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Abstract: Hospitals are faced with pressure to improve their patient’s clinical pathways and to involve hospital stakeholders in such
improvements. This work aimed to develop a novel approach to assist IPO-Lisboa health professionals in improving hospital path-
ways, combining a simulation model with value-based healthcare instruments. For this purpose, a socio-technical approach was
developed in which a discrete event simulation model is integrated with a multicriteria evaluation model built with the MACBETH
method. Regarding the social component of the approach, different hospital stakeholders, namely physicians and administrative
staff members, participated in the construction and validation of the models developed. The models helped simulating the pathways
taken by breast cancer patients from their first consultation to the performance of surgeries, as well as analyzing how it is possible
to generate added value improvements to the pathways. Through the application of this approach, it was analyzed not only the
current breast cancer pathway but also the impact of improvement actions on the pathway. Subsequently, and considering the view
of different healthcare professionals, it was possible to reach a consensus on which improvement actions have the highest value for
money. Moreover, discussions and reflections concerning possible ways to implement those actions were promoted. Participants
provided positive feedback regarding the approach, suggesting its potential use in future studies, for instance in combining clinical

pathways from different pathologies.
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1. Introduction

According to the International Agency for Research on
Cancer, breast cancer is the most common type of tumor in
women and the second most frequent worldwide [1]. In 2018,
about 2.1 million new cases of breast cancer were recorded,
and more than 626 thousand deaths occurred worldwide. In
Portugal, in that same year, more than 6800 new cases of breast
cancer and around 1700 deaths from this cause were identified
[2]. Time is known to be a critical factor for breast cancer pa-
tients, as delays in detection, diagnosis, and treatment can lead
to decreased survival and lower probability of curative treat-
ment.

Thus, health professionals are under daily pressure to im-
prove healthcare delivery, that is, to make improvements along
the pathways that patients pass through. Also, it is important to
note that oncological pathways are particularly complex, as
they involve many processes, multidisciplinary teams, and re-
quire combinations of different health technologies [3]. Further
to organizational and efficiency issues, pathways need to be
aligned with the delivery of value-based healthcare (VBHC),
taking into account the impact on patients and the views of hos-
pital stakeholders. In this way, the delivery of care must in-
volve coordination and collaboration across professionals, a
shared accountability for optimizing health, continuous rela-
tionships with patients over time, and the delivered care should
be centered on patients and tailored to their needs, preferences
and concerns [4].

IPO-Lisboa is considered a national reference center in the
delivery of healthcare in the oncological area [5]. Moreover, it
is an institution that is concerned with constantly updating the

clinical pathways of its patients to improve their experience in
the hospital environment. In this way, it becomes necessary to
use tools capable of modeling hospital pathways, analyzing
them, and understanding how these processes can be improved.

Simulation techniques are widely used in several areas,
such as industrial management and manufacturing, when it is
intended to model and analyze a complex process [6]. Further-
more, the current proliferation of the utilization of simulation
models in the field of medical research and healthcare service
management is evident [6]. This growth has happened due to
the capacity these models have in addressing complex prob-
lems, allowing to evaluate the efficiency of the practices used
in the management of healthcare delivery, as well as carrying
out analyzes that compare different situations, where it is pos-
sible to identify bottlenecks existing in hospital pathways, dis-
cover approaches capable of reducing waiting times, improv-
ing the usage of human resources and equipment involved [6].
However, to implement changes to clinical pathways, it is nec-
essary to take into account the opinion of health professionals,
as well as to use instruments to consensualise the value, which
wrongly is not a very common practice [7]. These health pro-
fessionals are those who choose the most attractive improve-
ments to be implemented, that is, those that have the highest
value. Thus, it is necessary to create tools to be used in deci-
sion-making processes, which need to be able not only to
model the hospital processes that are intended to be improved
but also to discover how added value is generated.

This work aims to develop methods for assisting the deci-
sion-makers (DMs) of IPO-Lisboa to improve hospital path-
ways, more specifically the pathways used in the delivery of



healthcare to breast cancer patients. Also, it has the objective
of combining clinical pathways modeling with VBHC instru-
ments so that IPO-Lisboa can identify value-based improve-
ments in the delivery of care.

In this study, a novel methodological approach was devel-
oped that uses the combination of two techniques: one used for
pathways modeling and the other for value modeling. For the
pathways modeling task, the discrete event simulation (DES)
method was used [8], and for the value modeling task, a mul-
ticriteria decision analysis (MCDA) approach was applied: the
MACBETH method [9]. This technique has the potential to de-
velop an evaluation model based on qualitative judgements and
to support complex decision situations, and allows considering
the multiple criteria that are relevant in the decision-making
process. In the specific case of this study, it was possible to
build multicriteria evaluation models that reflect how value is
generated by IPO-Lisboa activities from the point of view of
different health professionals.

2. Literature review

Clinical pathways can be defined as structured and multi-
disciplinary care plans that detail the essential steps in provid-
ing care for a patient who has a specific clinical problem. These
plans aim to build the link between the best evidence available
and clinical practice, providing recommendations, processes,
and frameworks for the management of medical conditions or
specific treatments with optimized clinical outcomes, which
maximize clinical efficiency [10]. They describe the complete
journey of a patient and not only the contribution of each inde-
pendent specialty sector. Thus, they prevent the management
of patients from becoming chaotic and inconsistent, contribute
to reduce length of stay and hospital costs, improve the com-
munication between team members, and enable health profes-
sionals to make their individual decision when justified, as
there is always variability among patients.

On the other hand, the pathways should be centered on pa-
tients [11]. However, the idea behind patient-centered delivery
care is difficult to integrate into a patient’s entire journey since
there is a wide range of clinical pathways. Furthermore, the
pathways involve different stages and sectors, the services in-
volved are diverse, the diseases are complex and with hetero-
geneous outcomes, besides the multiple treatment strategies.

Considering what is currently done in the development of
clinical pathways, it is, therefore, possible to highlight some
factors that are lacking and that need to be considered so that
they would be more patient-centered, and able to integrate the
VBHC concept, aiming to improve the quality of care by meas-
uring outcomes that reflect value. In this way, the following
recommendations can be made [12]: (1) engagement of pa-
tients with health providers and with developers of clinical
pathways; (2) improved interoperability and integration be-
tween the pathways’ IT infrastructures and patients’ electronic
medical records to facilitate communication between patients
and providers; (3) improvement in the integration between
pathways and monitoring of outcomes or evaluation of effec-
tiveness, accuracy, quality, and appropriateness of the care de-
livered to patients.

Thus, it is important to build a bridge between classical
methods used to model the clinical pathways in order to im-
prove them, being aligned with the delivery of VBHC. Thus,
to realize how value is added to a healthcare system, health
stakeholders have to be active participants to discover their ob-
jectives, concerns, and preferences.

2.1. Simulation methods to model clinical pathways
Simulation techniques can be utilized for clinical pathways
modeling, namely DES. This is a method of simulating the be-
havior and performance of a real-life process, having been cur-
rently applied in healthcare services [8]. Moreover, DES is a
modeling approach that has a stochastic nature, being quite
suitable for queuing network systems, where state changes oc-
cur at discrete points of time. The entities that populate the
model move stochastically along with the queuing system and
activities, whose durations are sampled from probability distri-
butions. Lorenz & Jost (2006) stated that it can capture “detail
complexity” [13], “the system behavior that results from the
possible combinations of many random processes, coupled
with the system structure, leading to interconnection effects”.
DES models are those that stand out the most, being cited
as “the most powerful and intuitive tool for the analysis and
improvement of complex healthcare systems” [14]. However,
depending on the complexity of these systems, further analysis
may need to be performed about their behavior. These systems
can involve many elements and variables that interact with
each other simultaneously, and therefore, it is necessary to ob-
serve and evaluate several decision criteria, which deal with
multiple objectives [15]. Thus, another decision support meth-
odologies can be incorporated, as is the case of MCDA, ex-
panding the capacity of DES, and thus creating a decision sup-
port system (DSS) that combines these two methodologies.

2.2. MCDA in healthcare systems

MCDA is a structured DSS technique used to deal with
problems, in which multiple and complex criteria influence the
decision process, allowing the visualization of the logical/ra-
tional structure of the problem, representing and quantifying
the importance of its elements, relating them according to the
general objectives, and allowing the execution of tradeoff stud-
ies [15]. Several studies use this approach to successfully ad-
dress highly complex problems, which have multiple objec-
tives. Oliveira et al. (2012) built a multicriteria model, using a
socio-technical approach, where decision conferences and the
MACBETH method were used to choose which programs
should be invested by healthcare centers in Portugal. Also, it
was taken into account the existence of a limited budget to
cover such programs. In this study, it was possible to conclude
which programs should be funded, that is, which are the ones
that present a cost-benefit ratio that fits with the objectives of
health centers, and that respect the financial constraints [16].

2.3. Combining DES with MCDA

Considering the aspects observed in this literature review,
it is possible to conclude that different techniques are suitable
to use when clinical pathways are attempted to be modeled.



However, the literature does not provide many studies where
MCDA is combined with other Operational Research and Man-
agement Science methods [17]. Furthermore, it was possible to
conclude through the previous sections that while DES is a tool
that discovers alternatives that fit in a satisfactory way with the
needs of users, MCDA allows quantifying the importance of
the multiple elements, which are part of the different alterna-
tives [15]. In this way, it should be seen as an integral part of
problem-solving methodologies. For example, combining sim-
ulation with MCDA allows to obtain the performance of a

system in different situations and also to convert this perfor-
mance into value scores. Moreover, this integration enhances
greater engagement with the final user.

3. Methodological approach

This section presents the methodological approach devel-
oped to complete the objectives of this article, combining two
different techniques. Fig. 1 illustrates the main three steps that
constitute this methodology. It is important to note that each of
its steps includes a technical and a social component.
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Fig. 1. Methodological approach steps. Each step of the methodological approach includes a technical and a social component.

3.1. Studying clinical pathways of IPO-Lisboa

Firstly, if the objective of this study is to create tools to
improve the clinical pathways used in breast cancer healthcare
delivery, they need to be studied. Through exploratory inter-
views with physicians and administrative staff members, it is
possible to discuss the current situation of the pathways. Fur-
thermore, as a way to understand which are the positive and
negative aspects, data from previous projects should be exam-
ined. Thus, and with the participation of different stakeholders,
it is possible to realize how to improve the delivery of care at
this hospital.

3.2. Pathways modeling, using DES method

Then, a simulation model needs to be created for modeling
the clinical pathways. In this way, it is possible to identify
which are the points that need to be improved and understand
how changes in elements of this process impact the entire sys-
tem [14]. Frequently, healthcare DMs use subjective infor-
mation provided by staff members, providers, and other stake-
holders so that decisions are made in order to improve hospital
processes. However, changes made both at the structural level
and at the level of processes, are attempts to improve the cur-
rent system, which can often be demonstrated costly in terms
of time and capital.

In this sense, DES emerges as a valuable tool, as it is a
low-risk and low-cost method to develop strategies, test as-
sumptions, and observe potential outcomes. Thus, DMs can
use computational methods and make decisions before their
implementation [14].

Regarding the social component presented in this step of
the approach, different stakeholders must participate in order

to collect the necessary data for the construction of the model,
as well as its validation. Also, it must be discussed with them
how the clinical pathways could be enhanced, through the pro-
posal of alternative improvements.

When a system is modeled using a DES approach, this pro-
cess contains the following steps [8]: (1) defining objectives
for the simulation; (2) process mapping; (3) data collection and
analysis; (4) constructing the base simulation model; (5) sen-
sitive analysis with simulation scenarios; (6) results analysis;
(7) designing and planning decisions.

3.3. Value modeling, using the MACBETH method

In the health sector, decision-making is usually a complex
task that involves confronting tradeoffs between multiple ob-
jectives, which can often be conflicting [18]. In this sense, it is
crucial to develop models capable of measuring the value of
the options involved in the decision-making process to dis-
cover which of them are the most attractive for the DMs. Thus,
it is necessary to build a multicriteria decision model, which is
based on the fact that different concerns can be grouped into a
single model, in an understandable and flexible way, in which
its construction includes the collection of qualitative judge-
ments [19]. This type of approach allows the simplification of
a complex problem into several smaller ones, which are ana-
lyzed independently and then integrated into a global analysis.

Also, an MCDA has a social component. Firstly, it is very
important to develop a clear description of the problem at
hand, defining which are the objectives of the DMs, by doing
interviews with them [19]. Then, it is necessary to carry out
meetings that count on the participation of key players who
wish to solve important problems that are occurring in their



organization. These meetings are attended by a facilitator, an
expert in decision analysis, who works as a consultant of the
process, using a model that has relevant data, which were col-
lected in a first phase, as well as judgements created on-the-
spot, which assist the DMs to be able to think more clearly
about the problems at hand [18].

Through this procedure the individual or group multicrite-
ria evaluation models are created. To build individual models,
structured interviews are conducted, allowing to solve the
problem rapidly and efficiently. On the other hand, decision
conferences must be carried up when group models are in-
tended to be built, enabling a greater sharing of knowledge and
opinions to make higher quality decisions with a higher degree
of acceptance [20].

Regarding the technical component of an MCDA, it is nec-
essary to use a method capable of responding to the problems
at hand. As it is referred to in the literature, a popular method
to perform this type of analysis is MACBETH (Measuring At-
tractiveness by a Categorical-Based Evaluation Technique)
[16]. Bana e Costa et al. (1994) described this as an interactive
approach that requires only qualitative judgements on the part
of the DMs in order to measure the attractiveness of the exist-
ing options in the decision process [21]. For the application of
this method, it is required to use a user-friendly software
named M-MACBETH, which allows the implementation of
the entire multicriteria model. By using this software, for each
time the judgements are expressed, their consistency is veri-
fied automatically, suggesting changes that must be made in
the judgement matrix when inconsistencies arise [15].

The MACBETH is a non-numerical method that generates
numerical scores based on the qualitative judgements of the
DMs. For each criterion, its value score is multiplied by its
weighting coefficient. By aggregating this multiplication in an
additive way to all criteria, an overall score is calculated for a
given option, which reflects its attractiveness for the DMs
[19]. The weighting coefficients, k;, allow each partial value
unit, v;, to be converted to a global value unit, V. Then, one
can mathematically determine the global value for each alter-
native, a, through the following additive model:

V(a) = Xj-1 kjvi(@), M

where V(a) represents the overall value of option a, v;(a) the
partial value of option a in terms of criterion j and k; is defined
as the weighting coefficients of criterion j [19]. The additive
value model must meet the following conditions:

jo1k; =1land k; > 0 with j = (1,2, ...,n);
vj(targetj) =100, Vj
17 (current state]-) =0, V; 2

V(target overall) = 100
V(current state overall) = 0

To develop a multicriteria model, is necessary to identify
the factors that interfere with DMs’ choice, defining and clar-
ifying the criteria considered relevant, which are also named
Fundamental Points of View (FPV) [19].

For each criterion, a descriptor of performance must be as-
sociated or constructed so that the criterion becomes intelligi-
ble [9]. This descriptor consists of a set of impact levels, or-
dered by preference, and serve to objectively describe the im-
pacts of alternatives concerning a criterion, which can be done
either quantitively or qualitatively. Moreover, the model also
uses two reference levels for each descriptor, representing the
“target” that DMs want to achieve, and the “current state” of
performance [19].

After defining the criteria and their descriptors of perfor-
mance, and by using the M-MACBETH software is possible
to obtain value functions and weighting coefficients, which
must be validated and adjusted by DMs [9].

3.4. Combining pathways modeling with value modeling

By using a simulation technique (namely the DES) to
model hospital pathways, it is possible to obtain alternative
improvement measures. On the other hand, with this infor-
mation, the multicriteria model is able to assess the impact of
improvement measures on the criteria that are considered. Ba-
sically, from the outputs of the simulation model, inputs are
obtained for the multicriteria model, which will be able to
identify which improvement alternatives are most attractive to
the stakeholders involved in the study.

The combination of these techniques is responsible for
promoting discussion and reflection about the different per-
spectives of improvement. Also, it is crucial to highlight that
the feasibility of implementing the improvement actions must
be analyzed to complete the decision-making process.

The implementation of this methodological approach (par-
ticularly its second step) in the case study will be presented in
the next section.

4. Implementation of the methodological approach

4.1. Pathways modeling

In this study, the objective is to model the clinical path-
ways traveled by breast cancer patients at IPO-Lisboa, using
the DES method to create a simulation model. Thus, it is nec-
essary to complete several steps in order to develop this model
correctly. Through this model, it is possible to analyze the im-
pact caused by changes in the pathways when improvement
alternatives are simulated.

4.1.1. Process mapping

Having in mind the objectives of the model development,
it was necessary to map the process that was going to be sim-
ulated. Through interviews with different stakeholders
(namely, 5 physicians and 3 administrative staff members), it
was possible to realize there was a particular interest in ana-
lyzing the clinical pathway in a specific time interval, that is,
from the first consultation at the multidisciplinary breast clinic
(MBC) to the performance of the surgery.

As was discussed with the different physicians and admin-
istrative staff members involved in this study, the provenance
of the patients who enter this pathway can be diversified. For
instance, they can be referred from healthcare centers to this



hospital for the first time, or they can already be IPO-Lisboa
patients. However, the different origins of the patients were
not considered, being defined that all of them begin the clinical
pathway with the first consultation at the MBC, followed by a
biopsy (at the radiology service). After this first exam, patients
are submitted to three different exams: MRI and CT, both per-
formed at the radiology service, and bone scintigraphy, per-
formed at the nuclear medicine service. During the perfor-
mance of these exams, patients also need to attend subsequent
consultations so that physicians at the MBC can assess the sit-
uation state of these patients.

After all these exams and subsequent consultations, a sur-
gical decision consultation (SDC) is carried out. This consul-
tation aims to decide whether the patient will undergo surgery
or not. According to data provided by IPO-Lisboa, in 2018,
69.9% of patients underwent surgery after SDC, with the re-
maining 30.1% beginning to start neoadjuvant chemotherapy
treatment before any surgery. It should also be noted that these
two alternatives are the result of the choice of a multidiscipli-
nary team from the MBC in order to adapt the clinical pathway
to the patients’ needs. For the purpose of the simulation model,
neoadjuvant chemotherapy was considered as an exit point
from the analyzed process since the main objective of the path-
way modeling was to examine the journey from the first con-
sultation until the surgery was performed.

4.1.2. Data collection and constructing the simulation model

To build and run the simulation model, it was then neces-
sary to collect data to populate it. Thus, interviews were con-
ducted with healthcare professionals from the MBC, the radi-
ology service, and the nuclear medicine service. The data col-
lected were all from 2018, which were the following: (1) num-
ber of breast cancer patients who traveled through the path-
way; (2) number of physicians who performed consultations at
MBC; (3) number of consultations performed by a given phy-
sician at MBC; (4) number of exams performed per day; (5)
waiting time for scheduling exams and waiting time for ob-
taining their results; (6) number of surgeries performed per
month; (7) percentage of patients who underwent surgery after
SDC; (8) waiting time between the first consultation and the
SDC, waiting time between the SDC and the surgery, and wait-
ing time between the first consultation and the surgery (aver-
age and maximum values).

Fig. 2 illustrates how the model layout was implemented
in the SIMULS8 software, which represents the pathway of
breast cancer patients at IPO-Lisboa. Through this user-
friendly DES package, it was possible to create a visual model
of this pathway by drawing different objects directly on the
screen. Once the activities are carried out in different hospital
services, three colored rectangles have been drawn, delimiting
the main services.
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Fig. 2. Computational implementation layout of the breast cancer patients’ clinical pathway at IPO-Lisboa, using SIMULS.

4.1.3. Validation of the simulation model

After constructing the simulation model, it is necessary to
proceed with its validation. Thus, it was run to simulate the pe-
riod of one year, more specifically the year 2018. However, at
the beginning of the simulation, the system is empty, which
does not correspond to reality, as this was not the opening year
of the hospital. Thus, a warm-up period of 90 days was used
since this is the average time a work item takes to go through

the entire system. Therefore, the use of a warm-up period helps
the model to be calibrated, creating realistic starting conditions
[8].

When running the simulation model, the results summa-
rized in Table 1 were obtained. It is observed that the waiting
times between the first consultation and the SDC, the waiting
times between the SDC and the surgery, and the waiting times
between the first consultation and the surgery are very similar



to the times recorded in the real system when both the average
values and the maximum values are compared.

Thus, it was possible to validate the simulation model since
it is able to produce a very approximate representation of the
real situation. These results were also presented to the stake-
holders involved in the study, all of whom have revealed a high
level of confidence about the built model. In this way, when
using it to simulate hypothetical alternatives, one has the con-
fidence that the obtained results can, in fact, represent a hypo-
thetical reality [14].

Table 1. Comparison between data from the real situation at IPO-Lisboa and
outputs of the simulation model.

Real Situation Simulation
Number of patients 1468 1475
Number of days btw. first consulta-

tion and SDC (avg.) o1 52.19
Number of days btw. first consulta-

tion and SDC (max.) 68 62.38
Number of days btw. SDC and sur- 46 16,57
gery (avg.)

Number of days btw. SDC and sur- 74 79.33
gery (max.)

Number of days btw. first consulta- 103 95.56
tion and surgery (avg.)

Number of days btw. first consulta- 134 13776

tion and surgery (max.)

4.1.4. Simulation of improvement alternatives

After the construction of the simulation model, the objec-
tive was to observe what would be the impact caused by hypo-
thetical improvements in breast cancer patients’ clinical path-
ways. In this sense, the different stakeholders involved in the
study considered that the fundamental points of change were
associated with three aspects: (1) decreasing the minimum
waiting time to obtain the biopsy results; (2) increasing the
number of MRIs performed per day; (3) increasing the number
of surgeries performed per month.

4.2. Value modeling

This study aims to create methods that assist the DMs of
IPO-Lisboa in decision-making processes. As these are com-
plex processes with multiple criteria, the construction of an ap-
propriate multicriteria decision model is necessary [18]. In this
section, it will be presented the stages that have been completed
in order to develop this model correctly, using the MACBETH
method. It is also important to note that this is an approach with
a strong social component, thereby involving different stake-
holders for constructing the multicriteria model. Exploratory
interviews with healthcare professionals (namely, 5 physicians
and 3 administrative staff members) were conducted for struc-
turing the problem, defining the criteria and the descriptors of
performance. On the other hand, two individual multicriteria
decision models were built, one for a physician and the other
for an administrative staff member. In this way, to calculate the
value functions and the weighting coefficients, a web-based
platform was used to collect the qualitative judgements of the
health stakeholders, and structured interviews were conducted
to adjust and validate the models.

4.2.1. Structuring the problem and defining the criteria

The reason behind the need to develop a multicriteria deci-
sion model is due to the fact that it is important to build tools
for assessing how value is generated by the IPO-Lisboa activi-
ties, highlighting the healthcare services delivered to breast
cancer patients during their journey to surgery. In this way,
several interviews were carried out with healthcare profession-
als, namely physicians and administrative staff members, to
understand their fundamental points of view when it comes to
answering the question “How value is generated by the IPO-
Lisboa activities?”. Essentially, it was sought to obtain the nec-
essary information in order to define the criteria of the mul-
ticriteria decision model. The interviews have addressed only
topics to explore, not being restricted to a questionnaire with
answer options to fill out. This approach is in accordance with
the concept of value-focused thinking, originating conversa-
tions with stakeholders, in which they share their objectives
and concerns. Thus, besides trying to understand how value is
generated by the IPO-Lisboa activities, these interviews have
also tried to comprehend how healthcare delivered to patients
can be improved, as this is an institution that always considers
patients as the center of their concerns [21].

The definition of these criteria was based on the fact that
different stakeholders have considered as essential that the de-
livery of healthcare services might be accessible to all patients
and that the improvement of patients’ quality of life is one of
the major objectives of the work carried out in this institution.
Moreover, the services provided by IPO-Lisboa acquire greater
value when their activities are performed efficiently. In the
case of this study, breast cancer patients need to undergo sev-
eral exams during their journey. Therefore, from the point of
view of the stakeholders, it is important to perform these exams
as soon as possible, without patients waiting for long periods.
Also, the exam results must be obtained in a short period so
that patients are not blocked in the system.

4.2.2. Descriptors of performance

For each of the criteria, it was necessary to associate or
build a descriptor to measure its performance so that the criteria
are operational. Moreover, in each descriptor, two reference
levels were defined, essential to obtain the weighting coeffi-
cients. The choice of these levels was made based on the fact
that the “current state” level represents the current situation in
all criteria and the “target” level represents the level that the
different health stakeholders intend to achieve, considering it
as a satisfactory level of performance [19].

Thus, for the criterion named “Access to diagnosis”, the
number of days between the first consultation and the SDC was
used to describe performance. To measure the performance of
the criterion named “Access to surgery”, the number of days
between the SDC and the surgery was used as the descriptor.

For the “Quality of life” criterion, a descriptor of perfor-
mance was built, which was based on the fact that it is consid-
ered that when patients perform their diagnoses and surgeries
within the recommended time intervals, there is a possibility of
increasing their quality of life. Thus, when the waiting time for
diagnosis and surgery is within this range of values, negative



consequences for patients are not brought, in the short, and
long term. However, this is just a proxy that has been used
since measuring patients’ quality of life is a difficult task in the
context [22]. Also, many healthcare professionals, due to their
high experience and long years of monitoring multiple patients
with heterogeneous characteristics, may not always agree with
these values that are recommended by national and European
organizations [23].

For the criterion named “Efficiency in performing exams”,
the number of tests that need scheduling for their performance
was used as the descriptor. This number can vary between 0
and 4, once breast cancer patients perform four exams during
their journey to surgery. In this way, it is possible to analyze
how many tests possess a waiting list associated with its per-
formance, being that the absence of particular scheduling re-
veals that the number of performed exams is sufficient to cover
the hospital’s needs, that is, it is sufficient to cover the number
of patients who need to perform that exam.

Finally, for the “Speed in obtaining exam results” criterion,
the number of days required to obtain the biopsy results were
used as a descriptor. During the interviews within the scope of
understanding how added value is generated by IPO-Lisboa ac-
tivities, the health stakeholders have reported that this is the
only exam with an excessive waiting time associated with the
obtention of the results, and therefore, it is the only exam to
consider when measuring the performance of this criterion.

4.2.3. Constructing individual multicriteria models

After completing these steps, the multicriteria model is
structured, following its construction. In this study, it was con-
sidered interesting to understand the perspectives that different
types of health stakeholders had about the developed value
tree. Thus, two individual models were built, one for a physi-
cian and the other for an administrative staff member. By de-
veloping individual multicriteria decision models, some disad-
vantages of group decision models are not faced, namely the
fact of being a time-consuming task and group work conflicts
that can arise [20]. Thus, with different individual models, the
problem can be solved rapidly and efficiently, and different
opinions and points of view are also considered.

To collect the judgements in a quick and simple way, a
web-based platform developed on Google Forms was created,
which presented all the questions necessary for developing the
multicriteria decision model, allowing participants to answer
when it was most convenient for them. The platform has two
parts: one with questions necessary for making possible the cal-
culation of the value functions, and another to calculate the
weighting coefficients for each criterion. After this process, the
resulting value functions and weighting coefficients were pre-
sented to DMs so that they could validate them, making adjust-
ments when necessary [15].

After obtaining all the value functions and weighting coef-
ficients, the model is prepared to be used, that is, it is possible
to acquire the overall score of an option after inserting its per-
formance in the M-MACBETH software [19]. In the context of

this study, these options correspond to improvements that can
be made in breast cancer patients’ clinical pathways, and some
of their parameters correspond to the performance obtained by
using the simulation model built.

In the next section, the results obtained when combining
these two models will be presented, where the outputs of the
simulation model are used as inputs of the decision model.

5. Results

5.1. Results of the methodological approach

As described in the previous section, the simulation model
is able to measure the impact caused by changes in the system.
In this way, it was discussed with the stakeholders which are
the main points that need to be analyzed in the breast cancer
pathways, in order to improve them.

Table 2 presents the performance of these improvement
proposals when compared to the simulation of the current situ-
ation, that is, the situation corresponding to the year 2018. This
table presents the time intervals between the first consultation
and the SDC, the waiting time between the SDC and the sur-
gery, and the time interval between the first consultation and
the surgery. All these outcomes are exposed both on average
and in their maximum values. The table contains the input pa-
rameters of the improvement measures.

After analyzing all the improvement proposals’ perfor-
mance, it is important to make a decision about which one gen-
erates more value from the perspective of the stakeholders, re-
membering that the breast cancer patients’ pathway must be
aligned with the delivery of VBHC. In other words, it is time
to combine pathways modeling with value modeling. In this
part, it was verified that some of the physicians considered that
the involvement of administrative staff members is more ben-
eficial in what concerns the decisions that must be made re-
garding the choice of the improvement actions.

By using the M-MACBETH software, the performance of
each option is converted into a score, which corresponds to the
sum of the scores associated with each criterion, considering
the weight coefficients previously calculated. Thereby, a table
is obtained that presents the overall score for each of the seven
improvement options.

In this study, as two individual multicriteria decision mod-
els were built from the point of view of two DMs, belonging to
different categories at IPO-Lisboa, two tables are obtained with
the overall scores of each improvement proposals, as depicted
in Fig. 3 and 4.

It is possible to observe that, as the two multicriteria deci-
sion models built based on the qualitative judgements of the
two DMs are different, the overall scores calculated for each
improvement proposal are also different in both cases. How-
ever, it can be seen that when ordered by their overall score in
a decreasing way, the sequence of the seven improvements is
the same in the two cases (Imp 7; Imp 6; Imp 5; Imp 3; Imp 4;
Imp 2; Imp 1), and a consensus has been reached.



Table 2. Impact of the improvement measures in terms of some performance indicators: the number of days between first consultation and SDC, the number of days
between first consultation and surgery, and the number of days between SDC and surgery. For each alternative improvement it is also presented the input parameters
of the simulation model: minimum waiting time to obtain the biopsy results, number of MRIs performed per day, and number of surgeries performed per month.

. Current
Performance Indicators Situation Imp. 1 Imp. 2 Imp. 3 Imp. 4 Imp. 5 Imp. 6 Imp. 7
st _
Number of days between 1 consulta 52.19 48.41 4152 37.52 52.19 48.41 4152 37.52
tion and SDC (avg.)
st _
Number of days between 1 consulta 62.38 58.23 43.63 39.75 62.38 58.23 43.63 39.75
tion and SDC (maximum)
Number of days between SDC and 4657 47.69 53.47 54.78 11.01 11.01 15.64 15.65
surgery (avg.)
Number of days between SDC and 79.33 79.86 95.18 96.33 12.99 13.07 2113 20.91
surgery (max.)
st _
Number of days between 1% consulta 95.56 92.85 95.56 92.75 63.21 50.42 58.15 54.16
tion and surgery (avg.)
st _
Number of days between 17 consulta 137.76 134.11 137.84 134.24 73.81 69.65 63.61 59.41
tion and surgery (max.)
. . Current
Simulation Input Parameters Situation Imp. 1 Imp. 2 Imp. 3 Imp. 4 Imp. 5 Imp. 6 Imp. 7
Minimum waiting time to obtain the
. 1 1 1 1
biopsy results 0 days 6 days 0 days 6 days 0 days 6 days 0 days 6 days
curr. curr. 2x(curr. 2x(curr. curr. curr. 2x(curr. 2x(curr.
Number of MRIs performed per day number number number) number) number number number) number)
Number of surgeries performed per curr. curr. curr. curr. 1.4x(cur. 1.4x(curr. 1.4x(curr. 1.4x(curr.
month number number number number number) number) number) number)

‘ Table of scores

Weights

0.2500

.00
0.2000

0.2700

.00
0.1300

0.1500

Fig. 3. Table of scores of the proposed improvement alternatives, obtained in
the M-MACBETH software, when the qualitative judgements were provided

by a physician.

Weights

0.3100

0.2700

0.1900

0.0800

0.1500

possibility to make only two changes to the input parameters

T e e — of the activities considered?”. Here, the intention is to find out
— =2 which improvement has a higher overall score when there is a
— 2 constraint in the number of actions that can be taken simulta-
e neously. In this case, option 6 would be the most attractive, that
Teruet | 100,00 is, doubling the number of MRIs performed per day and in-

creasing the number of surgeries performed per month by 40%.
Therefore, an improvement action would be taken in one activ-
ity that occurs before the SDC and in another that occurs after
the SDC. Furthermore, it is observed that, if it were only pos-
sible to put into practice one of the improvement actions, the

"L:'f N T T T T x| most attractive option would be improvement 4, as among op-
melmo em e 0-00 0-00 | 10000 tions 1, 2, and 4, this is the one with the highest overall score.
o2 e gs.00 ] —e0.10 o Interestingly, in this improvement, none of the parameters of
et EX ss.00] 1617 ° the activities that occur before the SDC would be modified.
imp 7 58.07 s.09 | 130.c¢ 0 It is also important to note that a more detail analysis of the

B oo | o oo %0 2.00 o.00 results can be made in future applications, performing, for in-

stance, a sensitivity analysis by changing the weights of the
considered criteria, as well as through the creation of more im-
provement proposals.

Fig. 4. Table of scores of the proposed improvement alternatives, obtained in
the M-MACBETH software, when the qualitative judgements were provided
by an administrative staff member.

5.2. Workshop with health stakeholders

The combination of the two techniques allows for under-
standing which improvements are most attractive from the
stakeholders’ point of view. However, to complement the de-
cision-making process, it is essential to realize how the sug-
gested actions can be implemented and how feasible they are.

During workshops where the results of the approach devel-
oped were shown, healthcare professionals have reported that
the decrease in the minimum waiting time for obtaining biopsy
results and the increase in the number of MRIs performed per
day can be achieved by increasing the number of human re-
sources or equipment. Nevertheless, increasing the number of
equipment is often a solution associated with expensive costs,
thereby performing better management of human resources is

The results obtained allow to understand which actions are
the most attractive to be taken, promoting the discussion, or
even negotiation between the different DMs involved about the
next step of the decision-making process.

Improvement 7 is the one with the highest overall score,
and therefore, it is the most attractive to implement. Neverthe-
less, this is also the improvement that requires a greater number
of actions so that it can be put into practice once it presents
changes in the input parameters of the three main points of the
pathway, where problems are detected. It is also important to
bear in mind that there may be constraints about the number of
actions that can be taken simultaneously.

Through this decision model, it is possible to answer the
question: “What is the most attractive option, if one has the



the best solution. This can be done through incentive systems,
increasing the productivity of existing human resources, or hir-
ing new professionals. Both of these solutions entail costs for
the institution. However, it was pointed out by administrative
staff members that the best strategy is always to increase the
productivity of existing human resources since the intake of
new professionals is associated with training programs, once
many times these new resources may not possess the required
level of expertise.

On the other hand, through the decision model, it was pos-
sible to analyze that the increase in the number of surgeries
performed is the operation that must be executed first if there
is a constraint of put into practice only one action. To this end,
it was determined by the stakeholders involved in the study that
there is a need to increase the number of blocks available for
breast cancer patients. Although they can bring negative con-
sequences for other IPO-Lisboa pathways or include expensive
costs, there are three different ways to achieve this increase in
the number of surgeries performed: (1) decreasing the number
of blocks assigned to non-priority patients of other pathways;
(2) improving the management and planning of activities per-
formed at the hospital; (3) increasing the number of rooms of
the operating theater.

During the realization of this study, changes in the hospi-
tal’s infrastructures were already happening. Hence, this in-
crease in the number of rooms was being put into practice, fore-
casting a major improvement in the services provided by the
hospital, adding value to them.

6. Discussion

Hospitals are complex systems, where their professionals
deal daily with situations of pressure given the unpredictable
environment and the high patients’ expectations regarding the
quality of the healthcare delivery.

In the case of IPO-Lisboa, there is then an attempt to find
ways to continuously improve the clinical pathways of this in-
stitution, adding value to them. Therefore, it is necessary to im-
prove the value of the activities that cancer patients undergo
throughout their pathways, keeping in mind that these are pa-
tients who travel their journeys over a long period of time, deal-
ing with situations of stress and anxiety. For both them and
healthcare professionals, it is not just the final result that must
be taken into account when trying to improve the hospital path-
way. Intermediate activities are also part of this process. Thus,
by adding value to the hospital's activities, it becomes possible
to add value to the care delivered to patients.

On the other hand, some resistance may arise from
healthcare professionals regarding the implementation of im-
provement actions. Consequently, it is necessary to find strate-
gies and use approaches that involve actively multidisciplinary
teams that are part of these complex systems. In this way, it
becomes possible to include different points of view, which are
important in the decision-making processes.

6.1. Positive points of the methodological approach
The methodological approach developed allowed, when
modeling clinical pathways, to identify the main bottlenecks

and to analyze the main aspects that need to be enhanced. Also,
it was possible to assess the impact of alternative changes in
the parameters of the activities to improve this process. Thus,
the construction of a simulation model, although not being fa-
miliar to healthcare professionals, left them very enthusiastic,
as it presented itself as a tool with high potential to analyze the
impact of hypothetical organizational changes in the pathways
traveled by patients.

Moreover, the fact of this tool has been implemented in a
dynamic and interactive software that allowed the graphic vis-
ualization of its functioning, through an animation of the pa-
tients’ flow, contributed to their engagement.

By using the methodology, it was possible not only to
gather improvement proposals but also to discover which ones
have added more value to the activities of the institution, that
is, which ones have presented themselves as being more attrac-
tive from the point of view of the stakeholders involved in the
decision-making process. Thus, the importance of the strong
social component allied with the technical component must be
emphasized, which allows the information collected to be more
complete, that there is a greater diversity of points of view, and
a higher level of acceptance is reached, as the perspectives of
the different stakeholders are considered to make a higher qual-
ity decision.

During the value modeling task, a value tree was struc-
tured, which captures the fundamental points of view that must
be considered when trying to evaluate how it is possible to gen-
erate additional value to the IPO-Lisboa activities. Thus, the
information collected during several interviews, in which the
objectives, values, preferences, and concerns of the different
stakeholders were identified, is organized in a visually intuitive
way, facilitating its understanding.

When the simulation model and the multicriteria decision
model were combined, it was promoted discussions and reflec-
tions regarding the different points of view, as well as it was
analyzed how it is possible to implement the improvement ac-
tions, understanding how feasible their execution is.

In a nutshell, the use of the developed methodological ap-
proach allowed to complete the objectives of the proposed
work, building a tool to assist the DMs of the IPO-Lisboa in
decision-making processes that focus on improving clinical
pathways, being aligned with the delivery of VBHC.

6.2. Limitations and points to improve

It was noted that there was a lack of familiarity on the part
of some health stakeholders regarding the use of simulation
models and multicriteria analysis. Thus, there were some initial
doubts and hesitations concerning the implementation of the
methodological approach. However, it was verified that all par-
ticipants possessed a strong enthusiasm to learn, an aspect that
allows overcoming this limitation.

In this study, only the clinical pathways of breast cancer
patients were considered. Nevertheless, many of the activities
of this journey are points where pathways of other pathologies
intersect. Thus, this analysis can be considered as a piece of the
puzzle that is the healthcare delivery system of the IPO-Lisboa,



which presents different clinical pathways with transversal ac-
tivities that share resources among themselves.

Regarding the value modeling, only two individual mul-
ticriteria decision models were built, which ended up present-
ing similar responses when ordering improvement proposals
according to their attractiveness. Therefore, the involvement of
a small number of participants, although belonging to two dif-
ferent categories, was a limitation.

7. Conclusions

All the models developed during this project were vali-
dated by the different participants, who emphasized a particu-
lar interest in applying simulation models capable of analyzing
the impact of changes in parameters of the activities that con-
stitute the clinical pathways. Also, through their different per-
spectives, it was possible to understand how value is generated
by the IPO-Lisboa activities, remembering that this is an essen-
tial concern of the healthcare professionals, as this is a hospital
with a patient-centered attitude. Thus, when adding value to the
pathways’ activities, value is also added to the care delivered.

The novel approach developed constitutes a contribution to
the literature since there is a gap in combining simulation meth-
ods with MCDA, which must be seen as an integral part of
problem-solving methodologies. In the case study, through the
simulation model, it was possible to discover the main bottle-
necks existing in the breast cancer patients’ pathways, from
their first consultation to the surgery. Moreover, this model en-
abled the investigation of the impact caused by hypothetical
changes in this system. By combining this model with the mul-
ticriteria decision model, it was possible to determine that
value is added when improvement actions are integrated.

Concerning future work, it is possible to highlight the par-
ticular interest in integrating clinical pathways of different pa-
thologies in simulation models. However, it is important to
keep these models simplified so that the collection of the nec-
essary data to populate them is performed in a timely manner,
and the analysis of the results is not too complex. Furthermore,
the collaborative approach can be improved through the partic-
ipation of a greater number of stakeholders. Besides individual
decision models, group models can also be developed, allow-
ing a greater sharing of knowledge and opinions to make higher
quality decisions. In this case, techniques such as the Delphi
method can be used to handle conflict management [24].

In a world subject to constant and unpredictable changes,
it is crucial to adopt quick and effective measures capable of
improving and adding value to the hospital pathways, which
are journeys taken every day by a wide range of patients.
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