innovative approach to decision making, that
goes beyond the financial aspects and that considers the perspective of workflow key players,

creating not only a better place to receive care but also to daily delivering it.
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