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ABSTRACT

In the last two decades, there has been an exponential increase in healthcare costs due
to technological advances and innovations in the field. As a result, hospitals have had to
implement management strategies to control costs while maintaining the quality of care
provided.

In response to this challenge, the Value-BasedHealthmethodology has emerged. This
approach aims to achieve the best healthcare outcomes at an optimized cost. Given the
complexity and variety of activities in hospitals, financing surgical procedures has be-
come a significant challenge. Therefore, the primary objective of this dissertation is to as-
sess the cost of the value chain in otorhinolaryngology surgery using the Activity-Based
Costing methodology.

After processing and analyzing the provided data, we were able to establish and ex-
amine the clinical pathway of the selected group of patients. Subsequently, we calculated
the costs associated with this pathway and conducted a detailed analysis.

The activity-based costing methodology allowed us to determine the costs associated
with each patient’s clinical pathway and surgery. It also helped us identify the resources
and activities that contribute most significantly to the overall cost.

With the results obtained, the Hospital can standardize clinical practices, promote
more sustainable resource utilization, negotiate value-based payment models, and en-
hance the quality of outcomes and cost-effectiveness in pediatric otorhinolaryngology
surgery.

Keywords: Value based Healthcare, VBHC, Activity-based costing, ABC, Hospital man-
agement, Value chain costing

Saúde baseada em Valor, Custeio baseado em atividades, Gestão Hospital, Custeio da
Cadeia de Valor

The research work described in this dissertation was carried out in accordance with
the norms established in the ethics code of Universidade Nova de Lisboa. The work de-
scribed and the material presented in this dissertation, with the exceptions clearly indi-
cated, constitute original work carried out by the author.
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RESUMO

Nas últimas duas décadas, tem se vindo a observar um aumento exponencial dos custos
nos cuidados de saúde devido aos avanços tecnológicos e a inovação na área. Como re-
sultado, estratégias de gestão para controlar os custos, sem comprometer a qualidade dos
cuidados prestados, tem vindo a ser aplicadas em meio hospitalar.

Como resposta a este desafio, surgiu a metodologia de Saúde Baseada em Valor. Esta
abordagem visa alcançar os melhores resultados de saúde com um custo otimizado. De-
vido à complexidade e variedade de atividades hospitalares, o custeio dos procedimen-
tos cirúrgicos revela-se um desafio. Deste modo, o objetivo principal de estudo desta
dissertação é custear a cadeia de valor da cirurgia de otorrinolaringologia utilizando a
metodologia de Custeio baseada em Atividades.

Após o processamento e análise dos dados fornecidos, foi possível estabelecer e exa-
minar o percurso clínico do grupo de pacientes selecionados. Posteriormente, calculamos
os custos associados a este percurso e conduzimos uma análise detalhada.

A metodologia de custeio baseado em atividades permitiu obter os custos associados
ao caminho clínico e à cirurgia de cada paciente, bem como apurar os custos de cada uma
das áreas assistenciais ao caminho clínico, identificando os recursos e as atividades que
contribuem de uma forma mais significativa para o custo global.

Com os resultados obtidos o Hospital pode padronizar práticas clinicas, promover
uma utilização de recursos mais sustentável, negociar modelos de pagamento baseados
em valor e melhorar a qualidades dos resultados e a relação custo-eficácia na cirurgia de
otorrinolaringologia em idade pediátrica.

Palavras-chave: Saúde baseada em Valor, Custeio baseado em atividades, Gestão Hospi-
tal, Custeio da Cadeia de Valor

O trabalho de investigação descrito nesta dissertação foi realizado de acordo com as
normas estabelecidas no código de ética daUniversidadeNova de Lisboa. O trabalho des-
crito e o material apresentado nesta dissertação, com as exceções claramente indicadas,
constituem trabalho original realizado pelo/a autor/a.
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1
INTRODUCTION

This chapter presents an introduction to the dissertation in order to better understand
the issues behind the topic ”Activity-based Costing in the Pediatric Otorhinolaryngology
Surgery Value Model”.

1.1 Background

The Value-Based Healthcare (VBHC) methodology has emerged as the most recent and
relevant approach in the future of healthcare management within the healthcare industry
(Teisberg et al., 2020). Literature indicates that VBHC encourages healthcare providers to
deliver patient-centred care of the highest quality, aligningwith patient needs, at a certain
cost (Porter & Lee, 2013).

In the realm of costing methodologies, several approaches are employed to assess
costs in hospitals. This project marks the initial step in applying the VBHC methodology,
focusing on the study of Activity-based Costing (ABC) as a value costing methodology.
The primary objective is to explore this costing methodology as a means to calculate the
costs associated with pediatric otorhinolaryngology surgery.

The collaboration of biomedical engineering and the ABC methodology offers a pow-
erful toolset for enhancing patient outcomes, evident in the production and creation of
devices, including tablets andwearables, for accuratelymeasuring data related to the out-
comes established by patients (Dueck et al., 2015). It entails analyzing the costs of medical
devices, designing and developing cost-effective technologies, optimizing resource allo-
cation, and elevating the overall quality of care. According to researchers, by integrating
these methodologies into their practice, healthcare providers can deliver patient-centred
care that is not only of the highest quality but also efficient, effective, and sustainable
(Porter & Lee, 2013).
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CHAPTER 1. INTRODUCTION

1.2 Context and Motivation

Over the past two decades, the world has witnessed an upward trend in healthcare costs.
This upward trend can be attributed to a multitude of factors, including the ageing of the
population, the introduction of expensive medical technologies, the growing incidence
of chronic diseases such as diabetes, cancer, and heart disease, and the increased cost of
medication (Dieleman et al., 2017).

In the European Union, healthcare costs as a percentage of Gross Domestic Product
(GDP) increased by an average of 1.5% per year between 2000 and 2016. The European
Commission reported that in 2016, the average expenditure on health in the European
Union as a proportion of GDP was 9%. According to Eurostat, healthcare expenditure
in Portugal as a proportion of GDP increased from 6.5% in 2000 to 9.5% in 2019, which
represents an average annual increase of 0.33 percentage points over the 19-year period
(Eurostat, 2023).

The evidence shows that an increase in costs necessitates a healthcare financing ap-
proach focused on outcomes, shifting from volume to value (Stamm et al., 2021). This
requires the adoption of refined and up-to-date costing methodologies, which becomes
imperative for enhancing resource efficiency and the overall quality of healthcare pro-
cesses (Tarzibashi & Ozyapici, 2019).

When it comes to pediatric otorhinolaryngology, the field plays a vital role in address-
ing and improving a wide range of critical conditions affecting children. In the United
States of America, about half a million children have a myringotomy, a procedure that
relieves the pressure in the middle ear, when they suffer from repeated Otitis media with
effusion (OME) (Rosenfeld et al., 2022). OME may result in hearing impairment, which
can hinder the child’s linguistic and behavioural growth (Cao et al., 2006).

Furthermore, the widespread occurrence of adenoid hypertrophy, affecting 34.5% of
children in the United States (Z. Geiger, 2023), and tonsillitis, which is estimated to ac-
count for 5% of repeat visits to healthcare facilities in Portugal (Northwest Surgery Center,
2023), highlights the centrality of these pathologies in pediatric care. In instances of air-
way obstruction caused by enlarged adenoids or recurring tonsillitis, tonsillectomy and
adenoidectomy procedures are carried out, with an estimated 400,000 of these surgeries
being performed annually in the United States (Boston Children’s Hospital, 2023).

According to the studied Hospital, a private hospital in Portugal, 350 pediatric otorhi-
nolaryngology surgeries are performed annually, namely adenoidectomies, septoplas-
ties, myringotomies, tympanomastoidectomies, turbinectomies and tonsillectomies. Not
only does otorhinolaryngology address these acute conditions, but it also plays a crucial
role in preserving, restoring, and improving hearing, voice, tasting, smelling, swallow-
ing, and breathing, adding value in several crucial dimensions for the development of
the child and its manifestation in the society (Robert J, 2003).

2



1.3. OBJECTIVES AND PROBLEMS

Given the high prevalence and significance of this speciality in child development, em-
pirical evidence emphasizes that an advanced costing system not only yields greater pre-
cision in outcomes but also provides a robust foundation for informed decision-making
(Tarzibashi & Ozyapici, 2019).

1.3 Objectives and Problems

The study of ABC as a costing methodology underscores the necessity for a precise and
accurate cost analysis throughout the entirety of a patient’s journey. It should also furnish
pertinent information for assessing the quality and value delivered to the patient.

Thus, the goal of this master’s thesis is to analyze the value chain of otorhinolaryn-
gology surgery in the pediatric age group using the costing methodology based on the
activities. Analyzing the costs associated with the various activities carried out through
the pathway, namely, the costs of activities throughout the process is essential to under-
stand at what cost we deliver certain results to patients.

Given the paramount significance and pertinence of process management in the spe-
ciality of otorhinolaryngology - ENT, particularly in the context of pediatric care, the se-
lection of this topic for themaster’s thesis in biomedical engineering provides a significant
contribution to the enhancement of healthcare delivery within a hospital environment.
The thesis covers a range of critical aspects, including process analysis, data analysis,
sustainable utilization of biomedical equipment, adherence to safety guidelines, and ef-
fective management of clinical guidelines. By addressing these crucial factors, the thesis
aims to enhance the quality of care provided to pediatric patients in otorhinolaryngol-
ogy, ultimately leading to better patient outcomes and improved overall health service
delivery.

This assignment is intended to identify, calculate, and ensure that healthcare out-
comes are delivered at a specific cost, following a specific care guideline. The devel-
opment of this mechanism and process will allow the evaluation of the expense varia-
tion throughout the patient’s journey, a fundamental process for implementing a VBHC
model.

3
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2
STATE OF THE ART

This chapter, presents the methodological and conceptual underpinnings that consti-
tute the basis upon which this dissertation is constructed. Begins with the Value-Based
Healthcare (VBHC) model, dissecting its theoretical framework, practical applications,
and significance within the healthcare landscape. Then an explanation of costing meth-
ods and activity-based costing methodology, with a primary focus on their adaptation
and utilization in the context of healthcare systems. At the end of the chapter, the spe-
ciality of otorhinolaryngology is briefly presented.

2.1 Value-Based Healthcare

Due to rising health costs and the continued aspiration to deliver the best health out-
comes, Porter and Teisberg have launched a new model centred around the ongoing im-
provement of patient outcomes. Value-based Healthcare (VBHC) intends to reorient the
healthcare system, relating care costs to obtain a given outcome for the patient (Porter &
Teisberg, 2006).

Research has exhibited that by correlating costs with outcomes across the various el-
ements of the optimized patient care pathway, the VBHC determines the added value
for the patient. By prioritizing value and focusing on results, it is possible to increase
efficiency and quality of service, while reducing costs (Caleb Stowell & Akerman, 2015).
According to the literature, in terms of the value added for the patient, i.e., faster recov-
ery or lower costs, the model shifts its focus from the treatment itself to the outcomes that
matter most to the patient in the healthcare process, in terms of capabilities and comfort
(Teisberg et al., 2020).

In this way to implement VBHC, it is necessary to rigorously measure both costs and
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outcomes. This measurement should include the entire course of treatment for a spe-
cific medical condition, from diagnosis, treatment, and subsequent follow-up (Kaplan &
Porter, 2011).

To obtain a better outcome measure, in addition to the clinical data collected by the
hospital regarding patient outcomes, such as survival rates, treatment duration and com-
plications, Patient-Reported Outcome Measurements (PROMS) are collected to provide
valuable feedback to clinical, as well as an insight into the patient’s perspective on their
health status (Squitieri et al., 2017). PROMS include their ability to perform daily activ-
ities following the therapeutics, any discomfort experienced, and the durability of their
recovery (Churruca et al., 2021). The function of abilities incorporates the ability to live
independently or maintain the functional level and long-term consequences of therapy.
Health status involves mortality rate, pain level achieved, functional level, ability to re-
turn to work, physical and psychological disorders during the treatment process (Cella
et al., 2015).

The sustainability of recovery encompasses the patient’s quality of life post-treatment,
as well as their daily experience living with a chronic condition or long-term illness (Bele
et al., 2019). The process of recovery also involves the time to begin treatment, return
to physical activities, or time to return to work. It also includes the disutility of care,
regarding diagnostic errors, ineffective care, discomfort, complications, delays, and anxi-
ety (Cella et al., 2015). With a view to implementing VBHC, PROMS were collected from
patients with lung cancer, and changes were subsequently applied to the process that
allowed increasing the value of the patient’s treatment chain (Bouazza et al., 2017).

The outcomes measurement in addition to being necessary to determine the value,
needs to be standardized to obtain a solid and rigorous basis for comparison (Churruca
et al., 2021). The criteria for outcome measurement can be defined by the hospital or the
healthcare providers can resort to International Consortium for Health Outcomes Mea-
surement (ICHOM) for the outcome set by a medical condition, and the best practices to
outcome data collection and reporting (ICHOM, 2023).

Studies revealed that payment models stand as pivotal pillars within the realm of
VBHC, wielding significant influence over how healthcare providers are remunerated
for the delivery of care (Leao et al., 2023). Literature mentions that some payment mod-
els used nowadays are global capitation and fee-for-service, which incentivize cost con-
tainment or encourage healthcare professionals to amplify service volumes but do nott
account for the value provided to the patient. Moreover, these reimbursement models
lead to duplication, complex and inflated healthcare expenditures, limiting the flexibility
of innovation, with new services and products (Wang et al., 2021).

Current research notes new reimbursement systems with bundled payments can in-
centivize providers to manage their costs more strictly and increase patient outcomes.
The bundled payment covers the full care cycle for a specific medical condition or pri-
mary and preventive care for a defined patient population, linking the payment to the
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effective management of a patient’s condition. Providers advantage from enhancing effi-
ciency while preserving or improving outcomes (Navathe et al., 2021).

An example of a bundled payment applied in Sweden for hip and knee replacements,
where 3.2% of the cost back and was paid only if the provider met the outcome goals,
leading to added follow-up visits, education and earlier physical therapy, the decreased
by 20% of complications and revisions, and the declined of 17% of the surgical procedure
in 3 years (Mewara et al., 2023). These agreements impose financial accountability upon
providers for the results achieved within the specified patient segment and medical con-
dition, concurrently affording them greater autonomy in decision-making and the chance
to partake in risk and reward arrangements (Mewara et al., 2023).

According to Kaplan and Porter (2011), the biggest problem in healthcare provision is
that measurements have been taken for the wrong things and in the wrong manner. To
calculate the costs for a given service, it is crucial to consider the level of organizational
maturity to implement the costing method that best suits it and that allows an accurate
cost measurement system.

Cost measurement is relevant to the complete cost measurement in the total cycle of
treatment for amedical condition, including clinical and administrative human resources,
medications, biomedical equipment, and facilities (Leusder et al., 2022). Several costing
methodologies have been used to increase the value delivered in healthcare, including
ABC.

2.2 Activity-based Costing Methodology

To correctly measure costs, hospitals need a practical and precise accounting system. The
accounting system that is chosen depends on the maturity of the organization. Its imple-
mentation and continued optimization of costing methods, data collection, and systems
must be balancedwith the level of precision and cost measurement desired (International
Federation of Accountants, 2013).

Due to the high costs of economic assessment, many health organizations still have a
very rudimentary accounting system, the bare minimum of financial reporting require-
ments (Carroll & Lord, 2016). That said, thematurity of the accounting system is based on
two primary principles. The first relates to the capacity of resources to produce outputs,
products, services, and customers effectively reflecting the correlation between demand
and supply. The second reflects the nature of the cost when resources are consumed. An
accurate costing methodology allows us to understand how demand relates to supply,
and how costs behave with consumer relationships and allows for better visualization,
analysis, planning, and decision-making (World Health Organization, 2023).

Costing methods have two essential points:

• The degree of disaggregation, in which resources and cost components are mea-
sured: This can be micro-costing, where resources are very detailed cost centres
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(e.g., patient consumables), ormacro-costing,where resources are viewed at a higher
level of aggregation (e.g., energy costs) (Raftery, 2000).

• Themethod of evaluating resources and cost components: This can be top-down, in
which overall expenses are distributed to a specific group of activity, or bottom-up,
which first classifies the resources used by individual patients, and then evaluates,
using unit costs to obtain the totals (Olsson, 2010).

Researchers mention that the most prevalent methods in healthcare studies are top-
down micro-costing and top-down macro-costing. In the bottom-up approach, it is not
possible to calculate all costs, as in general costs it is difficult to understand the amount
spent by each patient (Špacírová et al., 2020).

In bottom-up costing, information on resources is gathered for every patient, whereas
in the top-down costing method, data is collected at the level of the organization (Cun-
nama et al., 2016).

The Volume-based Costing (VBC), a top-downmacro-costing approach, distribute in-
direct costs to cost objects (such as hospital services or units) using a single metric (such
as working hours, prescriptions, or number of patients) (Špacírová et al., 2020). This is a
popular and straightforwardmethod to execute but produces unreliable results (Popesko
et al., 2015).

The top-down approach calculates themean expenses of a set of products and services
in an organization over a given period (Mastrogianni et al., 2021). ABC, a top-downmicro-
costing method, accurately assigns indirect costs to final products based on the weight of
resources used to obtain the products. Indirect costs are assigned to activity centres and
then followed to cost objects bymultiplying the rate of the activity driver by activity usage
(Cooper & Kaplan, 1991).

ABC achieves a substantial enhancement in the precision of standard production,
product, and service line costs by meticulously tracing both direct and indirect expenses
to outputs, in accordance with the causality principle. This approach provides valuable
insights into the actual cost practices, offering a clearer picture of cost realities (Alrashdan
et al., 2012).

To implement the ABC method, two or more tasks or operations are defined for the
specific cost centre or work centre, and accounting expenses are tracked directly to these
work activities. Resource drivers, such as time, machine hours, or supplies, are used
to allocate expenses to work activities. The added accuracy created with this method
is primarily derived from the cost assignment consumption relationships (International
Federation of Accountants, 2013).

In the ABCmethod, all activities or transactions that generate expenses are identified,
and a particular cost driver is established for each activity. The cost activities are subse-
quently assigned to cost objects based on their corresponding cost driver. To calculate the
total cost of each cost object, the total costs are first divided into direct and indirect costs
(Cossio-Gil et al., 2022).
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Direct expenses are the costs that a business directly bears in order to manufacture a
product or offer a service, or to purchase a bulk product for the purpose of reselling it.
An example of direct costs in hospitals includes medical supplies and equipment, labora-
tory tests, and surgical supplies. Indirect costs in hospitals include support expenses that
are required to maintain the direct costs. For instance, expenses associated with techni-
cians needed for equipment maintenance (such as diagnostic medical devices and patient
beds), administrative and support staff, and utilities and facilities expenses (Azoulay et
al., 2007). Overall, the ABC method offers an effective approach for hospitals to identify
their costs with significant accuracy, which can lead to more informed financial decisions
and efficient allocation of resources.

Based on Cao, Toyebe and Akasawa (2006), there are n indirect activities 𝐴𝑖 (𝑖=1,…n),
that correspond to a total of cost 𝑋𝑖 of activity 𝐴𝑖 , and 𝑚 cost objects 𝑂 𝑗 (𝑗=1, …m). The
indirect costs 𝐶𝑖 𝑗 can be calculated by allocating a component of 𝑋𝑖 to the object 𝑂 𝑗 based
on the cost driver 𝐷𝑖 . In this context, each activity corresponds to a cost driver. The
complete amount of cost driver 𝐷𝑖 𝑖 𝑠 partitioned into a sub-volume for each cost object,
𝑑𝑖 𝑗 .

Figure 2.1: ABC Cost Accounting Method (Cao et al., 2006)

The indirect cost to be allocated to 𝑂 𝑗 from 𝑋𝑗 , 𝐶𝑖 𝑗 , is obtained the next equation:

𝐶𝑖 𝑗 = 𝑋𝑖 ∗
𝑑𝑖 𝑗
𝐷𝑖

(2.1)

And the total indirect cost 𝐶(. 𝑗) , allocated to 𝑂 𝑗 , is:

𝐶(. 𝑗) =
𝑛∑
𝑖=1

𝐶𝑖 𝑗 (2.2)

An example similar to the one given byCao, Toyebe andAkasawa (2006), is to calculate
an indirect cost of the medication administration unit 𝑂 𝑗 in the nursing department. It
is assigned the activity “medications administration” 𝐴1 and the driver “the number of
medications administered”𝐷1. The, 𝑑1 𝑗, which is part of𝐷1, is the number ofmedications
administered by the nursing department.
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The application of ABC cost accounting method has been providing a more precise
understanding of the consumption of indirect and shared expenses and helps to identify
activities that enhance the value of the end product or service (International Federation
of Accountants, 2013).

2.2.1 VBHC and ABC in Healthcare

Value-based Healthcare (VBHC) has been increasingly applied in different specialities
and procedures within the healthcare industry, resulting in improvements in efficiency
and market competitiveness. Additionally, they uphold the ethical principle of utilizing
healthcare resources in a responsible manner (Porter & Lee, 2013).

This model has been applied to various health conditions, such as heart failure, with
a focus on illness and disease management and prevention (Joynt Maddox et al., 2020).
In Switzerland, VBHC was studied in the treatment of sarcoma patients to improve the
quality of patient care and services, as well as reduce costs and increase transparency for
stakeholders.

A study conducted on hip joint replacement surgery in cases of osteoarthritis exem-
plifies the use of VBHC principles to calculate the added value in various treatments and
costs, ultimately leading to an increase in the quality of healthcare (Gabriel et al., 2019).

Moreover, VBHC was applied in chronic disease management, with a study in dia-
betes showing its usefulness inmonitoring glucose levels and providing a patient-centred
approach (Wickramasinghe et al., 2019).

In the field of oncology, value-based healthcare has been applied to the treatment
of breast cancer and lung cancer. In breast cancer treatment, the collection of PROMS
was crucial in implementing the value-based approach. This method resulted in better
treatment outcomes compared to routine clinical care (Van Egdom et al., 2019).

Despite its complexity in implementation, the ABCmethodology has also been tested
in the field of health, specifically in the area of radiotherapy. A study was conducted to
evaluate the costs and found that the majority of expenses are attributed to human re-
sources and equipment, with treatments being the primary consumption of costs. The
ABC method has been deemed practical to implement, providing an effective way to ex-
amine the cost structure of the department and make necessary modifications (Lievens
et al., 2003).

In Turkey, a study was conducted using the ABC costing methodology. This study
aimed to enhance financial planning, improve the quality of pathology examinations, and
enhance cost control (Yarikkaya et al., 2016).

In Kashani Hospital, a cross-sectional studywas conducted utilizing the ABCmethod
to determine the unit costs of medical services, the cost price of occupancy beds per day,
and the cost per outpatient service. The ABC method demonstrated more precise data
regarding the primary cost components, offering a valuable accounting system that grants
genuine insight into the organizational costs of their department (Javid et al., 2015).
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A study employing the ABCmethod to assess the costs associatedwith Schizophrenia
has uncovered the total annual cost per patient and drawn conclusions regarding the fac-
tors contributing to cost escalation. The use of ABC has proven to be an effective approach
for estimating costs compared to prevalence-based methods (Latorre et al., 2021).

An economic evaluation was conducted in the COVID-19 dedicated Intensive Care
Unit (ICU), utilizing the ABC method. The findings revealed that the most significant
factor contributing to direct costs was human resources, and the ICU experienced sub-
stantial losses during the COVID-19 pandemic. This study underscores the importance
of hospital economic analysis and cost assessment as essential measures to mitigate costs,
enhance productivity, and improve resource management (Rahimi et al., 2023).

A study examining the costs associated with testing in a clinical chemistry laboratory,
utilizing ABC, has revealed that high-volume and automated tests have lower unit costs.
This study concludes that ABC offers valuable insights for identifying tests with high
average costs, thereby enabling optimization measures (Declerck et al., 2021).

Outcomes and ABC cost analysis have exhibited in robotic lung resection programs
that total direct costs, including direct supply costs, median total operating costs, and total
unit support costs, are closely correlated with the length of stay. This correlation suggests
that process changes can lead to cost reductions while improving outcomes.(Coyan et al.,
2022).

In Portugal, both traditional ABC and Time-driven Activity-based Costing (TDABC)
methods have been employed in healthcare (Borges et al., 2010). A noteworthy example
of TDABC, a simplified version of ABC, the application was the cost analysis of phar-
maceutical services in community pharmacies. The findings revealed that TDABC was a
powerful tool for identifying the costs of various activities linked to pharmaceutical ser-
vices, such as medication dispensing, counselling, and communication with healthcare
professionals. The research also indicated that a significant amount of time was spent
on non-value-added activities, such as waiting times, which could be minimized through
process improvements (Gregório et al., 2016).

In summary, the VBHCmethod and its application throughABC as a costingmethod-
ology have improved efficiency, productivity, and quality of patient care, and helped
identify cost drivers and waste areas in healthcare delivery. They have also allowed for a
more accurate measurement of costs and a patient-centred approach to healthcare.

2.3 Pediatric Otorhinolaryngology Surgery

Otorhinolaryngology is a medical speciality dedicated to the diagnosis and treatment of
disorders affecting the ears (oto), nose (rhino), and throat (larynx) systems. This speciality
encompasses evaluations of pediatric patients from newborns to, but not including, 18
years of age, as well a range of pathologies and procedures (Arnold Coran et al., 2002).

Among the numerous pathologies, the most frequent in pediatric patients include
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deafness, sleep problems, tonsillitis and recurrent otitis, hoarseness, and nasal obstruc-
tion (Teisberg et al., 2020). Deafness, induced by issues of the nasal and tonsils, is often
the cause of difficulties in linguistic development, social interaction, environment engage-
ment, and learning difficulties (Fernandes, 2021). Sleep disorders can range from simple
snoring, typically caused by adenotonsillar hypertrophy (from adenoids and tonsils), to
insomnia and sleep apnea, seen in up to 34.5% of children (Z. Geiger, 2023).

In children, the most frequent infectious pathology includes recurrent tonsillitis, af-
fecting up to 15% to 30% of children every year (Stelter, 2014), and otitis media, with a
prevalence of 80% in children (Danishyar & Ashurst, 2023), and which can have adverse
effects on hearing and result in repeated doses of antibiotics and school absenteeism.

Hoarseness (dysphonia) is another problem that can affect children and young people
and may be associated with vocal effort and changes in the vocal cords. Nasal obstruc-
tion, a common condition in children, can cause breathing difficulties and result inmouth
breathing, which in some cases can lead to dental problems and facialmalformations (Fer-
nandes, 2021).

The most common surgical procedures in pediatric otorhinolaryngology include ton-
sillectomy (removal of tonsils), adenoidectomy (removal of adenoids), myringotomy (re-
lief of pressure in the middle ear), septoplasty (straightening of the nasal septum), tym-
panoplasty (repair of eardrum holes), ossiculoplasty (reconstruction of the middle ear’s
ossicular chain), and mastoidectomy (removal of infections and growths in the mastoid
bone) (Northwest Surgery Center, 2023).

These procedures are performed to address various conditions such as chronic or
severe tonsillitis, hypertrophied adenoids, fluid accumulation in the middle ear, nasal
breathing difficulties, eardrum holes, conductive hearing loss, and infections or growths
in the mastoid bone (Clinic, 2022; WMCHealth, 2020).

According to the Clinical Practice Guideline (Rosenfeld et al., 2022), the surgeon or
physician should examine the ears of a child within 90 days of the tympanostomy tube
insertion and should obtain hearing evaluation if OME persists for 3 months longer or
prior to the surgery. Children should also be reevaluated at 3 to 6 months intervals, with
chronic OME, significant hearing loss or structural abnormalities of the tympanic mem-
brane or middle ear are suspected.

The guideline also suggests that the surgeon examine the ears of the child within
3 months after the tube insertion to assess outcomes. After the tube extrusion (6-12
months), the guideline advises an additional follow-up appointment with an otorhino-
laryngologist to ensure the ear’s health and hearing function. Additionally, the most
common sequela of tympanostomy tubes is otorrhea, observed in 16% of children within
4 weeks after surgery (Rosenfeld et al., 2022).
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The implementation of an activity-based costingmethodologywithin the context ofVBHC
in pediatric otorhinolaryngology surgery entails a series of steps. This chapter demon-
strates the methodology applied based on a healthcare value model and the ABC costing
methodology. The methodology begins with the collection and processing of data, the
definition of the clinical path and the application of the costing methodology. After ob-
taining the results, the data underwent analysis, conclusions were drawn, and they were
discussed with the hospital otorhinolaryngology peadriatic surgeon.

3.1 Subject

3.1.1 Healthcare Corporate Group and Hospital

The Corporate group was established in 2000 in the Portuguese healthcare market. The
group provides its services through 29 units, including 14 private hospitals, 14 private
clinics operating on an outpatient basis, and one senior residence.

In the realm of research, the Corporate Group has a Learning Department that aims
to cultivate and do research efforts conducted within the Group. The study undertaken
within the scope of this dissertation corresponds to a clinical study facilitated by the Hos-
pital Learning Department and the Value-based Healthcare Department, duly approved
by the Hospital’s ethics committee.

The Hospital included in the study offers a comprehensive range of medical and sur-
gical services. Services include extensive outpatient consultations in various medical and
surgical specialities, clinical laboratory analyses, and medical imaging examinations.

It encompasses an Operating Unit designed for highly specialized surgeries. Inpa-
tient care is distributed across units for acute care, intensive care, intermediate care, and
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a unit for continuous and palliative care. Urgent Care services are available for adults,
paediatrics, and gynaecology-obstetrics.

Annually, the hospital attends to approximately one million individuals, conducting
around 2.5 million consultations and urgent appointments, over 60,000 surgeries and de-
liveries, and 1.2 million diagnostic imaging examinations. The hospital is known for its
stringent standards in hospital quality and safety, having been accredited by the Joint
Commission International since 2018.

In the area of otorhinolaryngology (ENT), the Hospital comprises a team of 26 physi-
cians. In terms of consultations, it offers a wide range of types, including ENT, ENT with
swallowing; sleeping sickness; smell and taste; head and neck oncology; deafness screen-
ing; voice; vertigo and balance disorders. The medical exams available are acuphenome-
try, prosthetic audiogram, simple tone audiogram, vocal audiogram, high-frequency au-
diometry, pure tone audiometry - up to 5/8/10 years old, preschool assessment of vision
and hearing, decay test, nasal endoscopy, otologic endoscopy, otoscopy, laryngeal stro-
boscopy, tympanometric study of the functioning of the eustachian tube, phonetogram
glottography, impedance and admittance, laryngeal endoscopy, rehabilitative manoeu-
vres in vertigo and otoacoustic emissions.

The ENT service encompasses various areas of activity, including surgeries with CO2
Laser, procedures involving the mouth, pharynx, head, neck, and salivary glands, as well
as laryngeal, endoscopic, computer-guided, nasal and sinus, otological, and radiofre-
quency surgeries. Additionally, the service covers diagnosis and treatment of balance
disorders, phonology therapy, and ENTmicrosurgery. On average, the hospital performs
350 surgeries each year in the speciality of otorhinolaryngology.

3.2 Origin of the data

The Hospital has an electronic health record (established in 2007), and its database has
been meticulously restored to a non-probabilistic convenience sample, to include data
from 2020, 2021, and 2022, specifically focusing on the departments within the Lisbon
Unit.

It included date from assistance areas encompassing awide range of medical services,
including emergency care, external consultations, otorhinolaryngology complementary
diagnostic and treatment methods (CDTM), clinical pathology, hospitalization, otorhino-
laryngology medical imaging, and surgery.

A cost matrix with direct and indirect costs associated with each cost object was also
provided (Figure A.5). Due to the sensitivity inherent in the cost data, the information
regarding costs presented in the graphics and the cost matrix has been suppressed. This
precautionary measure, required by the private Hospital, is implemented to preserve the
confidentiality of the information while maintaining the relationship between the data.
This ensures the ability to draw consistent conclusions and perform a reliable analysis.
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3.3 Data Treatment

The collected information in each of the existing areas, is presented in detail the infor-
mation in Tables A.1, A.2, A.3. The data provides a comprehensive overview of each
department’s activities and patient records.

However, it is important to note that patients with and above the age of 18 from the
department’s databases were excluded from the sample. This selection criterion was im-
plemented to align the thesis’s primary focus, which centres exclusively on surgical pro-
cedures within the paediatric age group.

The first selection of patients was done through the Surgery file, excluding all surg-
eries that are not part of the ENT speciality. Subsequently, the patients were included in
each surgery procedure category, regardless of the surgery method performed.

720 patients were collected from the provided file, and they were sought and identi-
fied in the remaining department’s files. Out of these 720 patients, 27 underwent two or
three surgeries for clinical reasons during the three years of analysis. Since each clinical
path is supposed to include only one surgery, 748 different clinical paths were defined
for analysis.

The cost matrix provided presented the cost objects in each of the assistance areas (ex-
ample in Figure A.5). For each of the items, it provides a breakdown of the number of
individual elements, consumable expenses, medication costs, professional fees, both di-
rect and indirect personnel expenditures, maintenance expenses, laboratory charges, and
other costs. Consumable expenses encompass the material resources utilized in a proce-
dure, while medication costs pertain to the drugs administered to the patient. Regarding
professional fees, these are attributed to healthcare practitioners (such as doctors, sur-
geons, and anaesthetists, among others) participating in the activity; however, nursing
services are excluded from this consideration. The nursing services detailed have a nom-
inal cost, as the nurses operate under a predetermined employment agreement, which is
not contingent on the tasks performed. The quantity and corresponding costs have been
normalized in the cost matrix.

Direct personnel costs are linked to professionals involved in the execution of the clin-
ical procedure. Indirect personnel costs are associated with human resources indirectly
engaged in clinical procedures, including individuals responsible for facility cleanliness,
administrative tasks, patient assistance, and similar functions. Maintenance expenses ac-
count for the costs incurred to uphold the condition of spaces, machinery, and instru-
ments used in the outlined clinical procedures. The remaining costs represent various
costs that could not be allocated to any specific category.
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3.4 Activity Cost Pathway Methodology

The first step in measuring costs according to a value-based healthcare methodology is
to identify the key activities performed throughout the patient’s treatment that can con-
tribute value to the care cycle. This initial stage enables the establishment of crucial phases
in the cycle for result measurement and process mapping, as referenced in previous stud-
ies (Cossio-Gil et al., 2022; Kaplan & Porter, 2011). The selection of these activities was
determined by applying specific criteria, drawing from insights found in the guidelines,
information provided by a surgeon from the Hospital, and data collected from the Hos-
pital Information Systems (HIS).

The criteria for the activities were as follows: a diagnosis and follow-up period ap-
plied before and after all types of surgeries, extending to 40 days an event in every area;
200 dayswhen it pertains to an otorhinolaryngology event or is requested by or for otorhi-
nolaryngology; and 365 days when it involves otorhinolaryngology exams, CDTM, and
imaging, whether before or after the surgery.

Starting with Emergency Care, a meticulous selection process was undertaken to cu-
rate episodes within the speciality of otorhinolaryngology and paediatrics.

As stated in the guidelines, the clinicians should evaluate the increased risk of de-
velopmental difficulties, for example, speech, language or learning problems from otitis
media (Rosenfeld et al., 2022). So a comprehensive approach was employed for external
consultations, encompassing pediatric, developmental paediatrics, immunoalergology,
clinical psychology, speech therapy and neuro-pediatric and otorhinolaryngology.

In terms of otorhinolaryngology CDTM and Imagiology exams were included from
one year before and to one year after surgery.

Regarding hospitalizations, the initial focuswas placed on selecting solely surgical ad-
missions. Subsequently, non-surgical hospitalizations with a following episode in otorhi-
nolaryngology speciality or 40 days before or after the surgery.

For clinical pathology, specific indications of the episode were selected for each pa-
tient, focusing on clinical pathology, immunology, and clinical chemistry. This selection
was made for all services that requested an episode. However, haematology exams and
COVID-19 tests were excluded from the analysis.

To facilitate the pathway analysis, the following informationwas extracted: the episode
number, date of the episode, requested service for the episode, speciality of the procedure,
and, in the case of surgeries, medical imaging and CDTM, the descriptions of the related
medical procedures (Figure A.4). This data retrieval process enables a comprehensive
examination of the patient pathway and facilitates a thorough analysis of the healthcare
journey.

Regarding the clinical pathway, the episodes were grouped into three groups: in di-
agnosis, before the date of surgery; surgery, on the day of surgery; and follow-up, after
the surgery date. Concerning the 28 patientswithmore than 1 surgerywithin the space of
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3 years, each surgery was divided into different pathways. For this, the same limits pre-
sented above were applied. In case of overlapping, because the surgery was very close
to the previous one, it was considered a follow-up from the first surgery 40 days after
surgery and 40 days after diagnosis for the second surgery.

The episodes were then sorted by patient identifier Patient Identification Number
(NHC) and in chronological order, from oldest tomost recent. Next, the episode identifier
number was sorted in ascending order, and in cases where it was the same, hospitaliza-
tion was considered to occur after surgery, while emergency care took place before both
surgery and hospitalization.

3.4.1 Pathway Process Mining Visualization

In order to apply the costing methodology, it was necessary to define, based on the value
chain, the patient clinical pathway. An activity cost pathway, defined as a clinical path-
way, is described as a management care methodology, that defines the overall structure
of decision-making for treating a specific medical condition of a group of patients during
a well-defined period of time (Elbattah et al., 2018).

The clinical pathway will allow a more precise cost analysis, as well as an evaluation
of risk care outcomes, increase patient satisfaction and optimize resources (Elbattah et al.,
2018). The clinical pathway starts with the gathering of data and organizing important
and relevant information for the case study. The data from the hospital healthcare systems
of information gatherers the information according to the patient’s number and then an
episode number is generated according to the several entries in theHIS by the staff, giving
the possibility to track the sequence of activities executed, when they were performed, by
whom and for whom (Munoz-Gama et al., 2022).

For the purpose of better visualization of the pathway, it was used process mining
techniques to analyze the clinical pathway (Munoz-Gama et al., 2022). According to In-
ternational Business Machines Corporation (IBM), process mining applies data science,
combining data mining and process analytics, in order to create a process model through
data, or process graphs (“IBM Process Mining”, 2023; Munoz-Gama et al., 2022).

In order to streamline the pragmatic deployment of process mining, an array of so-
phisticated software tools has been meticulously crafted. Among these tools, commercial
solutions like Disco stand out for their capacity to adeptly handle voluminous event logs
and intricate models, rendering the tasks of conversion and filtering decidedly effortless.
Notably, this software furnishes a comprehensive presentation of performance metrics in
a lucid and straightforward manner. Furthermore, it empowers the visualization of his-
torical progress through dynamic animations seamlessly superimposed onto the model’s
framework (Fluxicon, 2023).

For this, each patient pathway includes the patient identification NHC (Case_ID), the
activities that each patient executes are identified as Number_of_Episode (Activity) and are
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associated with the date that they were performed (Timestamp). Each activity was associ-
ated also to the person, physician/surgeon or other, that carried the activity (STAFF_ID)
(Munoz-Gama et al., 2022).

Figure 3.1: Activity cost pathway visualization using process mining (DISCO)

Using the DISCO application, it quickly and easily visualizes the activity cost pathway
(Figure 3.1), but also gathers information about various aspects of care areas, such as the
percentage of case coverage (Figure A.8), the number of patients who start and finish the
path in each area, and the maximum number of repetitions.

Furthermore, DISCO allows for the analysis of activity frequencies and performance
between each of the activities on the path, including total, average, median, maximum,
and minimum durations between events (Figure A.7). Simultaneously, it is possible to
individually monitor the clinical pathways followed by patients (Figure A.9).

3.5 ABC - Costing Methodology

After acquiring the complete patient pathway, the cost engineering model known as
Activity-Based Costing was applied to calculate the cost of the value chain.

Through the clinical pathway, the activities relevant to each of the clinical pathways
were obtained. These activities are identified by the Episode Number (EN). With EN, cost
objects were removed from each of the existential areas, that is, all the acts performed
associated with the activity.

These cost objects were identified with a Article_Act_Code associated with the cost
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matrix (Figure A.5). The cost matrix displays the hospital expenses associated with per-
forming the aforementioned procedures. Therefore, the cost driver is the billing for pro-
cedures performed on the patient. Thus, for each cost object, the cost was calculated by
multiplying the number of objects realized by the cost driver. For every single cost object,
it was acquired the cost of consumables, drugs, fees, direct and indirect personnel costs,
maintenance costs and other costs.

By adding the consumables, drugs, fees, direct personnel, and maintenance costs we
obtained the direct cost for each of the objects, and by adding the indirect personnel and
other costs, it resulted in the indirect costs.

The cost matrix presents the allocation of indirect costs in a manner determined by
the Hospital, employing a ratio that considers the direct costs billed for each respective
act or department. It is important to acknowledge that this methodology, while useful,
may potentially lead to a variance in the distribution of overhead costs, resulting in either
overestimated or underestimated indirect costs depending on the circumstances (Azoulay
et al., 2007). For these reasons, indirect costs will not be included in the cost of the clinical
path, as they do not represent a real and reliable estimate of the indirect costs associated
with each activity, using only the direct costs.

Also, indirect costs are associatedwith overhead areas, such as administration, house-
keeping, and other similar (Azoulay et al., 2007). Although the calculation of indirect
costs is relevant to the reduction of the general costs of medical treatment, estimating the
losses that result from work loss, work replacement, and low productivity, all aspects
regarding the efficiency of processes and not with the medical results obtained with the
treatment and care provided (Boccuzzi, 2003).

The direct cost of the objects was added for each of the activities through the Episode_
Number. Thus, it was possible to add up the direct costs of the activities for every care
area of each of the patients by adding the direct cost of each NHC (Figure A.6).

3.6 Surgeons’s Activity Pathway Validation

Following the applied methodology and analysis of the results, in alignment with the
methodology inherent to value-based healthcare (Gabriel et al., 2019), a meeting was con-
ducted with a pediatric otorhinolaryngology surgeon. The purpose of this meeting was
to evaluate the validity of the data and results obtained and to explore the relationship
between the cost activity pathway and the clinical practices.
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4
RESULTS

The application of the presentedmethodology encompasses a series of significant discov-
eries. This chapter reveals the results achieved through the implementation of the ABC
methodology within a value-based healthcare model. The outcome analysis begins with
an examination of the data obtained from the activity pathway, followed by an analysis
of the cost of care areas, the patient’s journey, and surgical procedures.

4.1 Activity Cost Pathway

According to the rules applied to the data regarding the patient’s pathway, 720 patients
were identified. Considering that each clinical path will have only one surgery, 748 activ-
ity paths were defined for analysis.

Table 4.1: Surgeries combinations performed in ENT pedriatic

Surgery Combinations Percentage of Surgery

Adenoidectomy + Myringotomy 26.1%
Adenoidectomy + Tonsillectomy 17.3%
Adenoidectomy + Tonsillectomy + Miringotmy 14.4%
Tonsillectomy 6.9%
Foreign Body Extraction 6.4%
Myringotomy 3.9%
Tympanoplasty 2.5%
Adenoidectomy 2.4%
Tympanomastoidectomy 2.0%
Tonsillectomy + Myringotomy 1.6%
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In terms of types of surgery, the most performed during the three years were ade-
noidectomy with 34.5%, myringotomy with 24.9% and tonsillectomy with 22.8% (Table
B.1). The surgeries performed sometimes involve a combination of surgery types ( Ta-
ble B.1), resulting in a total of 58 different combinations. Regarding the most common
combinations performed by the surgeons, they include combined adenoidectomy with
myringotomy, observed in 26.1% of patients, as well as adenoidectomy and tonsillec-
tomy, seen in 17.3% of cases, and adenoidectomy with tonsillectomy and myringotomy,
accounting for 14.4% (Table 4.1).

Considering the external consultations in the three years, 1934 were carried out, 59%
for diagnosis and 41% for follow-up. Representing 77.3% of patients with an outpatient
consultation, with 75% of the patients having consultations in the otorhinolaryngology
speciality. Out of the total number of patients, 70% have at least one consultation event
during the diagnosis phase, and 59% do so during the follow-up phase (Table B.2). It
was observed, considering only patients with outpatient consultations, that on average
each patient has 4 consultations, namely an average of 2 for diagnosis and 2 for follow-up
(Table B.3).

In the case of emergency care, approximately 21.8% of patients present at least one
episode, with 13.5% of patients resorting to emergencies in the pre-surgery phase, 10.9%
in the post-surgery phase, and 1.3% on the day of surgery. In post-surgery, about 8% of
patients resort to the emergency room in less than 30days after surgery, a period identified
as a period of complications associated with the operation (Table B.4).

Hospitalization included both non-surgical and surgical hospitalization, where 25%
of patients had at least one episode. About 24.3% of the patients had post-surgery hospi-
talization, which means that the remaining 75.7% of the surgeries were performed in an
ambulatory surgery (Table B.5).

When evaluating the surgery schedules, it was observed that the largest number of
surgeries were performed between 8:00 and 12:00, around 80.2% (Table B.6). Through Ta-
ble B.6, it is observed that the percentage of hospitalization increases throughout the day,
starting with 12% of hospitalizations in the morning (8h-12h), 42% in the late afternoon
(16h-20h) and 57% at night (20h-00h).

In Table B.2, it is possible to observe the surgeries and the percentage of surgical hos-
pitalization and outpatient surgeries. Regarding the most performed surgeries in ade-
noidectomy 83% of the cases are performed in ambulatory, in myringotomy with 97%
and tonsillectomy with 63%. In the remaining surgeries most practised, which are com-
binations of those presented previously, the percentage of outpatients remains above 65%,
this being 95% in adenoidectomy with myringotomy, 83% in adenoidectomy and tonsil-
lectomy, 75% in tonsillectomy and myringotomy, and 69% in adenoidectomy with tonsil-
lectomy and myringotomy (Table B.2).

Considering clinical pathology, 17% of patients have at least one episode in this area.
Since 15.2% of patients are in the diagnosis phase, 1.2% in follow-up and 0.9% in surgery
(Table B.7).
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Regarding Imagiology, 10.6% of patients have imaging exams, namely 9.9% in the
diagnostic phase and 0.7% in the post-surgery phase (Table B.8). A range of imaging pro-
cedures was identified, including thyroid biopsy, orthopantomography, cranial morpho-
logical examination, eco complementary study, ultrasound soft tissues, Magnetic Res-
onance Imaging (MRI) spectroscopy, MRI study, MRI orbit, MRI ears, Cavum x-ray, in
transportable X-rays, chest X-rays, Computed Tomography (CT) contrast, CT Sinuses, CT
skull, CT face, CT larynx, CT ears, CT neck, CT spn low dose, and CT chest. The most
frequent imagiology exams are the cavum x-ray, with about 37% of the imaging exams
performed, sinus CT with 15%, 10% of chest x-ray and 6% neck CT (Table B.9).

As for otorhinolaryngology CDTM, 37.4% had episodes, 30.2% were in the diagnostic
phase, and 15.2% were in follow-up. Of these, 8.7% underwent diagnostic and follow-up
tests (Table B.10). The average number of exams per patient in diagnosis is 2 and in follow-
up surgery 2 exams (Table B.11). In CDTM it was identified the following exams: pure
tone audiogram, protein audiogram, vocal audiogram, pure tone audiometry, oropha-
ryngeal biopsy, impedance study, tympanometric study, microlaryngoscopy, otoemis-
sions, auditory EV potentials, central processing hearing, rhinoscopy, speech therapy,
tympanogram, polygraphic Record of Night Sleep. The exam with the highest percent-
age of performance is the tonal audiometry with 33%, followed by the impedance study
with 27.6%, and the tympanogram with 21.2% (Table B.12).

Through theDisco Platform, it was obtained that about 34.4% of the patients start their
journey in surgery, without presenting any diagnostic activity at Lisbon Hospital. About
43.0% start with an outpatient consultation, 8.6% with CDTM and 7.1% with urgent care.
In the post-surgery phase, identified as follow-up, about 32.6% of patients do not have
any post-surgery episodes. 47.6% of patients end up with an outpatient visit and 8.2%
with an inpatient appointment (Table B.13).

Using the Disco application, we could calculate the percentage of case coverage for
each of the care areas (Table B.14) and identify the various clinical paths followed by
patients. There is a notable lack of uniformity in clinical paths, as evident in the table
where the top 10 of 436 paths with the highest completion percentages only account for
approximately 32% of the clinical paths (Table B.15). The same analysis was conducted
for a set of three surgeries adenoidectomy, tonsillectomy, and myringotomy, and in 15 of
328 clinical paths, they account for roughly 38% of the cases (Table B.16).

4.2 Activity-based Costing

4.2.1 Assistance Areas Cost Distribution

Applying the ABC costing method, a meticulous examination of cost allocation within
each distinct care sector was undertaken. It is possible to obtain, with the ABC method,
the decomposition of the costs of each elementary costing object.
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In the context of emergency medical services, it is noteworthy that the preponder-
ance of costs can be traced back to personnel engagement, accounting for 92.9% of the
aggregate expenses. Specifically, a significant portion of these personnel-related costs,
amounting to 88.9% is linked to pediatric Permanent Care. In parallel, concerning the al-
location of resources, the cost allocated to pharmaceuticals and consumables is quantified
at 7.0% (Figure C.2).

Within the outpatient consultations, a large proportion of costs falls on medical per-
sonnel, constituting a substantial 99.9% of the total cost, as the central part is the con-
sultation itself. This distribution encompasses 83.1% for specialized otorhinolaryngology
consultations and 3.6% for paediatric consultations. Remarkably, even though its propor-
tional weight is a mere 0.1%, the maintenance cost is directed towards the preservation
of the healthcare personnel office (Figure C.3).

Within the delineated spectrum of cost objects within the domain of hospitalization,
a substantial proportion of 22.9% of direct costs correspond to resources, namely, 5.9% to
consumables, 4% to laboratory and 11.7% to medication. In the case of personnel, 43.8%
are direct costs associated with surgical hospital stay and 14.3% with intensive care unit
daily (Figure C.4). It should be noted that only 11.3% of hospitalization cases correspond
to intensive care. Although the percentage of occurrence is low, it should be noted that
intensive care has a very high direct cost.

In the assistance area of imaging, the cost object with the highest percentage of direct
cost corresponds to personnel with 88.3%, specifically with fees for CT sinuses (19.6%),
CT Neck (8.7%), CT Ears (6.2%). About 24.4% of the costs are applied to direct personnel
and 11.7% to resources, with 10.6% of these corresponding to the maintenance of the
instruments/machines used for the exams (Figure C.5).

When looking at the direct costs related to CDTM, 97.1% correspond to medical per-
sonnel, with 15.6% of direct personnel. As for the tests performed, the direct costs in fees
are distributed with 42.1% in pure tone and vocal audiometry, 13.7% in impedance study,
8.7% in tympanogram and 7.8% in auditory potentials. The remaining 2.9% is allocated
to consumables, medication and maintenance (Figure C.6).

In clinical pathology, costs are mostly found in laboratory tests (87.3%), specifically,
13.2% in hemogram platelets, 6.0% in D-dimers and 4.3% in C-Reactive Protein (Pcr).
About 12.7% of the direct costs of clinical pathology are allocated to direct human re-
sources (Figure C.7).

In the operating room, costs are mostly allocated to health professionals who perform
the surgical procedure, namely the surgeon fees with 29.5% of costs, assistant surgeons
with 20.8%, anesthesiologists with 15.9% and instrumentalists with 10.1%. Although sur-
gical procedures involve the use of various resources, from surgical instruments to anaes-
thesia, resources represent only 16.3% of the total direct cost of surgery, with 11.7% refer-
ring to consumables and 3.2% to medications (Table 4.2 and Figure C.8).
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Table 4.2: Surgery Objects of Cost and Cost Distribution

Surgery Object of Cost Percentage of Total Direct Cost

Resources 16.3%
Consumables 11.7%
Medicines 3.2%
Other (maintenance
and laboratory) 1.4%

Personnel 83.7%
Surgeon Fee 29.5%
Helper Fee 20.8%
Anesthesiologist Fee 15.9%
Instrumentalist Fee 10.1%
Direct Human Resources 7.4%

It is possible to derive not only the cost distribution for each of the care areas from
ABC, but also to analyze the resources used and their associated costs for each of the ac-
tivities conducted. Given that the surgery constitutes the largest percentage of the overall
activity pathway cost, we also examined the expenses related to consumables and medi-
cations utilized during surgical procedures (respectively Table C.9 and Table C.10).

Regarding consumables, the most substantial cost contribution arises from cochlear
implants, accounting for 26.9% of consumables expenses, despite being utilized in only
0.1% of the surgeries performed over the three-year study period. Other resources with a
significant cost percentage include ventilation tubes, turbinate probes, tonsillectomy and
celon tips, and surgical gowns (Table C.9).

When considering the pharmacy used, it is noteworthy that 23.1% corresponds to
sevoflurane, a volatile anesthetic, which was employed 649 times. This demonstrates that
despite accounting for a significant percentage of the cost, it is utilized in 87% of the surg-
eries conducted (Table C.10).

When analyzing the cost distribution among the total activity path’s cost objects, 84.2%
of the costs are attributed to personnel, 3.3% to pharmaceuticals, 10.7% to consumables,
with the remaining 1.8% allocated to laboratory tests and maintenance (respectively Fig-
ure C.1,C.2, C.3).

4.2.2 Activity Pathway and Surgery Cost Analysis

To evaluate direct costs, Box and Whisker charts were created for observation and analysis
of results. These graphs allow obtaining the distribution of a continuous variable, with
information on quartiles, median, identification of outliers, mean and standard deviation
(Figure I.1). It also allows observing the spread and skewness of the data sample, the
symmetry, and the length of the distribution (Kotu & Deshpande, 2019).
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The graph is divided into quartiles, where the box corresponds to the interquartile
range, where 50% of the data is found. The horizontal line that splits the box in two is
the median, and the mean is also indicated by a cross on the box plot. The whiskers are
the two lines outside the box, that go from the minimum to the lower quartile (the start
of the box) and then from the upper quartile (the end of the box) to the maximum (Kotu
& Deshpande, 2019).

Figure 4.1 shows the direct cost of the total number of complete activity cost pathways.
It is possible to confirm that the distribution is slightly skewed to the left and that the first
quartile is smaller than the last quartile. The existence of outliers after the maximum
can be explained by some expensive procedures, such as cochlear implants, or because
the payment is made at private prices, that is, without health insurance or Assistance in
Sickness to Civil Servants of the Portuguese State (ADSE).

Through Figure 4.1 it is possible to see that the median cost presented by a line and
that the average is slightly higher presented as a cross.

Figure 4.1: Activity cost pathway direct cost distribution graphic

Through the direct cost distribution graphic and the direct costs histogram (Figure 4.1
and Figure C.11), it is possible to observe in more detail the cost variation. Combining
the two graphs, it is possible to demonstrate that the highest proportion of costs is found
within the interquartile range - equivalent to 50% of the total costs. Additionally, two
other significant sets of costs can be observed in the upper and lower whisker, just before
the first quartile and just after the third quartile.

In order to study the population of patients, through Figure C.12 it is possible to ob-
serve the age distribution of the patients, where 67% of the patients are between 1 and 5
years old. With the aim of studying whether age could influence the cost of the activity
pathway, with Figure C.13 it is possible to verify that despite slight variations in the me-
dian and the slight increase in the average at 5 years of age, the total cost is very uniform.
The margins of the 1st and the fourth quartile are within the same values.

24



4.2. ACTIVITY-BASED COSTING

With the aim of enhancing comprehension regarding the genesis of costs and the iden-
tified fluctuations, a box and whiskers graphic of the direct cost was created for the total
activity cost pathway for the procedures with the highest percentage of completion (Table
4.1). Using Graphic C.14, It is possible to observe that themean andmedian increase with
the number of procedures performed. For simple procedures with lower costs, myringo-
tomy comes first, followed by tonsillectomy, and then adenoidectomy, in ascending order.
When combining two surgeries, there is an approximate 24% increase in the cost for the
surgeries adenoidectomy with tonsillectomy and tonsillectomy with myringotomy, and
an approximate increase of 46% for the surgery of adenoidectomywithmyringotomy. For
the procedure that combines all three types of surgery, the mean deviates more from the
others, increasing by 69% from the single-procedure surgeries and between 13-36% for
the double-procedure surgeries (Figure C.14).

Foreign body extraction has a low mean and high compliance cost when compared to
the total cost of all activity pathways. It is followed by the surgeries of septoplasty and
turbinectomy with an increasing average, followed by tympanoplasty with a deviated
average, and then tympanomastoidectomy (Figure C.15).

To better understand the influence of each of the care areas on the total cost of each
surgery, the contribution of each of the areas to the total cost was performed. Thus, it
is possible to observe that the greatest contribution to the cost comes from the surgical
procedure, corresponding to 90% of the total cost. Next with 3% is inpatient care and 4%
is outpatient consultation. With contributions of less than 1%, CDTM, emergency care,
medical imaging and clinical pathology are presented (Figure C.1).

As surgery corresponds to the greatest contribution to the total direct cost of the ac-
tivity pathway (Figure C.1), only the variation and compliance of the cost for the surgical
procedure were studied individually.

As such, a box and whiskers plot was performed, as well as a histogram and the dis-
tribution with probability density for the costs of surgery. It is possible to observe that
the mean continues to be greater than the median. In terms of distribution, it shows a
slight left skew, but with a higher probability density value and a decrease in the average
by 9% compared to the one presented in the total activity pathway (Figure C.16).

The variation in costs among surgeries is evident in the average cost table for each
procedure (Table C.21). This allows us to identify variations in the average cost among
different surgical procedures, which result from the differences in the procedures or their
combinations.

4.2.3 Adenoidectomy, Myringotomy, Tonsillectomy Surgeries

Due to the difference in degrees of complexity of surgery, as well as the high variance
between costs, a more particular study was carried out, evaluating only the costs of ade-
noidectomy, tonsillectomy, and myringotomy. The set of these surgeries, as well as their
combinations, represent 72.7% of the surgeries performed in the three years of the study.
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This study thus includes a sample of 544 activity pathways of the 748 paths.
By observing Figure 4.2, It is possible to demonstrate that there is greater uniformity

in the costs of the total activity pathway. We can observe that the average cost is approxi-
mately 8% higher than the median. It also indicates the existence of only two outliers and
a smaller range of costs. From the distribution graphic, a slight left skew in the cost values
is observed. When compared with the graphic for all surgeries, there is not a significant
increase in the average cost for these surgeries (less than 0.1%).

Figure 4.2: Activity cost pathway direct cost of the group of surgeries: adenoidectomy,
myringotomy and tonsillectomy

Also for this group of surgeries, the contribution of the cost of care areas to the total
cost of activity pathways was studied. It was obtained that for the surgery the contribu-
tion corresponds to 92.7% of the total cost, followed by 4.1% for the outpatient consulta-
tion. Next to 1.1% are CDTM and to 1.32% hospitalization. With a contribution of less
than 1% are the areas of emergency care, clinical pathology and imaging (Figure C.17).

Figure 4.3: Surgery direct cost of the group of surgeries: adenoidectomy, myringotomy
and tonsillectomy

In terms of surgical procedures, the average cost is 7% lower when compared to the
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average cost of the complete pathway. It also shows a slight left skew in the distribution
graphic of costs, with high probability density (Figure 4.3).

4.2.4 Surgeons Cost Analysis - Adenoidectomy, Myringotomy, Tonsillectomy

To verify the presence of cost variations among surgeons for the same set of surgeries,
Figure 4.4 shows the direct cost of surgeries (from the set of three surgeries) for each
surgeon. It can be observed that among surgeons A, B, C, E, and F, there is a higher
average cost and a wider range of costs. In contrast, surgeons D and G exhibit a lower
average and a smaller range of costs.

Figure 4.4: Surgery direct cost of the group of three surgeries for surgeon

In the distribution graph in Figure 4.5, it can be seen that in the case of surgeons A,
B, and F, the skew is slightly inclined to the right, and in surgeon E, oriented to the left,
and in the case of surgeon C slightly more symmetrical. All of these have a height in the
same probability density zone between 0.00025 and 0.0003. In the case of surgeons D and
G, the distribution has a high probability density as well and the range of costs is smaller,
that is, the distribution is less wide.

By observing the distribution of surgeries performed by each surgeon (Figure C.19), it
is possible to demonstrate that surgeons D and G perform more simple surgeries, which
correspond to a lower cost (Figure C.20). In the case of the remaining surgeons, there is
greater uniformity in the distribution of procedures performed, which is also evidenced
by the uniformity in the distribution of costs.
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Figure 4.5: Surgery direct cost distribution graphic of the group of three surgeries for
surgeon

4.2.5 Pathway Statistics Analysis

Due to the high variability of the activity cost pathways, it was made 9 paths according
to the most common pathways were chosen in the set of three surgeries, corresponding
to 83% of these cases (63% of the total cases). It was carried out only for this group of
surgeries, as they present a higher percentage of total cases, greater conformity in costs
and a smaller number of outliers (Figure 4.3), the study will present a more reliable and
more informative result.

It started with the simplest route, corresponding to 19% of cases where only the sur-
gical procedure is performed at the health unit in Lisbon. Followed by 16% where only
the surgery and the External Consultation (EC) were included, in three different ways:
only EC before surgery, only after, and those that present before and after surgery (Fig-
ure C.22). Then, in addition to surgery and external consultation, there was an event in
clinical pathology, corresponding to 4%, and another with clinical pathology and hospi-
talization with 5% of cases (Figure C.22).

In the remaining cases, EC and clinical pathology are always included, since most of
the cases with CDTM or urgent care also have an outpatient consultation. In cases that
presented emergency care, they corresponded to 11%, a CDTM event, diagnostic and/or
postoperative, present a percentage of presence of 20% (Figure C.22).

For this distribution of pathways, a statistical study was carried out to perceive the
difference in pathways and the implication for the variations in the total costs. For this,
theAnalysis of Variance (ANOVA) statisticalmethodwas used, amethodused to compare
the variances between themeans of different groups (Bertinetto et al., 2020; Sawyer, 2009).
A significant difference between the means of the groups suggests a significantly larger
variation within groups.
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ANOVA assumes a null hypothesis which indicates that the means of the different
groups are similar, so there is no significant difference between them. If the calculated
F-statistic is greater than the F-critical (for a specific α/significance level - 5%, 0.05), then
the null hypothesis is rejected, and it can be stated that the means of the groups are sig-
nificantly different (Sawyer, 2009).

It is possible to observe the table in Figure C.23, where the statistical study ANOVA is
presented, the F-statistic is superior to the critical value and the p-value is inferior to the
alpha of 0.05 selected. It is possible to reject the null hypothesis and conclude that there is
a significant difference between the means of the groups, proving a statistically relevant
difference in the data.

Because ANOVA does not provide which groups are different, it was necessary to run
a post-hoc test, with the Bonferroni method, to tell exactly which groups differ in means
(Lee & Lee, 2018; Sawyer, 2009).

As shown in the table in Figure C.25, the averages are significant when comparing
path 1, where only surgery is performed, with paths 4,7,8, and 9, these being respec-
tively the groups where external consultation before and after included, emergency care,
CDTM, and combination of hospitalization and CDTM. A relevant difference is also pre-
sented between pathways 1 and 2, 6, these being respectively the ones that present only
diagnostic appointments and the ones that presents hospitalization episodes. Through
this study, it is possible to conclude that an activity pathway with only surgery is statis-
tically different in terms of cost from the remaining pathways.

ANOVAstatistical testwas performed again, excluding the pathwaywith only surgery.
It is shown that the F-statistical is now lower than the F-critical, and the p-value higher
than the selected alpha, thus being able to conclude the veracity of the null hypothesis,
which expresses that there are no statistically relevant differences between the costs of
the evaluated groups (Figure C.24).

By examining the costs associated with each patient’s activities, they could be cate-
gorized into distinct temporal phases. These phases consist of the diagnostic phase, en-
compassing events before surgery; the surgical phase, which includes all events occurring
on the day of surgery; the post-operative phase, comprising elements occurring after the
surgery, including hospitalization; and the follow-up phase, covering all events occurring
after surgery that did not initiate on the day of surgery.

In each segment of the activity pathway, it was feasible to compute both the average
cost within each phase and the cost distribution. As evident from Table C.26, the average
cost in the diagnosis, post-op, and follow-up phases constitutes a total of 15% of the aver-
age total cost of the pathway. In the case of surgery, the cost amounts to 85% of the total
cost (Table 4.1).

The same study was exclusively conducted for adenoidectomy, myringotomy, and
tonsillectomy surgeries (Table C.27). As depicted in the figure, surgery carries a higher
cost accounting for 87% of the total, while follow-up has a lower cost contributing just 4%
to the overall average cost.
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5
DISCUSSION

In this chapter, the results obtained throughout this dissertation are discussed in correla-
tion with the theoretical concepts and the previous implementation.

5.1 Activity Cost Pathway

In order to establish a cost model founded on a value-based healthcare framework, it was
imperative to delineate the activities exerting influence upon the patient’s value chain.
This was undertaken to elucidate the entities subject to costing analysis. In this regard,
specific activities were discerned, those that relate to patients advised or eligible to un-
dergo otorhinolaryngology surgery.

Consequently, the activity cost trajectories of patients at the Lisbon Unit were ex-
pounded upon, revealing a noteworthy diversity in the processes pursued by each in-
dividual. Illustrated in Figure A.9, the sample of paths under examination yielded a total
of 436 distinct trajectories across the entirety of surgical cases. This diversity can be at-
tributed to varying patient preferences and characteristics, in addition to the practices
of healthcare professionals (Pera, 2017). Patients may seek alternative establishments for
consultations and medical examinations, inside or outside Corporate Group services, re-
sorting to the Lisbon Unit exclusively for surgical intervention or only some of the assis-
tance areas.

This variability in patient trajectories potentially bears implications in VBHC perspec-
tive. Conversely, the absence of comprehensive data concerning the complete patient care
journey impedes the thorough analysis of healthcare service outcomes. Such analysis is
indispensable for evaluating the value conferred by the service to the patients. To execute
a value-based healthcare methodology, an all-encompassing scrutiny of the patient’s clin-
ical trajectory is essential. The completed trajectory is needed for costing assessments and
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the evaluation of pertinent patient outcomes (Porter & Lee, 2013).
Upon scrutinizing the cost of surgeries (adenoidectomy, myringotomy, and tonsillec-

tomy) conducted by different surgeons, it has been observed that disparities exist in the
costs incurred for these procedures (Figure 4.4). These disparities might stem from dis-
tinct clinical approaches to the same type of pathology or personal preferences of diverse
healthcare professionals (Pera, 2017).

These discrepancies can be rationalized by considering that surgeons with a lower
average cost per surgery and a narrower cost range tend to perform a higher percent-
age of surgeries involving a smaller number of procedures (Table C.19). This results in a
significant difference of 36% to 44% in average costs when compared to other surgeons.
Conversely, other surgeons, namely those with the highest proportion of surgeries (63%),
predominantly undertake surgeries involving two or three procedures within a single in-
tervention (Figure C.19). Conducting two procedures simultaneously proves to be more
cost-effective than performing each procedure individually when it is necessary to per-
form both procedures (Table C.20 and Graphic C.14).

By individually costing each activity and attributing costs to each surgeon, it becomes
possible to analyze the cost as well as the efficacy and personal preference of each surgeon
(Pera, 2017).

Incorporating healthcare practitioners into the value-basedmodel, particularlywithin
the activity costing department, enables the evaluation of clinical practices within the Lis-
bon Hospital Unit. When validating the criteria with the surgeon at the Hospital, the out-
comes of the cost analysis for activities within the surgical care cycle were presented. The
surgeon commended the significance of the study in comprehending the expenses asso-
ciated with surgeries and various departments. Furthermore, the surgeon appreciated
the potential for examining consumables and medications used in the operating room,
aiming for a more sustainable utilization of resources.

Literature mentions this medical professionals’ participation and awareness of the
prevailing costs, enhance a heightened sense of responsibility concerning cost manage-
ment and equitable distribution. It promotes the exploration of new technologies and
therapies that are or could potentially be, integrated into the diagnostic and treatment
procedures (Mewara et al., 2023).

Due to the considerable variability in activity cost pathways, an investigationwas con-
ducted for the three most frequently performed surgeries, assessing the fluctuation of
average costs through a statistical analysis ANOVA (Figure C.23 and C.24). This analysis
enables the examination of variations in themean costs and the determination of whether
significant differences exist among them.

It was demonstrated that the clinical pathway solely involving surgery exhibits a note-
worthy disparity in its average cost when compared to other clinical pathways (Figure
C.23 and C.25). In the remaining scenarios, irrespective of whether they encompass out-
patient consultations, hospitalization, CDTM, clinical pathology, or urgent care, the av-
erage cost is not significantly different (Figure C.24), which prevents the characterization
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of cost variation based on the presence of one or another intervention within the diverse
care areas.

Performing only surgery in the Lisbon hospital unit has a lower cost, 18% to 37% less
expensive when compared to the presence of other care areas in the clinical pathway.
These values align with the average cost of the entire clinical pathway. As illustrated in
the table containing average values for each stage of the treatment cycle, considering only
instances when activities take place, it reveals that surgery constitutes approximately 85%
of the total cost, with the remaining 15% allocated to diagnosis, post-operative care, and
follow-up (Figures C.26 and C.27).

However, considering from a perspective of value for the patient and the need for di-
agnostic and follow-up elements, with this analysis, it is possible to conclude that exams,
consultations or hospitalization in the pre- and postoperative period do not significantly
change the cost of the total clinical pathway. This allows us to admit that depending on
the outcomes and what brings more value to the patient, the variation in the number of
exams, consultations, and hospitalizations does not translate into a significant increase in
direct costs in the total clinical path.

5.2 Distribution of Direct Cost

Through the application of an ABCmethodology, we have been able to discern the distri-
bution of costs across various sectors of care, the cost of every activity and identify a set
of costing pathways. The examination of cost distribution in the care areas affords us the
opportunity to investigate resource utilization and to pinpoint the primary contributors
to expenses. This, in turn, enables a comprehensive understanding of the origins of direct
costs associated with clinical procedures, describing in detail for each of the activities the
respective weight in the total cost of the object, as can be seen in Figures C.2, C.3, C.4, C.5,
C.6, C.7, C.8.

Figure 5.1: Summary of cost object distribution in the assistance care areas

The results derived from this analysis demonstrate that with the exception of clinical
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pathology, the preponderance of costs within all sectors is ascribed to medical personnel
direct costs (Figure 5.1), representing 84.2% total of the activity cost pathway, pinpoint-
ing opportunities to reduce the costs associated with unused capacity could, in theory,
enhance the hospital’s contribution margin (Milewicz et al., 2018). The subsequent most
substantial contributor to costs is allocating resources and medicine, respectively 10.7%
and 3.3%. This information can help healthcare providers identify areas where costs can
be reduced or eliminated, leading to more efficient and effective care delivery (Rahimi
et al., 2023).

In addition to the distribution of costs, it is possible to study, within each resource
and medication, which are most used in each of the care areas, study usage patterns and
professional preferences, for example, the consumables and medications used in surgery
(Figures C.9 and C.10). By employing micro-costing methods, where patient-specific re-
sources are meticulously identified and costed, it is possible to ”standardize” the use of
resources andmedicines, for less variability of products fromdifferent suppliers, enhance
contract negotiations, and study a more efficient and sustainable use of resources (Ricci
De Araújo et al., 2019).

By costing the areas for each clinical act carried out for a given pathology, it allows a
solid hospital internal budget projection to be made, relating the number of acts carried
out with the costs. Thus, ABC also becomes a tool that promotes efficiency in a hospital
strategy view, promoting the profitability of resources.

5.3 Clinical Pathway and Surgery Direct Cost

As a result of ABC methodology, it is possible to easily analyze the distribution of costs
within the defined comprehensive clinical pathway as well as the distribution of costs as-
sociated with surgical procedures. Given the diversity inherent in surgical interventions
conducted within the range of pediatric otorhinolaryngology, a broad spectrum of costs
has been observed across the two conducted evaluations, one for all types of surgeries and
one for the group of 3 of the most performed surgeries: tonsillectomy, adenoidectomy,
and myringotomy, along with their combinations.

In an initial analysis of the patient’s age distribution based on patient age, it was re-
vealed that the majority of otorhinolaryngology surgeries occur in the age range of 1 to 5
years old (67%), consistent with research (Children’s National Hospital, 2023; Schupper et
al., 2018). Upon scrutinizing the cost distribution within this age group, it was noted that,
despite variations in the mean andmedian, the cost range remains unchanged, signifying
that age does not contribute to cost variations along the activity pathway (C.13).

While examining the cost contribution to the overall clinical pathway for each of the
care areas, itwas substantiated that surgery accounts for 91%of the total costs (GraphC.1).
As a result of this observation, the cost distribution of surgery was analysed for direct
costs (Graph C.16), revealing a similar slight leftward skewness in costs, comparable to
that observed in the total clinical pathway cost (Graph 4.1). Furthermore, this analysis

33



CHAPTER 5. DISCUSSION

demonstrated analogous scope and identical outliers. The cost distribution high range
and outliers can be explained due to the existence of less complex procedures such as
foreign body extraction, presenting a lower cost, to more resource-intensive interventions
like the placement of cochlear implants, or more complex procedures, such as Endonasal
Microsurgery, which exhibits a superior average costs (Table C.21).

As depicted in the graphs 4.1 and C.16, given the wide range of costs and significant
variability in surgeries, a more specific studywas conducted for the threemost frequently
performed surgeries to achieve a more precise cost. When observing the cost of the total
activity cost pathway for the group of the three surgeries it was noted that as the number
of procedures performed increases, the average cost of the surgery also increases. This
increase is approximately 20 to 30% with the addition of one procedure (Graph C.14). As
mentioned before, this small increase shows that doing two procedures simultaneously
is more cost-effective than performing each procedure individually when it is necessary
to perform both procedures.

In this scenario, the cost distribution in the total clinical pathway, despite a mean de-
viation of 8% from themedian, exhibits a small left-ward skew and a smaller range of cost
(Figure 4.2). When analyzing the leftward slope and the presence of a median lower than
the average, it becomes evident that over 50% of the costs are below the average value.
In other words, a majority of surgeries have costs lower than the average. This situation
presents an opportunity to explore cost optimization due to the variance in values. On
another hand, there is a reduced presence of outliers compared to the equivalent analysis
conducted for all surgeries.

As displayed in Table B.6, the rate of hospitalization rises as the day progresses. While
surgeries, particularly tonsillectomies, adenoidectomies, and myringotomies, are typi-
cally low risk for outpatient settings, the surgeon has attributed these data to factors such
as the timing of the surgery. The proximity to nighttime, the patient’s distance from their
residence, and the administration of medication at that hour lead to the practical decision
for patients to stay overnight. Approximately 75% of surgeries are conducted as outpa-
tient procedures and the cost associated with post-operative hospitalization accounts for
just 1 to 3% (Figure C.1 and C.17). Also, the low risk of surgery is corroborated by the low
rate of post-operative problems (urgent care within 30 days post-surgery), which stands
at just 8%.

The distribution of costs for these surgical procedureswithin this group shows a slight
leftward skew, a greater disparity between the mean and the median, and a more re-
stricted range of costs compared to that of all surgeries (Figure 4.3). This scope is eluci-
dated by the combinations performedwith these three procedures, which elevate the cost
of surgery and consequently the clinical pathway, through an escalation in the number
of processes conducted within a single surgery.

A rationale behind the demonstrated cost range could be attributed to the diverse
payment methods. When utilizing insurers, public payers or full payment, the costs of
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surgical procedures and all other clinical interventions are charged at distinct values. Pay-
ment through insurance also varies among different insurance providers, contingent on
the coverage offered by the insurance and agreements established with the hospital. This
leads to the conclusion that the cost range is normal and is attributable to the various pay-
ment methods, highlighting that the average cost is an accurate and representative value
for these surgeries.

When comparing the analyses conducted for all surgeries and the subset of three surg-
eries, both in terms of surgical procedures and cost activity pathways, it is noticeable that
both the mean andmedian for the set of three surgeries are higher than those for all surg-
eries. This observation may be attributed to the prevalence of a substantial percentage
of low-cost surgeries, such as foreign body extraction, accounting for 6.4% (Table B.1 and
C.21). The presence of these lower-cost surgeries justifies the lower value for the overall
surgery costs in the distribution of costs for all surgeries.

In another analysis focused on cost distribution, the three surgeries exhibit 2% less
hospitalization and a marginal increase of 0.1% in CDTM (Figure C.1 and C.17). It is
important to highlight that even though this latter increase is minor, it holds significance
as only 37% of patients, in total, experience at least one episode of CDTM (Table B.10).

Through the implementation of an ABC system, it becomes feasible to gain insight
into the practices prevailing within the hospital setting, thereby enabling the projection
of not only the actual costs of surgeries but also the total clinical pathway for thesemedical
conditions.

On account of ABC, comprehensive and transparent cost data is generated for all par-
ties involved, this could enable stakeholders to gain insights into the actual costs associ-
ated with hospital activities (Fuchs et al., 2021).

5.4 Costing methodology in a Value-based Model

Considering that the intended model for application is a value-based healthcare model,
which relies not only on costing but also on patient-relevant outcomes of the full cycle of
care, concluding on value enhancement necessitates not only conducted costing but also
the evaluation of PROMS (Squitieri et al., 2017). This evaluation aims to delineate pa-
rameters that contribute value to the pediatric otorhinolaryngology surgery pathway. To
accomplish this, it is imperative to administer questionnaires tailored to the Portuguese
population. These questionnaires aid in defining criteria that extend beyond surgical suc-
cess, elucidating whether the procedures and various clinical interventions have added
value for the patient (ICHOM, 2023).

Activity-based costing allows for the costing of the entire patient journey, especially
in situations where the patient is directed toward surgery due to a specific pathology,
as literature suggests in a value-based healthcare model (Kaplan & Porter, 2011). How-
ever, solely through costing, it is inadequate to determine which interventions and pro-
cesses genuinely deliver value to the patient. Therefore, implementing cost-optimization
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changes requires prior establishment of what is deemed valuable for the patient (Teisberg
et al., 2020).

Clinicians and administrators can then work together to improve the value of care,
with the cost information provided and the outcomes that will be studied (Porter & Lee,
2013). This fact was emphasized and confirmed by the surgeon while reviewing the cost
study of the surgical value chain. It became evident that the data provided by ABC cost-
ing, the connection with the cost activity pathway, and clinical practices serve as an ex-
cellent starting point for a value-based healthcare approach. With great enthusiasm, the
surgeon demonstrated this to be necessary and fundamental for pediatric otorhinolaryn-
gology surgery, and that could potentially lead to more efficient, patient-centred treat-
ment, and the standardization of clinical practices.

When comparing the ABC method to TDABC in terms of the value of the costing
methodology, ABC appears to be more impartial. This is because when using TDABC,
it is assumed that the time cost driver will bring greater value to the patient (Etges et al.,
2020). However, time is a subjective variable that varies fromperson to person, depending
on their individual schedules and how busy they are (Špacírová et al., 2020). ABC enables
costing before establishing the value for the patient by utilizing cost drivers such as the
hospital expenses associated with performing the procedures. Hence, ABC, encompass-
ing the costs associated with all facets of pediatric otorhinolaryngology surgery, enables
a comprehensive assessment of costs before determining outcomes that are pertinent to
patients.
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6.1 Business Implications and Recomendations

As emphasized throughout this discussion, the ABC methodology serves as a costing
tool that facilitates insights into resource costs, treatment areas, and the average cost per
patient within the pediatric otorhinolaryngology clinical pathway.

Equippedwith this information, theHospital can leverage the obtained results, along-
side PROMS data collection, to support decision-making at both the hospital and clinical
levels, payment methods and budgetary allocations.

A more comprehensive understanding of costs in this surgical field will enable the
hospital to scrutinize resource utilization and establish more sustainable practices. With
the acquired data, the hospital can investigate the clinical pathways in use and explore
opportunities for optimizing and standardizing procedures among clinical staff. Further-
more, it can identify investment prospects in technological innovation.

By concurrently implementing VBHC, the hospital will enhance the value delivered
to pediatric ENT pathology patients, focusing on both outcomes and associated costs.

6.2 Limitations

When applying a costing methodology, various estimates and assumptions are made, of-
ten involving trade-offs or compromises between theory and practicality (Špacírová et al.,
2020). While the ABC methodology allows for the inclusion of indirect costs through the
use of cost drivers associating activity costs with their objects, it was chosen to consider
only the direct costs of the activities when measuring the costs of the surgeries under
study.

As outlined in the methodology, these direct costs are closely tied to the quality of the
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clinical services provided. Nevertheless, the pricing structure for Hospital services billed
to patients encompasses both direct and indirect costs. From a broader cost-reduction
perspective, it would be beneficial to also account for the indirect costs associated with
the pathology to optimize the overall cost efficiency (Chapman et al., 2016).

On the other hand, since payments to nurses are governed by contractual agreements,
their performance was not included in this study. The work of nurses directly influences
patient flow management, contributing to enhanced patient care quality and reduced
healthcare expenses (Benjamin & Jacelon, 2021). To accurately assess patient outcomes
and the efficiency of their work, a separate parallel study employing either the ABC or
TDABC methodology would be necessary.

Another limitation of the conducted study is that the costing is performed retrospec-
tively and does not encompass cost estimates for potential new therapies that may be
integrated into clinical practice in the future (Špacírová et al., 2020).

6.3 Future Work

As previously emphasized, to implement a VBHC methodology, it is imperative not only
to evaluate the costs inherent in the patient’s entire clinical pathway but also to consider
the pertinent outcomes that hold significance for the patient throughout is journey.

To achieve this, as part of future endeavours, it will be essential to collect PROMSdata.
This data collection aims to gain insight into what aspects are most relevant and deliver
the highest value in terms of treatment and the overall healthcare experience for patients.
With this information at our disposal, it becomes feasible to formulate a patient-centred
strategy that factors in the crucial outcomes for patients and the costs required to attain
these same outcomes.

Simultaneously, parallel studies can be conducted to design a value-based payment
model. This model will take into account the insights gained from the implementation of
VBHC, enabling the Hospital to incentivize payment models that enhance the quality of
treatment while maintaining cost-effectiveness (Teisberg et al., 2020).

Currently, payment is contingent upon contracts defined among paying entities, and
providers. These payment structures and contracts hinge on the volume of procedures
conducted, leading to an expansion of services and complexity that ultimately contribute
less value to the patient, alongside a notable escalation in costs. With the integration of a
value-based model, it becomes feasible to establish equitable remuneration with paying
entities for a predefined clinical pathway, encompassing the pertinent pathology and care
areas delivering the highest value to the patient (Mewara et al., 2023).

In the design of a payment model, it is necessary to measure and assess outcomes that
are relevant to pediatric patients undergoing otorhinolaryngology surgery. This involves
defining patient segment criteria, implementing risk adjustment measures, setting out-
come targets, and establishing reporting and cost parameters (Mewara et al., 2023). Value-
based payment models facilitate larger payment sums, thereby motivating providers to
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emphasize prevention, early diagnosis, and proactive treatment with the goal of mini-
mizing overall costs to the healthcare system (Horner et al., 2019).

Due to the utilization of the ABCmethodology, a top-downmicro-costingmethod, we
have access to data regarding the average cost per patient for surgery and the clinical path-
way, the average cost and cost distribution within each treatment area, and the average
cost for each phase of the treatment. This information serves as a foundation for hospital
reimbursement and enables us to develop and substantiate a value-based payment ap-
proach, such as a bundle payment model. This model encompasses the entire treatment
cycle for a specific medical condition or preventive treatment for a defined population,
such as pediatric otorhinolaryngology pathologies (Navathe et al., 2021).

6.4 Research Conslusions

The ABC methodology, a top-down micro-costing method, enables the allocation of ac-
tivity costs to individual cost objects within them through the use of cost drivers. This dis-
sertation applied the activity-based costing method to the otorhinolaryngology surgery
value chain, accomplishing the primary goal of attaining detailed and precise cost data
for the entire patient journey.

In summary, considering the results and discussions within the dissertation, ABC
methodology facilitated the computation of healthcare costs, including the average cost
per patient for both the clinical pathway and surgeries. It not only allowed us to ascer-
tain the actual expenses incurred across all surgeries but also, more specifically, in the
case of the most frequently performed procedures: adenoidectomy, tonsillectomy, and
myringotomy.

By measuring the average costs per patient, it is evident that the costs incurred in
both the clinical pathway and surgery albeit with a slight leftward skew in the distri-
bution graphic. The notable dispersion of costs, accompanied by several outliers, can
be attributed to surgery, as it accounts for approximately 90% of the total costs of the
clinical pathway, especially due to the considerable number of procedures, each varying
in complexity and resource intensity. When specifically examining the three surgeries—
adenoidectomy, tonsillectomy, andmyringotomy—distributionwith a leftward skewwas
observed. This distribution exhibited a narrower range of costs and a reduced number of
outliers.

ABC also enabled the identification of cost distribution within each treatment area,
clearly highlighting labour costs as the primary cost driver. This identification of re-
sources and their respective contributions to costs paved the way for a detailed study
of opportunities for more sustainable resource utilization and the reduction of excessive
and unnecessary resource consumption across all activities.

Due to the complexity and themultitude of activities within the clinical pathway, ABC
has proven to be a straightforward and practical methodology that accommodates the
allocation of a substantial number of activities and patients.
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ABC facilitated the assessment of costs incurred by healthcare professionals, high-
lighting variations in clinical practices. In the context of VBHC, ABC costing plays a piv-
otal role in justifying and supporting decision-making. With a deeper understanding of
hospital activity cost accounting, managers and healthcare professionals can collaborate
across disciplines to develop measures for optimizing costs and reengineering processes.

Given the substantial variability in clinical pathways, ABC costing allowed for statis-
tical analysis of average costs within distinct sets of clinical paths. This analysis revealed
that the utilization of healthcare areas like CDTM, clinical pathology, external consulta-
tion, imaging, and urgent care did not significantly alter or increase the clinical pathway
average costs.

Furthermore, in addition to cost per activity, this methodology enables the measure-
ment of costs per treatment phase, encompassing expenses related to diagnosis, surgery,
post-operative care, and patient follow-up.

Additionally, the ABCmethodology, by identifying and studying the activities under-
taken by each patient along the clinical pathway, has revealed opportunities for enhanc-
ing quality, particularly in outpatient and inpatient surgical cases, as well as in addressing
the severity of the treated conditions. It enables the identification of cost-effective treat-
ment strategies, standardization, and technological innovations while preserving quality.
Involving healthcare professionals in this process fosters greater awareness of incurred
costs.

In conclusion, as a cost engineeringmethod, ABC enables precise cost calculations, fa-
cilitating the application of the VBHCmethodology. This, in turn, leads to improved out-
comes in pediatric otorhinolaryngology surgery and the implementation of value-based
payment models.
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D
IX A

METHODOLOGY AND DATA TREATMENT

This appendix contains figures and tables related to the data provided by the hospital’s
information system, data processing, and the methodology employed in the study.
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APPENDIX A. METHODOLOGY AND DATA TREATMENT

Figure A.1: Table with the data provided for each patient common in all care areas
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Figure A.2: Table with the data provided for each patient in the following care areas:
clinical pathology, hospital stay, operating room.51
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Figure A.3: Table with the data provided for each patient in the following care areas:
external appointment, imagiology, urgent care, CDTM.52



Figure A.4: Example of Clinical Pathway defined for five patients

Figure A.5: Example of the cost matrix provided by the Hospital
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Figure A.6: Example of Clinical Pathway defined for five patients with the cost for care
area
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Figure A.7: Visualization of the clinical pathway performance regarding the median du-
ration between events (made in DISCO) 55
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Figure A.8: Visualization of the clinical pathway case coverage between events including
50.2% of the total paths (made in DISCO) 56



FigureA.9: Visualization of the different pathways practiced by patients (made in DISCO)
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D
IX B

RESULTS ACTIVITY PATHWAY

This appendix contains figures and tables related to the results obtained from the study
of the patients’ activity pathway.

Table B.1: Most performed types of surgeries in ENT pedriatic

Surgery Type Percentage of Surgery

Adenoidectomy 34.5%
Myringotomy 24.9%
Tonsillectomy 22.8%
Foreign Body Extraction 3.8%
Turbinectomy 3.3%
Endonasal Microsurgery 2.0%
Septoplasty 1.7%
Tympanoplasty 1.5%
Mastoidectomy 1.3%
Tympanomastoidectomy 1.2%

Table B.2: External activity pathway analysis

External Consultation No of Patients % of Patients

Episode 578 77%
Episode in Diagnosis 523 70%
Episode in Follow-up 439 59%
ENT Episode 561 75%

58



No of Consultations 1934 100%
No Appointments in Diagnosis 1142 59%
No Appointments in Follow-Up 794 41%

Table B.3: Average external consultation for patient

External Consultation Average

Appointment for Patient 4
Diagnosis Appointment for Patient 2
Follow-up Appointment for Patient 2

Table B.4: Emergency Care activity pathway analysis

Emergency Care No of Patients % of Patients

Episode 163 22%
Episode in Diagnosis 101 14%
Episode in Follow-up 82 11%
Episode in Follow-up <30 days 60 8%
Episode in Surgery 10 1%

Table B.5: Hospitalization activity pathway analysis

Hospitalization No of Patients % of Patients

Episode 187 25.0%
Surgery Hospitalization Episode 182 24.3%

Average Duration 1.5 (days)

Table B.6: Number of Surgeries for scheduled time and hospitalization rate

Surgery Scheduled Time No of Surgery % of Hospitalization

Morning (08h-12h) 334 12%
Afternoon (12h-16h) 266 29%
Late Afternoon (16h-20h) 130 42%
Night (20h-00h) 14 57%
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Dawn (>00h) 2 100%
Without Hour 2 50%

Table B.7: Clinical Pathology - activity pathway analysis

Clinical Pathology No of Patients % of Patients

Episode 127 17%
Diagnosis Episode 114 15%
Follow-up Episode 9 1%
Surgery Episode 7 1%

Table B.8: Imagiology - activity pathway analysis

Imagiology No of Patients % of Patients

Episode 78 11%
Diagnosis Episode 74 10%
Follow-up Episode 5 1%

Table B.9: Imaging Exams performed in ENT pedriatic

Surgery Combinations Percentage of Surgery

Cavum X-ray 37%
CT Sinuses 16%
Torax X-ray 10%
CT Neck 6%
Transportable X-ray 6%
CT Ears 5%
CT Face 3%
CT Contrast 3%
CT Spn 3%
CT Chest 2%
MRI Ears 1%
Eco Complementary Study 1%
MRI Spesctroscopy 1%
Cranial Morphological 1%
MRI Orbit 1%
CT Larynx 1%
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Orthopantomography 1%
Thyroid Biopsy 1%
Ultrasound Soft Tissues 1%

Table B.10: Othorynolaryngoly CDTM- activity pathway analysis

Othorynolaryngoly CDTM No of Patients % of Patients

Episode 280 37%
Diagnosis Episode 226 30%
Follow-up Episode 114 15%
Diagnosis and Follow-Up Episode 65 9%

Table B.11: Average Othorynolaryngoly CDTM for patient

Othorynolaryngoly CDTM Average

Appointment for Patient 2
Diagnosis Appointment for Patient 2

Table B.12: CDTM Exams performed in ENT pedriatic

CDTM Combinations Percentage of CDTM

Pure Tone Audiometry 33.0%
Impedance Study 27.6%
Tympanogram 21.2%
Pure Tone Audiogram 6.9%
Otoemissions 5.8%
Auditory EV Potentials 2.4%
Tympanometric Study 1.0%
Speech Therapy 0.8%
Vocal Audiograms 0.7%
Central Processing Hearing 0.1%
Protein Audiogram 0.1%
Microlaryngoscopy 0.1%
Rhinoscopy 0.1%
Oropharyngeal Biopsy 0.1%
Polygraphic Record of Night Sleep 0.1%
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Figure B.1: Surgeries combinations performed in ENT pedriatic

Table B.13: Patient percentage of each assistance area in the activity pathway

Assistance Area % Start of Clinical Path % End of Clinical Path

Surgery 34.6% 32.6%
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Outpatient Consultation 43.1% 47.6%
Emergency Care 7.1% 3.9%
Hospitalization 2.0% 8.2%
Clinical Pathology 2.7% 2.7%
Imaging Exams 1.9% 1.3%
CDTM 8.7% 3.7%

Table B.14: Case coverage percentage for each assistance area

Assistance Area % Case Coverage

Surgery 100.0%
Outpatient Consultation 77.3%
Emergency Care 21.8%
Hospitalization 25.0%
Clinical Pathology 17.0%
Imaging Exams 10.6%
CDTM 37.4%

Table B.15: 10 activity pathways comprising 436 variations of paths for all types of surg-
eries (data provided by DISCO)

activity pathway % Case Coverage

Surgery 15.5%
Surgery -> OC 2.9%
OC -> Surgery -> OC 2.4%
Surgery -> Hospitalization 2.3%
OC -> OC -> Surgery 2.3%
OC -> Surgery 2.3%
Surgery -> OC -> OC 1.6%
OC -> OC -> Surgery -> OC 1.3%
Surgery -> OC -> OC -> OC 0.9%
Emergency Care -> Surgery 0.9%

Table B.16: 15 activity pathways comprising 328 variations of paths for the group of surg-
eries: adenoidectomy, myringotomy and tonsillectomy (data provided by DISCO
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activity pathway % Case Coverage

Surgery 18.7%
Surgery -> OC 3.5%
OC -> OC -> Surgery 2.4%
OC -> Surgery -> OC 2.4%
OC -> Surgery 2.2%
OC -> OC -> Surgery -> OC 1.5%
Surgery -> Hospitalization 1.3%
Surgery -> OC -> OC 1.3%
Surgery -> OC -> OC -> OC 1.1%
Emergency Care -> Surgery 0.7%
OC -> OC -> OC -> Surgery 0.7%
OC -> Surgery -> Hospitalization 0.7%
OC -> Surgery -> OC -> CDTM -> OC 0.7%
Surgery -> OC -> OC ->OC -> OC -> OC 0.6%
CDTM -> CDTM -> OC -> OC -> Surgery 0.6%
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Figure B.2: Surgery percentage of hospitalization and ambulatory procedures
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D
IX C

RESULTS COSTING METHODOLOGY

This appendix contains figures and tables related to the results obtained from the study
of the costing methodology.

Figure C.1: Proportion of total cost distribution for Hospital Areas - Var1:Emergency care,
Var2: Surgery, Var3: CDTM, Var4: Hospitalization, Var5: External Consultation, Var6:
Imagiology, Var7: Clinical Pathology.
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Figure C.2: Emergency care objects of cost and cost distribution

Figure C.3: External consultation objects of cost and cost distribution

Figure C.4: Hospitalization objects of cost and cost distribution

Figure C.5: Imagiology objects of cost and cost distribution

67



APPENDIX C. RESULTS COSTING METHODOLOGY

Figure C.6: CDTM objects of cost and cost distribution

Figure C.7: Clinical Pathology objects of cost and cost distribution

Figure C.8: Surgery objects of cost and cost distribution

Table C.1: Total personnel cost weighted percentage in the activity cost pathway

Assistance Area % Personnel Cost % Total Cost % Personnel Cost Weighted

Surgery 83.7% 90.97% 76.1%
Outpatient Consultation 99.9% 4.03% 4.0%
Emergency Care 92.9% 0.64% 0.6%
Hospitalization 77.1% 3.03% 2.3%
Clinical Pathology 12.7% 0.16% 0.02%
Imaging Exams 88.3% 0.19% 0.2%
CDTM 97.1% 0.99% 1.0%
Total 100% 84.2%
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Figure C.9: Surgery objects of cost and cost distribution - Consumables

Table C.2: Total consumables weighted percentage in the activity cost pathway

Assistance Area % Personnel Cost % Total Cost % Personnel Cost Weighted

Surgery 11.7% 90.97% 10.6%
Outpatient Consultation 0.0% 4.03% 0.0%
Emergency Care 4.2% 0.64% 0.02%
Hospitalization 5.9% 3.03% 0.1%
Clinical Pathology 0.0% 0.16% 0.0%
Imaging Exams 0.0% 0.19% 0.0%
CDTM 0.9% 0.99% 0.0%
Total 100% 10.7%
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Figure C.10: Surgery objects of cost and cost distribution - Medicines

Table C.3: Total medicines weighted percentage in the activity cost pathway

Assistance Area % Personnel Cost % Total Cost % Personnel Cost Weighted

Surgery 3.2% 90.97% 2.9%
Outpatient Consultation 0.0% 4.03% 0.0%
Emergency Care 2.0% 0.64% 0.01%
Hospitalization 11.7% 3.03% 0.4%
Clinical Pathology 0.0% 0.16% 0.0%
Imaging Exams 1.1% 0.19% 0.0%
CDTM 0.7% 0.99% 0.0%
Total 100% 3.3%
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Figure C.11: Histogram cost distribution of the total clinical pathway

Figure C.12: Patients age distribution
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Figure C.13: Direct cost of the total activity cost pathway for age
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Figure C.14: Direct cost of the total activity cost pathway for the most five performed
surgeries
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Figure C.15: Direct cost of the total activity cost pathway for themost performed surgeries

Figure C.16: Surgery total direct cost and distribution graphic

74



Figure C.17: Hospital Areas proportion of total cost distribution for the group of the three
surgeries - Var1:Emergency care, Var2: Surgery, Var3: CDTM,Var4: Hospitalization, Var5:
External Consultation, Var6: Imagiology, Var7: Clinical Pathology.

Figure C.18: Patients age distribution for the group of the three surgeries
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Figure C.19: Surgery procedure distribution for surgeon

Figure C.20: Average cost for surgery procedure: adenoidectomy, myringotomy and ton-
sillectomy
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Figure C.21: Average cost for surgery procedure
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Figure C.22: Clinical pathways percentage of case coverage

Figure C.23: ANOVA statistical test for the nine most common pathways

Figure C.24: ANOVA statistical test for the most common pathways (without the only
surgery path)
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Figure C.25: Turkey statistical test for the nine most common pathways

Figure C.26: Activity cost pathway components average cost

Figure C.27: Activity cost pathway components average cost - adenoidectomy, myringo-
tomy and tonsillectomy
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Figure I.1: Box and Whisker Charts illustration (Ferreira et al., 2016)
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