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Abstract 

 

 

With quality, outcomes and value the “buzzwords” for this century, healthcare stakeholders are slowly 

changing their approach in delivering healthcare, embracing the value-based healthcare (VBH) 

concept. VBH is a healthcare delivery model with the overarching goal of deliver value to patients 

[Porter (2009)]. This model is composed by six elements, among them measuring outcomes reported 

by patients per medical condition and over the full cycle of care. Like any other model, its 

implementation is gradual. Therefore, healthcare providers should aim for a smooth start with medical 

conditions for which a fair amount of good data is available and with clinicians that are willing to 

embrace the VBH model. As such, healthcare providers must prioritize medical conditions based on 

clear tangible criteria.  

This master thesis was developed in collaboration with José de Mello Saúde and presents a 

multicriteria decision model developed in M-MACBETH, that can help healthcare providers in 

Portugal prioritize VBH strategies, i.e. deciding which is the next medical condition and respective 

hospital that should be covered by this VBH model. To test the model, the José de Mello Saúde case 

study is presented. This Portuguese private provider has been implementing VBH since 2015 in 5 

medical conditions and 3 hospitals. However, the ultimate goal is to extend the model to all medical 

conditions and hospitals within the group, so it is important to define a clear structured strategy for 

the future capable to prioritize medical conditions and hospitals. Thereby, the model was able to rank 

81 VBH strategies (pair: medical condition-hospital), based on 10 criteria defined in collaboration 

with the clinical board of José de Mello Saúde (the decision maker in this master thesis multicriteria 

decision model). From those, 19 were above the good reference level. Besides that, an exhaustive 

cost analysis was made regarding the cost of implementing the VBH model in each of those 81 

(medical condition-hospital) pair. All results were subjected to sensitivity and robustness analysis, 

which reflected how consistent results were. From a future perspective the model should be able to 

cope with other medical conditions and other providers, under a revision of criteria to make sure that 

reflects as far as possible the reality of each provider.  
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Resumo 

 

Alinhados com as “buzzwords” deste século no sector da saúde, entre elas qualidade, resultados e 

valor, os stakeholders começam progressivamente a mudar a sua abordagem na prestação de 

serviços de saúde, adotando o conceito de “value-based healthcare” (VBH). VBH é um modelo de 

prestação de cuidados de saúde com o objetivo global de entregar valor ao doente [Porter, (2009)]. 

Este modelp é composto por 6 elementos, entre eles a medição de resultados reportados pelo 

doente ao nível da patologia e ao longo de todo o ciclo de tratamento. Tal como qualquer outro 

modelo, o processo de implementação é gradual. Assim, os prestadores de cuidados de saúde 

devem começar por abranger o conceito de VBH a patologias para as quais existe casuística e 

existe predisposição da equipa clínica para adotar o modelo de VBH. Assim, é necessário prioritizar 

as patologias com base em critérios tangíveis bem definidos.  

Neste sentido, esta dissertação de mestrado foi desenvolvida em colaboração com a José de Mello 

Saúde e apresenta um modelo de decisão multi-criterial desenvolvido em M-MACBETH capaz de 

apoiar os prestadores de cuidados de saúde portugueses a prioritizar estratégias de VBH, ou seja, 

a decidir qual é a próxima condição médica e respectivo hospital que deve ser abrangido pelo 

modelo de VBH. Numa lógica de teste da metodologia proposta nesta dissertação, é apresentado o 

caso de estudo da José de Mello Saúde. Este prestador privado português têm vindo a implementar 

o modelo de VBH desde 2015 em 5 condições médicas e 3 hospitais. No entanto o objectivo final é 

que o modelo de VBH se estenda a todas as condições médicas e hospitais e por isso é importante 

definir uma estratégica clara e estruturada para o futuro, capaz de prioritizar condiçoes médicas e 

hospitais. Assim, critérios definidos em conjuto com o conselho clínico da José de Mello Saúde ( o 

decisor no modelo multicritério desta dissertação). Assim, o modelo foi capaz de ordenar 81 

estratégias de VBH (pares: condição médica-hospital) com base em 10 critérios definidos em 

colaboração com o conselho clínico da José de Mello Saúde. Destas 81 estratégias, 19 ficaram 

acima do nível bom de referência. Para além destes resultados, foi feita uma análise de custo relativa 

ao custo de implementação do modelo de VBH de cada par estratégia. Todos os resultados foram 

submetidos a análises de sensibilidade e robustez que reflectem o nível de consistência dos 

resultados. De uma perspectiva futura o modelo deve ser capaz de dar resposta a outras condições 

médicas e outros prestadores de saúde após revisão dos critérios para garantir que reflectem a 

realidade de cada. 

 

Palavras-chave- Resultados em saúde baseados em valor, Modelo de apoio à decisão 

multicriterial, MACBETH, Medições de resultados reportados pelo doente. 
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Chapter 1 

1. Introduction 

1.1 Motivation 

 

For several decades, the world has been dealing with two tremendous problems in healthcare: The first 

one is the access to care - if patients don´t have access to care, the healthcare system becomes 

fundamentally compromised. The second one, is more complex and is related to the definition of value 

in healthcare [Porter and Teisberg, (2006)]. Traditionally, value has been defined through clinical 

outcomes such as improving blood test parameters, system-level outcomes, such as reducing the level 

of non-attendance and demographic outcomes such as mortality rates. However, it has been really hard 

for healthcare organizations to improve outcomes despite their best intentions and despite how obvious 

the patient’s needs are [Porter and Lee, (2013)]. Healthcare organizations are stuck in a fragmented 

and ineffective system, and unfortunately for far too long, they tried to improve the system through some 

discrete and incremental strategies such as grow volumes, maintain margins and contain costs. As a 

result, the healthcare sector reached an unsustainable status from both quality and costs perspectives 

that can no longer face the demands of an ageing population with multiple comorbidities associated with 

unsustainable costs that OECD foresee for the next 30 years. Given such an alarming scenario, the 

pressure for a fundamental change is getting bigger, but as it was already mentioned, meaningful 

change has been limited.  

The reason why the world is facing these challenges is due to an incorrect definition of value that led 

stakeholders to measure the wrong outcomes and pursuit for the wrong goals. [Porter and Teisberg, 

(2006)]. The real definition of value in health is translated by a simple equation: value equals to the 

outcomes achieved for patients relative to the money spent to achieve those outcomes, over a full cycle 

of care of a given medical condition. 

Aligned with this definition of value, back in 2006 professors Michael Porter and Elizabeth Teisberg 

introduced the value-based healthcare (VBH) concept, which is expected to be a turning point in the 

healthcare history. VBH is a healthcare delivery model with the overarching goal of deliver value to 

patients – not access, cost containment, convenience or customer service [Porter, (2009)]. 

According to professor Michael Porter, healthcare organizations must recognize that there is a serious 

mistake inherent to the underlying structure of the healthcare delivery system, that is notorious if health 

is approached from a business perspective. In any other business, there is only a market if customers 

have the power to choose – in the automotive industry, customers are free to choose their car’s brand, 

color and stand. They have access to all information regarding the car technical qualities and cost. In 

this way, customers know exactly what to expect. Within the healthcare industry, where patients are the 

customers, the reality is different. To date, patients have limited power to participate in decisions that 

concern their own care. For instance, patients do not  have access to provider results and experience 

in treating a given medical condition, do not  know how much their full cycle of care will cost, will probably 
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be referred to a provider closer to its home for commodity reasons, will not have opportunity to express 

their concerns and preferences in any point of their cycle of care and if they need to access care services 

outside their health plan coverage, will probably fall in out-of-pocket payments. This is a clear reflection 

of how misaligned the healthcare sector is with what matters most for patients. A value-based healthcare 

delivery system is a patient centered system where all healthcare stakeholders are focused on achieving 

the best patient health outcomes per dollar spent, at a medical condition level and over the full cycle of 

care. However, making this a reality is not trivial. According to Porter and Teisberg, 2006, six steps are 

needed to fully implement the value-based healthcare system in a hospital: 

 

1- Create Integrated Practice Units (IPUs) – reorganize care by moving away from a hospital 

segmented in medical specialties such as oncology, to a hospital organized in integrated 

medical conditions units, such as the breast cancer IPU.  

2- Measure Outcomes and Costs – measure not only clinical and process outcomes but also 

patient reported outcomes and the cost of the full cycle of care. Patient reported outcomes are 

the ones that really express what matters for patients. As an example, if a patient is diagnosed 

with prostate cancer, the doctor is focused on PSA levels (Prostate-specific antigen), while the 

patient is worried about urinary incontinence and sexual dysfunction. In a VBH system, the 

doctor would be worried about both PSA levels and if the patient will be able to lead a healthy 

productive life. 

3- Implement bundled prices – one price for the full cycle of care. In this way, the price for a hip 

replacement will include pre-op evaluation, lab tests, radiology, surgery and related admissions, 

prosthesis, drugs, inpatient rehab up to a week, follow-up visits within 3 months and any 

additional surgery within 2 years. 

4- Integrate systems – integrate care across a network of hospital facilities, so patients can be 

followed by excellent providers even if they are geographically distant. The idea is that each 

provider can be focused on delivering just a few healthcare services but assures that those 

services are delivered with true excellence, instead of being a one-stop shop that delivers low 

value healthcare services. In this way, providers will be able to concentrate volume by medical 

condition at the appropriate facilities and moving non-acute care out of heavily resourced 

hospital facilities, promoting outcomes improvement and costs reduction. 

5- Geographically Expand – not by building new facilities but by affiliating with community 

providers to extend the reach of IPUs. Through this strategy, rural and community hospitals will 

be able to deliver excellent services. 

6- Build an IT platform – this tool would integrate all patient data across the full care cycle and 

would enable communication among different providers and payer organizations. These data 

would be collected in a structured way rather than free text, and common data definitions would 

allow for providers to report effectively the measured outcomes. 
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Implementing such a value agenda is a long-term process where each healthcare stakeholder has a 

fundamental role to play: 

 

- Providers: By focusing on value (better care for less cost), providers can increase satisfaction 

among patients and employees, achieve better outcomes, reward excellence, and keep up with 

medical advances and technology innovation; 

- Health Plans: Health plans can start to compete for subscribers based on the ability to achieve 

positive health outcomes and reward providers based on outcomes; 

- Employers: Employers can opt for plans based on health results capable to support employees 

in managing their health; 

- Policymakers: Policymakers can create a national framework for outcomes registry organized 

per medical condition and link reimbursement to outcome reporting; 

- Suppliers: Suppliers can concentrate on full cycles of care instead of narrow medical products 

or services;  

- Patients: Patients can gather information on physicians and health plans results, and seek 

healthcare services based on this information; 

 

The value-based healthcare system is not a project anymore. There are several examples around the 

world where this value-agenda was successfully implemented. Santeon, a Dutch network of seven 

leading teaching hospitals started this VBH journey on 2015 and in just one year and a half, achieved 

outstanding outcomes: it reduced in nearly 30% unnecessary inpatient stays and in 74% the rate of 

reoperations due to complications in breast cancer patients, just by shifting the core of its strategy from 

meeting protocols and guidelines, to looking to what matters most for patients [Boston Consulting Group 

(2018) – How Dutch Hospitals Make Value-Based Health Care Work]. Santeon began to implement 

IPUs in 5 medical conditions: breast cancer, prostate cancer, lung cancer, cerebrovascular accident and 

hip arthrosis, and for each medical condition a scorecard of outcomes, costs and process indicators was 

defined. Then physicians started sharing their outcomes among the 7 hospitals to foster internal learning 

through standardized improvement cycles for each medical condition that involved data collection, data 

analysis, identification of areas for improvement and implementation of improvement action steps. 

Finally, after 3 improvement cycles for each medical condition, Santeon shared its results externally and 

engaged with payers to move toward bundled prices and rewards, leveraging transparency around 

health outcomes.  

From Santeon experience, it is clear how determinant is to have all stakeholders deeply committed to 

what means to deliver value in health. According to Santeon’s medical professionals, providers should 

be pragmatic and start smoothly with medical conditions for which quality standards are already defined. 

This process of prioritizing medical conditions should be based on clear criteria such as improvement 

potential or clinical team enthusiasm. However, it is not public how exactly Santeon prioritizes VBH 

strategies, for instance which criteria do they use to decide which is the next medical condition that 

should be covered by the VBH system. In fact, to date, literature do not include any methodology to do 

that, which is a barrier for providers to implement the VBH model. Therefore, it is important to fill this 
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gap, so more providers be encouraged to embrace VBH in a framework aligned with their own particular 

reality (patients’ profiles, healthcare services scope, facility features and available resources). In this 

sense, this master thesis wants to come through this drawback by developing a tool capable to help 

providers prioritizing VBH strategies. Given the problem nature, this tool needs to consider all relevant 

criteria that can impact the prioritization process. With that said, a multicriteria decision model based on 

the MACBETH method is proposed.   

To test this model, a case study based on the clinical context of José de Mello Saúde (JMS) is presented. 

 

1.2 Case Study - José de Mello Saúde 

 

José de Mello Saúde is a Portuguese private corporate group of healthcare provision since 1945. Its 

activity is developed through a network of 7 CUF hospitals, 10 CUF outpatient clinics and 2 private-

public hospitals, totalling 19 health units widely dispersed across Portugal. JMS is the biggest private 

healthcare provider in Portugal, that employ 8.058 people, and generate more that € 600 million in 

annual revenues. Over the last year, JMS admitted 1.1 million patients, performed 93 thousand 

surgeries, 2.4 million medical consultations and 7843 births [Integrated Report (2017) – José de Mello 

Saúde]. JMS market position is defined by 5 elements: clinical differentiating projects, patient’s 

irreprehensible experience, consistent and efficient operation, growth agendas capable to generate 

value and investment on human talent. One of the clinical differentiating projects, is the value-based 

healthcare program of JMS launched in 2015. During the first stage, the advisory clinical board of JMS 

(group of clinical and non-clinical directors of JMS), designed the program in collaboration with the 

International Consortium for Health Outcomes Measurement (ICHOM) and identified 13 medical 

conditions with high potential to be integrated in the VBH program over the next 3 to 5 years. To come 

up with 13 medical conditions, 3 factors were considered based on the clinical board expertise and 

experience:  

i. Firstly, the volume of JMS clients diagnosed with a given medical condition; 

ii. Secondly the availability of ICHOM standard set;  

iii. Thirdly the level of alignment with the clinical differentiating project strategic element of 

JMS; 

Therefore, still in 2015, JMS began implementing the program in HCD to patients who needed a cataract 

surgery. To follow the value-agenda, a multidisciplinary clinical team was built, and patient reported 

outcomes started to be collected in alignment with the cataracts ICHOM standard set. In parallel, a 

support team with managers and data analysts began to process the data and shared results with both 

clinical team and JMS board. Among those results, it was possible for instance to know that 88.4% of 

JMS clients reported better visual function after the surgery. Since then, 5 medical conditions distributed 

by 3 CUF hospitals, were successfully covered by the program (Figure 1.1) and are still running. In 

general terms, the program activities had been the administration of PROMs forms, the administration 

of clinical forms to be filled by clinicians, the design of patient and clinical pathways, the development 

of web registry platforms, the detailed data processing and analysis, and the production of follow-up 
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reports to monitor all activity. All these activities had been involving several participants that integrate 

one of the 2 program teams: the VBH team and the clinical team. The first one, is composed by the 

project lead, the project manager, 4 non-clinical health technicians and 1 administrative assistant. This 

team had been responsible for the back-office activity of the program, which includes all tasks with 

exception of those that require the direct contact with JMS clients. On the other hand, the clinical team, 

always include more than 1 doctor, exactly 1 clinical lead and 1 production manager, and most of the 

times include nurses and/or clinical health technicians. The clinical team dimension varies according to 

the medical condition and CUF hospital, but all clinical teams execute the front-office tasks: 

administration of PROMs forms to JMS clients, filing of clinical forms, and clinical validation of the clinical 

and patients’ pathways. 

Once several patient reported outcomes measures already existed for cancer medical conditions, in 

2016, JMS took another major step toward the fully implementation of VBH – it launched the Oncology 

CUF Institute (I.C.O), a network of cancer IPUs. The I.C.O started with breast cancer but at the time is 

composed by 15 IPUs. Each IPU has its own facility and is responsible to deliver the best possible value 

at the lowest possible cost to each patient over the full care cycle.  

Despite all JMS efforts, the VBH program path started to be less clear when the clinical board was asked 

to define which VBH strategy JMS should follow next, i.e. which should be the next medical condition 

and corresponding CUF hospital covered by the VBH program.  

Therefore, it became clear that those initial 3 factors were not enough anymore to make an informed 

decision.  The clinical board of JMS needed a tool capable to help them prioritizing VBH strategies within 

the group. 

 

 
Figure 1-1: JMS VBH program timeline of activities  
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1.3 Objectives and Methodology        

 

This thesis has two fundamental goals, a short and a long-term goal: 

a) In short term develop a multicriteria decision support model using the MACBETH 

approach, to address the following question: Which is the next medical condition and respective CUF 

hospital, that should be integrated in the VBH program of José de Mello Saúde? 

b) In long term, identify improvement opportunities within the healthcare service delivery 

in 13 medical conditions over 7 CUF hospitals, to minimize as far as possible, the heterogeneity of 

clinical practices. 

Once those goals are fulfilled, it´s expected that this model becomes a management tool capable to 

help José de Mello Saúde to prioritize value-based healthcare strategies.  

 

1.4 Thesis Outline 

 

This master thesis is organized as follows: Chapter 2 includes some basic theoretical concepts, 

including key notions on value-based healthcare and multicriteria decision analysis in health. Chapter 3 

gives an overview of the proposed methodology and details each step as clearly as possible. A detailed 

application of this methodology is presented in Chapter 4, with the final goal of building a multicriteria 

decision model that aid the decision of the clinic advisory board of JMS to choose which is the next 

medical condition and respective CUF hospital that should be integrated in the VBH program. The 

results from the applied methodology are presented and discussed in Chapter 5, including the results 

from the sensitivity and robustness analysis. Finally, Chapter 6 outlines the main conclusions of this 

work and presents possible developments for future work. 
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Chapter 2 

2. Background Concepts and Literature Review 

This section starts with a review of the current European health status, then the state of the art on value-

based healthcare (VBH) is analyzed along with the six-step framework proposed by Professors Michael 

Porter and Elizabeth Teisberg. Some key theoretical concepts around challenges in measuring costs of 

quality measuring in healthcare are also explored and finally the results of a literature review of MCDA 

in healthcare are presented.  

2.1 Portuguese Health Status  

 

With quality, outcomes and value the “buzzwords” for this century, healthcare stakeholders are slowly 

changing their approach in delivering healthcare. Ensuring that spending on health, delivers value for 

money is a priority and at the same time, the quality of healthcare services is an increasingly concern 

area that starts to demand great transparency and accountability. The current context of health 

reinforces the need for a new approach in healthcare. In fact, the world is facing multiple morbidities of 

an aging population, increasing prevalence of chronic diseases, escalating costs and healthcare 

inequalities [2018 Global health care outlook: The evolution of smart health care – Deloitte Report].  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2-1:Statistical facts from the World Health Organization that reflects some of the issues that the world is 
facing. 

 

According to the most recent OECD data, the scenario on health spending is similar among all EU 

countries: since 1970, health spending grew until a pick was reached during the financial crisis (around 

2008-2010). Once health in Europe was being funded for ¾ from public sources, it was necessary to 

contain the spending in the sector. As a consequence, health spending fell and has been stabilized in 

the recent years, accounting for close to a tenth of total economic activity in 2017.  

“Between 2015 and 2050, the proportion of the world’s 
population over 60 years will nearly double from 12% to 
22%.”

"The percentage of the world’s total financial resources 
devoted to health currently spent in OECD countries is 
84%.” 

“At least half of the world’s 7.3 billion people still lack full 
coverage with essential health services”
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In Portugal the reality was no different and by looking at figure 2.2, one can see that health spending in 

Portugal represented 8.98% of the total GDP in 2017, which putted Portugal at the middle of the 

European scale, with France and Luxembourg the maximum and minimum extremes respectively.  

However, OECD forecasts a growth in future healthcare expenditures and one of the main drivers is the 

fact that the world’s population over 60 years will nearly double in the next 30 years.  

With that said, monitor the ageing of populations through demographic indicators, became a primary 

concern. The ageing index is one of the most common demographic indicators used to relate the elderly 

and young populations. It is a ratio of the number of elderly people aged 65 and over, to the number of 

young people aged 0-14. Usually this indicator is expressed per 100 people aged under 15, which 

means that since 2001 there are more elderly people than young people in Portugal (Figure 2.3).  

In fact, the ageing index never stopped growing since 1961, and in 2016, Portugal was the third country 

in Europe with the highest ageing index of 148.7%, below Germany (158.7%) and Italy (163.4%). 

Unfortunately, according to the future projections of resident population of Instituto Nacional de 

Estatística published in March 2017, the demographic aging in Portugal will continue for the next 40 

years. In detail, between 2016 and 2080 the number of young people will decrease from 1.5 to 0.9 

million, while the number of elderlies will increase from 2.1 to 2.8 million, which together will more than 

double the ageing index from 148.7% to 317% (Figure 2.4). 

 

 

Figure 2-2:Evolution per year of health spending since 1970 until 2017 in Europe, measured as a share of the 
gross domestic product (GDP).  

Source: OECD (2018), Health spending (indicator). 

 

 

 

 

 

 



 22 

 

 

Figure 2-3: Germany (orange), Italy (green) and Portugal (blue) aging index ratio in percentage, between 1960 
and 2016: number of people aged 65 or over for every 100 people under the age of 15. A value less than 100 

means there are fewer elderly than young people. 

Source: PORDATA 

 

 

 

 

Figure 2-4: Portugal ageing index predictions for the future according to different scenarios.  

Source: INE – “Projeções de População Residente 2015-2080” 

 

As it was already mentioned, an ageing population may result in increased health expenditure, so it is 

important to better understand how this can happen. The demand for healthcare goods and services is 

determined by several factors, among them the population size and the health status of population which 

in turn is shaped by age. This link between the healthcare demand and age is well expressed by the so-
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called “age-related expenditure profiles” illustrated in figure 2.5 [European Commission – The 2015 

Ageing Report]. 

 

Figure 2-5: Age and gender related expenditure profiles of healthcare expressed in per capita as percentage of 
GDP per capita in EU countries.  In blue is the male expenditure profile and in pink the female expenditure profile. 

Source: Commission services, EPC 

 

By looking at figure 2.5, one can see 3 life phases where healthcare spending becomes higher: the first 

one at very young ages (0-4 years), the second one during maternity years for women (25-35 years) 

and the last one, the most notably, coincides with the elderly life phase (65 years and over). Hence, 

considering exclusively demographic factors, an ageing population may pose a high risk for the 

healthcare financing sustainability in the future because older people often develop multi-morbidity 

conditions that naturally require costly medical care. However, this may not be true if other determinants 

of expenditure were considered, such as health status or income, which can explain the reduction in per 

capita spending at very old age (85 years and over) observed in figure 2.5. As an example, if increasing 

longevity goes in line with more healthy life years, then ageing may not mean more health spending, 

because better health is translated in lower health goods and services demand.   

Along with the demographic ageing of the population, income is another heavy determinant of healthcare 

expenditure, because health spending depends on whether there is coverage by public or private 

insurance. In this sense, if one is fully covered by a health insurance, healthcare demand is independent 

of one’s income, but if one is not covered or is only partial covered by a given health insurance, then 

demand will depend on one’s income.  

Although the full content of this chapter is based on future projections mainly reported by the European 

Commission, it is still a way to raise awareness among health policymakers on the possible future 

trends. Hence, and according to a demographic scenario 1 defined by the European Commission in the 

2015 ageing report, the public health expenditure on healthcare in Portugal between 2013 and 2060, 

will increase 46%, while in EU this increase will be of 15%. 

                                                      
1 The demographic scenario isolates the impact of an ageing population on healthcare spending. It assumes that 

age-specific morbidity rates do no change over time. 
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As a result of this projection, the Portuguese health system will have to change and adapt. Currently, 

the Portuguese health system is composed by three co-existing and overlapping systems connected 

with the Ministry of Health: 

 

i. National health service (SNS – Serviço Nacional de Saúde) which provides universal 

coverage and is predominantly financed through general taxation;  

ii. Health subsystems such as ADSE- Assistência na Doença aos Servidores Civis do 

Estado, which provides partial healthcare coverage and is financed through employee and 

employer contributions;  

iii. Private health insurances like Médis, which includes all contracts whose premiums take 

into account the risk and for which membership is voluntary (Figure 2.6).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2-62: Portuguese Health System Organization – Adapted from Health System in Transition Vol. 19 No.2 
2017, Portugal Health System Review 

 

                                                      
2 The financial and human resources of the NHS as well as its equipment, systems and information technology are 

the responsibility of ACSS – Administração Central do Sistema de Saúde. Additionally, the ACSS, along with the 

regional health administrators (ARSs), implement the national health policy at regional levels.  

ERS – Entidade Reguladora da Saúde is an independent body responsible for the regulation of the health care 

sector while INFARMED regulates pharmaceuticals and medical equipment. 

Healthcare Services Provision 

Flow of Payments from Private Health Insurances  

Flow of Payments from Health Subsystems   

Flow of Payments from the National Health Service  

Flow of Payments from Population   
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Figure 2-7: Percentual distribution of healthcare payers in Portugal in 2000 and 2016. 

Source: INE, “Conta Satélite da Saúde, 2000-2016” 

 

 

The percentage of population covered by each system has been changing over the past years (Figure 

2.7) with more and more Portuguese people being covered by private health insurances.  

Along with this trend, public expenditure accounted for 66.2% of total health expenditure in 2016 versus 

a 70.5% in 2000, while the private expenditure accounted for 33.8% in 2016 versus a 29.5% in 2000 

(INE, Conta Satélite da Saúde 2000-2016). With that said, it is clear that the private market in health is 

increasing, and with this private groups such as José de Mello Saúde can make a huge impact in the 

future of health. 

Nevertheless, a higher health spending does not mean higher quality for healthcare services. In fact, 

NHS patients are experiencing many barriers in accessing the NHS. There are people who cannot enrol 

on the list of NHS family doctors, and people who face years of waiting to access specialized care or 

elective surgeries, and naturally are forced to use the private sector services with huge out-of-pocket 

costs (Alexandre Abrantes and Jorge Simões, 2018). Combining this with the fact that only 48.9% of 

Portuguese population classified their health as good or very good in 2017 [Eurostat Database], Portugal 

must change its health strategy.  

Until now, Portugal has been centred on financial issues given the budget constraints. However, this 

only succeed as a short-term approach incapable to address the future health scenario of an ageing 

population with multiple morbidities, because minimizing costs was never the right goal. Increase value 

for patients is the ultimately goal in the healthcare sector [Porter and Teisberg, (2006)]. Until recently, 

healthcare stakeholders were not aware of the importance of measuring value, and the available metrics 

to do that were truly insufficient. Value was measured through clinical indicators such as percentage of 

surgical complications or non-programmed readmissions, and through process indicators that reflected 

the degree of agreement of clinical practices with guidelines. However, any of these 2 dimensions were 

able to evidence results from the patient perspective. Therefore, professors Porter and Teisberg 

introduced a third dimension capable to reflect if care is being delivered with superior value or not from 

the patient perspective. In this way, information regarding patient outcomes adjusted for risk and cost of 

care started to be gathered and analysed.  
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Therefore, over the last few years, healthcare stakeholders began to design new business models 

around the value delivered to patients. Efforts had been made to change the health paradigm from a 

volume-based healthcare to a value-based healthcare where the best results are obtained at the lowest 

possible costs.  

2.2 Value-Based Health Care Concept    

 

The value-based healthcare (VBH) concept emerged for the first time in 2004 with professors Michael 

Porter and Elizabeth Teisberg, in a Harvard Business Review article. According to Porter & Teisberg, 

“the way to transform health care is to realign competition with value for patients”, which lead them to 

redefine the value concept in health. Hence, value in health was defined as the health outcomes 

achieved that matter to patients, relative to the dollar of cost of achieving those outcomes (Figure 2.8). 

In this way, through a simple mathematical reflection, value can be improved in one by improving of one 

or more outcomes without raising costs and by lowering costs without compromising outcomes. 

 

With that, health policymakers all over the world realized there was almost no measures of outcomes 

reported by those who concern, i.e. patients and consequently, governments had only a partial view of 

how well their health systems were performing [OECD, 2017].  

 

 

 

 

  

 

 

 

 

 

Figure 2-8: Health value equation   

 

To identify the root of the problem of healthcare systems, Porter & Teisberg, 2006 defend that 

policymakers should look at how competition works in healthcare.  

Competition in health has a unique nature that cannot be found in any other market. In every field 

competition improves value for the customer. That is what happen when people buy new phones with 

far more capabilities than their old ones by the same or lower price. In that way, if the quality of a product 
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increases, innovation in the state of the art occurs, quality-adjusted prices fall, market expands, and 

more customers’ needs are met. In turn, if market expands, choice expands too, and companies are 

forced to work towards differentiation among their competitors. As a result, best companies prosper 

while the worst ones go out of market. 

In health the reality it totally different: by analogy, patients are the customers but here the delivered 

service (healthcare) is rewarded whether it delivers value for the patient or not, resulting in the so called 

“zero-sum competition” where a substandard healthcare quality is promoted. Therefore, Porter & 

Teisberg, 2006 proposed a “positive-sum competition” from which all healthcare stakeholders can 

benefit. If providers deliver high value healthcare services, patients will have better outcomes, health 

plans will achieve better outcomes and lower costs, clear information will be given to patients, 

coordinated care will be improved and high performing providers will be rewarded with more patients. 

This competition is a value-based one and is built around 8 principles (Figure 2.9). 

 

 

Figure 2-9: Principles of Value-Based Competition  

Source: Porter, M.; Teisberg,E. Redefining Health Care: Creating Value-Based Competition on Results , Harvard 

Business School Press, 2006 

 

To go through these principles, one should look to zero-sum competition side by side with positive-

sum competition (Table 2.1). 

Table 2-1: Differences between zero-sum competition and positive-sum competition  

Zero-Sum Competition Positive-Sum Competition 

Competition occurs at a broad line of medical 

specialties, in discrete moments with discrete 

interventions centred on acute treatment. Here 

Competition occurs where value is created, i.e. at 

the medical condition level over the full cycle of 

care that starts with prevention. Here the term 

The focus should be on value for patients and not just on costs

Competition must be based on results and not  on processes 

Value is created in caring for a patient's medical condition over the 
full cycle of care

High quality care is not necessary a costly care

Value must be driven by provider experience, scale, and learning 
at the medical condition level

Competition should occur at a national level and not at a local 
level

Patient outcomes information must be collected and highly 
disseminated

Innovations that increase value must be strongly rewarded
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prevention and disease management practices 

are neglected.  

 

medical condition is broader than the disease or 

injury terms, it also covers natural conditions 

such as pregnancy and childbirth, and common 

co-occurring conditions such as obesity and 

hypertension that lacks for a clinic 

multidisciplinary team. In this sense, care for 

patients with multi-comorbidities becomes more 

effective.  

Physicians work in a disintegrated way apart from 

each other and are free to do their own clinical 

practice and to bill it separately. With this, care 

services delivered to the patient are fractured 

across several medical specialties and hospital 

departments that many times are too far from 

each other to guarantee an efficient work flow. 

Nowadays each doctor demands to be 

accountable only for the outcomes concerning 

their medical specialty and not the overall 

outcomes for the patient, which is a huge barrier 

toward a multidisciplinary team work. 

Providers are organized in integrated practice 

units (IPUs) that work around medical conditions 

instead of medical specialties or departments. As 

an example, if a woman is diagnosed with breast 

cancer, she will not be treated in the oncology 

service, but instead she will be treated in the 

breast cancer integrated practice unit, where a 

multidisciplinary team of oncologists, plastic and 

reconstructive surgeons, physical medicine and 

rehabilitation doctors, radiologists, and 

gynaecologists work in a coordinated and 

integrated way towards excellence results for that 

woman breast cancer.  

Competition occurs in a too narrow geography. 

Providers should work to be the better ones at a 

regional, national or internationally level, not only 

at a local level. Each provider tries to be a one-

stop shop for its surrounded community, which 

results in local bias: “providers offer services in 

which they lack the volume and experience to be 

truly excellent” Porter and Teisberg, 2006. 

Providers should work to deliver the best possible 

care to their patients, which means they should 

be always competing with the best provider in the 

world instead of only competing with nearby 

providers. On the other hand, this should lead to 

communication between local providers and 

national providers, so they can work together and 

learn from each other. Hence, one should keep in 

mind that market in health must be barriers free 

in terms of geography. Patients should go to the 

most appropriate provider that can be reached in 

time instead of going to the nearest one, or at 

least they should be asked about their 

preference.  

Results do not affect competition because 

everyone is rewarded, whether the outcomes of 

healthcare for patients are positive or negative. 

Since value is not measured, and payments are 

made per procedure, per exam or per physician 

Competition is built around results that most 

matter: the ones reported by patients per unit of 

cost at the medical condition level. Here, all 

healthcare stakeholders are accountable for 

measure and report outcomes, but only those 
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visit, providers who do more procedures, who 

require more exams and who do more visits will 

be the most rewarded ones. In this sense, volume 

is rewarded, and value is unknown.  Furthermore, 

physicians cannot improve their results if they do 

not know how good or bad their results are 

comparing to their colleagues. If a patient returns 

to the office of a given doctor, then the doctor will 

know how satisfied him/her patient is, but if the 

opposite happens, patients will seek care 

elsewhere and doctors will never know if patients 

did not return because they did not need any 

more care, or because they were not satisfied 

with the care delivered by the doctor.  

who provide good outcomes for patients will be 

rewarded with more patients. Those who do not 

get results as good, will shift their practice to other 

services where they can be excellent.  

Instead of being focused on delivering the best 

quality care that brings the best outcomes for 

their patients, physicians are focused on 

following clinical guidelines and standards of care 

designed by evidence-based medicine. That way, 

the only requirement will be to comply with those 

guidelines, which in turn will push physicians to 

work only at an acceptable level and no room for 

innovation will be available. Clinical guidelines 

are centred on the process of delivering care, not 

results. 

 

Providers are focused on learning from 

experience and scale. They are not asked to 

know how to do everything perfectly, but only a 

few things. By being specialized in addressing a 

given medical condition, providers will have 

highly skilled teams capable to deliver the most 

appropriate care in a faster and better way. 

Nevertheless, having this level of specialization 

demands a high volume of patients that justifies 

having a team dedicated exclusively to follow a 

given medical condition. Indeed, there are 

scientific evidence of a threshold level of volume 

and experience in an IPU desirable for efficiency 

Porter and Teisberg, 2006.  

Information asymmetry is a natural feature of a 

health environment. That is what happen when 

patients do not know if they are receiving the best 

possible care, if their doctor has experience in 

treating their medical condition to attain true 

excellence, which treatments their doctor use or 

which results were achieved with other patients. 

With this, patient choice has almost no meaning. 

Information on patient results, physician 

experience or prices of the full cycle of treatment 

is collected and publicly disseminated. In this way 

patients can make informed choices and share in 

decision making. Patients are actively involved in 

the process of their care, which allows for doctors 

to better understand their patients concerns and 

preferences and allows for patients to better self-

manage their medical condition due to better 

compliance with doctor instructions. 
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To move from a zero-sum competition to a positive-sum competition, healthcare leaders need to 

restructure how healthcare delivery is organized, measured and reimbursed [Porter and Lee, (2013)]. It 

will be a full transformation process where providers, patients, health plans, employers, suppliers and 

policymakers will have to take action steps towards value improvement for patients. Hence, in 2006 

professors Michael Porter and Elizabeth Teisberg proposed a strategic value agenda – a 6 step 

framework that every organization should follow to pursuit for this value transformation in healthcare.    

 

2.3 VBH Delivery System - The Strategic Agenda  

 

The strategic value agenda has six steps that are interdependent and mutually reinforcing [Porter and 

Lee, (2013)], that should lead organizations to a value-based healthcare system implementation. (Figure 

2.10). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2-10: Value Based Health Care Strategic Agenda 

Source:  Porter, M.; Teisberg,E. Redefining Health Care: Creating Value-Based Competition on Results , Harvard 

Business School Press, 2006 

 

2.3.1 Integrated Practice Units (IPUs) 

 

According to the value agenda, reorganize the way clinical teams work to deliver healthcare is the first 

step. In health, as in any other sector where products or services are sold, organizations must be 

organized around the customer and its needs and expectations. This means that patients are the 

customers in health and patients’ needs are determined by their medical conditions. As so, hospitals 

and clinics should move from a specialty department infrastructure service to an integrated practice unit 

is infrastructure service. That means, moving from a cardiology service to a heart institute, moving from 
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oncology to a breast cancer institute, moving from gynecology and obstetrics to a women’s health 

institute and so on.   

In IPUs, patients will find a multidisciplinary team with both clinical and non-clinical professionals that 

are focus on providing the full care cycle at the medical condition level, for both patients and their 

families. At the most practical level, IPU personnel are expert in the patient’s medical condition, work 

together in a coordinated way, communicate with each other, and share and discuss patient data to 

maximize patient’s overall outcomes. As an example, the case study of the low back pain IPU at Virginia 

Mason Medical Center is presented: 

 

 

2.3.2 Outcomes and Cost Measures  

 

One of the main issues regarding value improvement, is the absence of better information on outcomes 

from the perspective of those most concerned - patients and their care givers. According to Porter and 

Teisberg 2006, the outcomes that matter to patients fall into 3 categories: health status (functional level, 

pain level, ability to work), care cycle (time to begin the treatment, length of hospital stay, infections, 

need for reoperation) and sustainability of care (ability to live independently, need for revision or 

replacement).  

Before Low Back Pain IPU 

 

Patients received care in a fragmented way from different types of clinicians that did not 

communicate between them. The clinical patient pathway was random, i.e. patients could start with 

an orthopaedist and then could be referred to a neurologist or a rheumatologist who may request 

for an exam and so on. During this process, patients did not know what to expect next or how much 

will cost the all process of care.  

 

After Low Back Pain IPU: 

 

The full patient pathway is defined and completely adjusted to each patient low back pain condition. 

Patients start by call to a central phone number and usually can be seen at the same day by the 

“spine team”. This team is composed by a physical therapist and a physical medicine and 

rehabilitation physician, who do the first evaluation together and identify if the patient should enter 

to the surgery process or to the physical therapy process or any other previously established process 

designed to address the specific diagnosis.  

The outcomes obtained were surprisingly good: compared with regional averages, patients missed 

fewer days of work (4.3 versus 9 days per episode) and needed fewer physical therapy visits (4.4 

versus 8.8). Virginia Mason increased its productivity and it started to see 2300 new patients per 

year compared with 1404 under the old system in the same physical space and with the same staff.  
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 Therefore, over the past few years, medical condition-specific and general patient reported outcome 

measures (PROMs) and patient reported experience measures (PREMs) have been developed to close 

this critical knowledge gap. PROMs and PREMs are both reported by patients but capture different 

insights: 

- PREMs: Are surveys posed to patients, focused on the process of healthcare delivery. They 

measure and monitor patient’s perceptions of their experience of care, through simple questions 

such as: 

o Did you wait too long for the treatment? 

o Did you feel you were involved in importance decisions about your health? 

o Did you had the opportunity to ask questions and express your concerns to your doctor? 

o Did your doctor spent enough time with you during the consultation? 

o Did your doctor provide easy-to-understand explanations? 

 

- PROMs: Just like PREMs are surveys posed to patients but instead of being focused on the 

care process, are focused on patient’s perceptions of their own health status and quality of life 

[OECD, (2017)]. PROMs are far more complex than PREMs once they can be medical 

condition-specific or more generic. The first ones capture the impact that a given medical-

condition is having on the patient’s life. For example, if the patient had a hip replacement, 

PROMs instruments will measure the impact that this intervention had on the capability of the 

patient to do the shopping independently. On the other hand, a generic PROM will enable the 

patient to express how bad his/her pain or discomfort is. However, both types of PROMs are 

usually used together to get a fuller picture.  

According to the “Recommendations to OECD Ministers of Health from the High-Level Reflection 

Group on the Future of Health Statistics” published in January 2017, literature shows evidence 

regarding the benefits of collecting and reporting patient reported data, on both quality of patient 

care and care process. In fact, patient reported data is being successfully used in clinical practice 

to detect patient’s symptoms and health related quality of life, to improve communication between 

doctors and patients, and to drive overall patient satisfaction.  

Nevertheless, PROMs and PREMs are yet rarely measured on a regularly and systematically basis 

[OECD, (2017)], but there are a few countries where this reality does not apply. England is one of 

those countries. Back in 2009, England national health system was the first one in the world to 

introduce a routine collection of PROMs data for every NHS patient before and after receiving one 

of the following surgeries: knee replacement surgery, hip replacement surgery, varicose vein surgery 

and hernia repair surgery. To date, collect PROMs is integrated in the “NHS Outcomes Framework” 

that monitors the performance of the NHS, which in turn is publicly reported in England NHS website, 

allowing benchmarks studies with other hospitals.  

This is not the only example; New Zealand policymakers are benefiting from PROMs by making 

more informed decisions on resource allocation. This country uses a “points system” to measure 

the impact on daily living of cataract patients and then prioritise them for surgery. Besides cataracts 

medical condition, New Zealand took also a step-in joint replacement patient whose PROMs are 
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being tracked longer-term by sending annual reports to providers, where their patient reported 

outcomes are compared against national averages.  

In summary, outcomes must be measured by medical condition over the full cycle of care, not by 

medical specialty or intervention. But measure outcomes do not matter if one cannot benchmark 

those outcomes at a hospital, country or global level. Knowing that, the International Consortium for 

Health Outcomes Measurement (ICHOM) was founded. ICHOM works toward global PROMs 

standardization, so international comparisons can be done. Until now, ICHOM has defined 26 global 

standard sets of outcome measures across various medical conditions, and in 2016 presented the 

“Global Outcomes Benchmarking (GLOBE)” programme that promises to allow for internationally 

comparable set of data based on PROMs [OECD (2017)].  

Considering all the future challenges that the health sector will have to address (sub-chapter 2.1), having 

accurate cost information is highly important. Nowadays, few healthcare organizations now how much 

it costs to treat a patient with a given medical condition over the full cycle of care. The currently cost-

accounting systems are based on medical services instead of being centred on individual patients. To 

calculate the real cost, one must be aware that cost is the actual expense of patient care and not the 

charges billed. Hence, cost is determined by the actual use of medical resources (personnel, facilities 

and supplies).  

Professors Michael Porter and Kaplan have been studying processes of measuring costs in health. 

According to them, time-driven activity-based costing (TDABC) is the most appropriate one. This tool 

requires mapping each step over the full cycle of care and estimating for each step the time devoted to 

each patient by medical resources, as well as the capacity and support costs of each resource. Through 

this method, providers are achieving savings of 25% by identifying cost saving opportunities such as 

better capacity utilization [Porter and Lee, (2013)]. 

 

2.3.3 Value-Based Reimbursement Models 

 

Reimbursement models in healthcare have evolved over the years from fee-for-service to global 

capitation, to bundled payment. The main features of each payment model are presented in figure 2.11. 

However, neither fee-for-service and global capitation are aligned with value-based healthcare practice. 

In many countries, Portugal included, fee-for service is the current reimbursement model. This 

reimbursement model is centered in diagnosis related groups (DRG), through which discrete 

procedures, or inpatient stays are reimbursed. Consequently, reimbursement increases with the volume 

of procedures, admissions and readmissions whether they contribute to better patient outcomes or not 

[Porter and Kaplan, (2015)]. Besides that, fees vary widely across procedures and services, which in 

turn leads to over-investment in generously-reimbursed services and under-investment in poorly-

reimbursement services.  In summary, fee-for-service is a zero-sum reimbursement model, where 

payers avoid expensive procedures required by physicians even if those procedures are the ones which 

provide more value for patients.  

In an attempt to overcome the main flaws of fee-for-service, some countries adopted a capitation 

reimbursement model, where provider revenues are independent of the volume and type of procedures. 
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In this sense, it was expected that capitation would induce providers to invest in cost-effective 

procedures. However, what happens was that providers and payers started to ration access to costly 

procedures. 

As such, “bundled payments are the only approach that aligns providers, payers, and suppliers in a 

healthy competition to increase patient value” [Porter and Kaplan, (2015)]. 

 

 

 

Figure 2-11: Healthcare Reimbursement Models  

Source:  Porter, M.; Kaplan R. How should we pay for health care? Harvard Business School Press, 2015 

 

 

Bundled payments are classified as value-based reimbursement payments, once a single payment 

covers the treatment of a patient with a given medical condition over the full cycle of care, including 

common complications and comorbidities. For instance, a patient with an acute condition under a 

bundled payment model will have all the following expenses covered: clinical, staff, rehabilitation and 

administration personnel, equipment and facilities, supplies, devices, implants, tests, imaging and 

medicines, and all the necessary support services [Porter and Kaplan, (2015)].  

Nevertheless, bundled payments are rarely a reality, which can be explained by absent or minimal 

information on outcomes by medical condition, inaccurate measurements of costs and resistance to 

change by payers that inappropriately benefits from the fee-for service nature flaws.  

 

 

Fee-For-Service

> Predominant payment 
model;

>Payment is linked to 
procedures, treatments and 
exams; 

>Reimbursment increases 
with volume and each 
procedure, treatment or exam 
generates an individual 
invoice, each with several line 
items;

Global Capitation

>Providers receive a single fix 
amount per patient per year 
and are accountable for all 
patient's medical needs;

Bundled Payments 

>Are single payments that 
cover the full care cycle of a 
patient's medical condition; 
>For chronic conditions and 
primary care bundled 
payments cover the care for 
the condition or for the 
population segment over a 
specific time period;

>Are contigent on risk 
adjusted outcomes;

>Providers are finacially 
reponsible for poor outcomes;
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2.3.4 Clinical Care Integration 

 

As it was already mention, in a zero-sum competition, patients receive portions of care provided by 

multisite healthcare providers. This promotes duplicate services and at the same time represent huge 

opportunities for improving healthcare delivery. Thus, providers must work in an integrated way, towards 

the elimination of fragmentation and duplication services. In 2013 professors Michael Porter and Robert 

Kaplan suggested a four-step framework to achieve a clinical care integration: 

- Definition of the scope of services each provider can deliver with truly excellence, limiting the 

range of services offered. 

- Concentration of the healthcare services provided by each provider in fewer locations, to 

guarantee high volume. This step is related to the evidence that exists between volume and 

value, i.e. providers with a higher volume of patients with a given medical condition, will become 

significantly experienced in treating that medical condition and consequently will achieve better 

outcomes. 

- Definition of the proper location for each service. According to Porter and Lee 2013, complexity 

of medical conditions and skills requirements, should be matched with the resource intensity of 

locations.  

- Integration of care among the several locations, means care should be directed by IPUs with all 

IPUs mechanisms explored in a previous sub-chapter of this master thesis.  

 

2.3.5 Geographic Expansion  

 

Geographic expansion under value-based health care principles, follows a “hub-and-spoke model” and 

a clinical affiliation mode [Porter and Lee, (2013)]. The first one requires that each IPU has a hub where 

the most complicated medical conditions are addressed and has satellite facilities where less 

complicated care is delivered. The quality of care delivered is equivalent in the hub and in the satellite 

facilities but the cost of care at these regional facilities is lower.  

Regarding the second model, clinical affiliation is promoted through partnerships between IPUs and 

community providers, that allows IPUs to use community facilities instead of adding capacity. In this way 

both IPUs and local affiliates benefit. IPUs sees its brand expanding to more regions and benefits from 

management fees, while local community providers benefit from the expertise and experience of the 

IPUs. 

 

2.3.6 Care Delivery Restructuration Through Information Technology 

 

Over the last decade, numerous IT platforms have been developed in a siloed way to automatize a given 

department, a given type of service or a given type of data, which again does not allow data to be 

integrated. Thus, the value agenda advocates that an IT platform must have six elements:  
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- Is centred on patients, which means that data follows the patient across healthcare sites, over 

the full cycle of care and is aggregated around the patient. 

- Terminology and data fields are standardized so that everyone speaks the same language, and 

misunderstandings are avoided. 

- Includes all types of patient data, from physician notes, to images, medicine prescriptions, lab 

tests results and so on.  

- Shares the medical record with all the involved parties, so everyone can be fully aware of patient 

health status. 

- Includes templates for each medical condition that help clinicians identify the next steps, or 

possible risks. 

- Facilitates the information extraction through natural language processing.  

In short, a common IT platform centred around the patient, should enable effective coordination within 

IPU teams, allowing for data to be easily extracted, compared and reported.  

As it should be clear, implementing this value agenda demands commitment from all stakeholders in 

moving to a culture of patients first. It is a long process were everyone has a role to play (Table 2.2). 

 

Table 2-2: Action steps that each stakeholder should take towards the implementation of the value agenda.  

Source: Adapted from Porter.M; Lee.T, The Strategy That Will Fix Health Care, Harvard Business Review, 2013 

 

Value-Agenda Providers 
Health Plans and 

Employers 
Policymakers Patients 

Create IPUs 

Design medical 

practice around 

IPUs 

Encourage and 

reward IPUs 

Minimize regulatory 

obstacles to care 

integration across 

the care cycle 

Seek care 

only from 

experience 

teams 

organized in 

IPUs 

Measure 

outcomes and 

costs  

Commit to 

measurement and 

reporting of 

outcomes 

Demand to providers 

the report of 

outcomes by medical 

condition 

Link reimbursement 

to outcomes 

reporting 

Embrace 

the process 

of gathering 

and 

reporting 

patient 

reported 

outcomes 

Move to value-

based 

reimbursement 

models  

Work proactively 

with health plans to 

roll out bundled 

payments 

Design bundled 

reimbursement 

models 

Create a bundled 

pricing framework 

Choose 

providers 

who offer 

bundled 

payment 
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and better 

value 

Integrate 

clinical care  

Consolidate service 

lines in the most 

cost-effective 

locations and 

charge according to 

value 

Reimburse care in 

the most appropriate 

facility 

Provide a national 

framework based 

on medical 

condition specific 

outcomes registries 

and a path to 

universal 

measurement. 

Expect to 

be treated 

in an 

integrated 

way  

Expand 

geographic 

reach 

Grow locally and 

geographically in 

cost-effective areas 

Encourage patients 

to get care from high-

value providers and 

reward them for 

using those providers 

by paying for travel. 

Incentivize 

providers who fall 

below a minimum 

volume standard to 

affiliate with centres 

of excellence 

Seek care 

from the 

highest-

value 

providers 

even if it is 

not a local 

one 

Invest in 

patient-centric 

IT platforms  

Embrace IT by 

making long-term 

investments that 

support a single 

patient-centric IT 

platform. 

Offer incentives and 

support for those 

providers who 

embrace patient-

centric IT platforms. 

Set standards for 

common data 

definitions and 

interoperability 

Expect 

providers to 

have a 

single 

platform 

with all 

patient data 

 

2.4 Cost Measurement of Quality Measurement  

 

Over the last decade, the world devoted great attention to one component of the value-agenda – 

outcomes and costs measurements of delivering care. ICHOM have been developing a notable work in 

this sector by bringing together patient representatives, physicians and registry leaders to define 

standard sets of outcomes for several medical conditions. The achieved success is outstanding and to 

date there are 26 open-access standard sets published, 33 countries measuring outcomes through 

ICHOM standard sets and 650 established partnerships between ICHOM and provider organizations. 

However, little or no attention has been given to the cost e and resources required to collect, process, 

analyze and report such quality measures. ICHOM takes into consideration the cost of outcomes 

measurement in the decision process of which is the next standard set to develop. ICHOM prioritizes 

the development of new standard sets based on 3 factors: disease burden, clinical engagement 

(responsiveness to the clinical team) and funding. However, the cost of use IHCOM work is free, so 
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what is the cost for a given provider to start measuring patient reported outcomes? The answer to this 

question is usually unknown and is not formally considered when evaluating and selecting measures 

[Schuster, (2017)]. In fact, major organizations are neglecting the cost factor when prioritizing the 

implementation of value-based healthcare strategies. As ICHOM considers funding to prioritize the 

development of new standard sets, providers should do that too to prioritize the implementation of value-

based healthcare strategies because without understanding the cost of that, assessing its value cannot 

be fully determined [Schuster, (2017)], 

Measuring the cost of measuring patient reported data includes measuring both fixed costs of 

implementing a measurement infrastructure and specific costs which can vary across each data 

measurement tool. Those costs can be start-up costs of learning to apply a given VBH strategy, ongoing 

costs of using it and processing data costs – homogenizing data from different sources, cleaning data 

for analysis, and packaging results from data analysis, for reporting.  

Therefore, it should be clear that there is a missing link in the value agenda presented in the previous 

sub-chapter of this master thesis, that must be addressed, so providers can prioritize medical conditions 

to be covered by the value-agenda.  

Aware of this information gap, José de Mello Saúde identified the need to have a solid tool capable to 

reflect all the relevant factors (including the cost of PROMs measurement), that should be considered 

to prioritizing value-based healthcare strategies across its CUF hospitals.  

Therefore, a preliminary literature was conducted but no model was found capable to address this JMS 

need. However, from Santeon experience multiple criteria must be considered in prioritizing VBH 

strategies. More than that, many of these criteria are intangible, several interest groups are involved, 

and a consensus must be reached in which will be the next implemented VBH strategy. Given the 

complex nature of the problem, it is expected that the level of conflict between which criteria are relevant, 

and the level of conflict between evaluators regarding the importance of each criterion are high. 

Therefore, prioritizing VBH strategies is a multiple criteria decision-making problem because the several 

courses of action for the VBH program in JMS requires balancing multiple criteria which can conflict to 

a substantial extent [Belton and Stewart, (2002)].  

2.5 Multi-criteria Decision Analysis in Healthcare  

 

Through a strategy research on PubMed and Google Scholar data bases (Appendix A), one can easily 

find a significant volume of Multicriteria Decision Analysis (MCDA) applications. However, only 30% are 

in the healthcare sector. This can be explained by the fact that healthcare decisions are not trivial. In 

this sector, the available information is often imperfect and can motivate heuristic decisions. MCDA is a 

structured approach that tries to avoid non-informed decision making when there is multiple criteria 

involved.  

All the same, selecting a MCDA method, by itself is a hard process given the amount of available MCDA 

methods.  

Aware of this drawback, in May 2014, the International Society for Pharmacoeconomics and Outcomes 

Research (ISPOR) Health Science Policy Council, established an Emerging Good Practices Task Force 



 39 

that outputted a common definition for MCDA in healthcare decision making, and practice guidelines for 

conducting a MCDA technique in the healthcare sector.  

MCDA is an umbrella term to describe a collection of formal approaches that can help with decisions 

that matter, i.e. decisions with substantial consequences, that have a long-term impact and affect many 

people. [Belton and Stewart, (2002)]. From this definition it should be explicit that MCDA don´t make 

decisions for the decision maker. It only helps the decision maker to make decisions. One should also 

notice that the absence of quantitative modelling is a “doubled-edged sword”, i.e it allows the inclusion 

of relevant factors that otherwise would not be included, such as the intangible ones, but at the same 

time is highly sensitive to the decision maker (DM) preferences and evaluators’ judgements. This means 

that a MCDA can be a really hard process if more than one DM and several evaluators are involved, 

once their preferences will naturally conflict. With that said, it is clear that a formal process shall be built 

to avoid that the legitimacy of decision makers and evaluators come into question. 

As it was mentioned, in healthcare the application of MCDA is not yet established. [Adunlin et al. (2014)], 

conducted a systematic review trend analysis on the application of MCDA in healthcare where 66 articles 

were included. Within this sample, 14 areas of application were identified, although 8 had a 

representativeness of only 1-3%, among them performance measurement, professional practice and 

pain management. Regarding the top covered areas, 39% and 12%, were disease diagnosis and 

treatment and Health Technology Assessment (HTA) respectively.  

The search strategy applied in this master thesis concerning applications of MCDA in healthcare, 

returned 64 papers (Appendix A). In Table 2.3, 5 examples are summarized considering the type pf 

health decision, the decision makers and evaluators involved, the used MCDA method, the evaluated 

criteria and the format of the MCDA output. These 5 examples were singled out to reflect the diverse 

range of problems and decision makers that MCDA can support.   

Table 2-3: Literature examples of MCDA applications in healthcare 

 

Publication Citation 

Type of 

Health 

Decision 

Decision 

Makers and 

Evaluators 

MCDA 

Method 
MCDA Output Criteria Evaluated 

 

Alimi, Temitope O. et 

al. “A Multi-Criteria 

Decision Analysis 

Approach to 

Assessing Malaria 

Risk in Northern South 

America.” BMC Public 

Health 16 (2016)- 221. 

Assess the 

risk of 

malaria 

transmission 

and vector 

exposure 

Public health 

decision 

maker 

AHP Risk Map 

 

Climate 

 

Thermal and 

altitudinal limits for 

parasites and 

vectors 

 

Access to blood 

meal 

 

Shafii, Milad et al. 

“Assessment of 

Assess the 

service 
 AHP 

Rank of quality 

service of 

Security 
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Service Quality in 

Teaching Hospitals of 

Yazd University of 

Medical Sciences- 

Using Multi-Criteria 

Decision-Making 

Techniques.” Osong 

Public Health and 

Research 

Perspectives 7.4 

(2016) 

quality in 

hospital 

wards 

Hospital 

managers 

 

Hospital 

technical 

employees 

 

Faculty 

members of 

healthcare 

management 

departments 

 

Inpatients 

 

 

hospital wards 

based on 

importance 

coefficients 

Responsiveness 

 

Health 

communication 

 

Patient-orientation 

 

Assurance 

 

Tangibles 

Goetghebeur MM et 

al. “Bridging health 

technology 

assessment (HTA) 

and efficient health 

care decision making 

with multicriteria 

decision analysis 

(MCDA)- applying the 

EVIDEM framework to 

medicines appraisal.” 

Med Decis Making 

(2012) 

Appraise 

medicines 

Clinicians 

 

Researchers 

 

Patients 

EVIDEM 

Individual 

medicine 

performance 

measures 

Disease severity 

 

Size of population 

 

Current practice 

 

Unmet needs 

 

Intervention 

outcomes 

 

Type of health 

benefit 

 

Economics 

 

Quality of evidence 

 

Mónica D. Oliveira et 

al. “Prioritizing health 

care interventions- A 

multicriteria resource 

allocation model to 

inform the choice of 

community care 

programmes” (2012) 

Prioritize 

community 

care 

programmes 

Clinical board 

Executive 

Director 

 

MACBETH 

Rank of 

programmes by 

the benefit/cost 

ratio 

 

Effective Health 

Gains 

 

Equity 

 

Achievement of 

GHC goals 

 



 41 

Agreement with the 

portfolio of services 

and the community 

 

J. Marjan Hummuel et 

al. “Preferences for 

Colorectal Cancer 

Screening Techniques 

and Intention to 

Attend- a Multi-Criteria 

Decision Analysis” 

(2013) 

Explore the 

impact of 

preferences 

for features 

of colorectal 

cancer 

screening 

tests 

Patients AHP 

Priority set of 

alternative 

screening tests 

 

Sensitivity 

 

Specificity 

 

Safety 

 

Inconvenience 

 

Frequency 

 

AHP, Analytic Hierarchy Process; HTA, Health Technology Assessment; EVIDEM, Evidence and Value- Impact 

on Decision Making; GHG, Group of Health Centres; 

 

As it can be concluded from the above table criteria, decision makers and evaluators depend on the 

type of decision.  Also, the decisions can be classified as one-off or repeated considering how often they 

have to be taken. One-off are directed towards one specific decision, while repeated decisions are the 

ones that occur at regular intervals, for example monthly or annually decisions. In this sense, MCDA 

can be applied to map processes to be followed each time (repeated), or to facilitate the decision context 

in a unique case (one-off) [Belton and Stewart, (2002)].  
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Chapter 3    

3. Methodological approach   

From the previous chapters it should be clear that this master thesis intends to develop a multicriteria 

decision model that will help JMS to prioritize value-based healthcare strategies. Hence, this chapter 

was divided into three sub-chapters: Sub-chapter 3.1 where multi-criteria decision analysis is 

approached in general terms; Sub-chapter 3.2 that is focused on the MACBETH methodology and sub-

chapter 3.3 where the proposed methodology designed to prioritize VBH strategies in JMS is presented.  

3.1 Multi-criteria Decision Analysis Overview  

 

As it was already defined, MCDA is an umbrella term to describe a collection of formal approaches that 

can help with decisions that matter, i.e. decisions with substantial consequences, that have a long-term 

impact and affect many people. [Belton and Stewart, (2002)].   

[Alessio Ishizaka and Philippe Nemery (2013)] have identified 4 types of decision problems that can be 

addressed by a MCDA: choice, sorting, ranking and description problems. A brief description of each 

decision problem is given bellow.  

 

1- Choice problem: the decision maker must choose the single best option. 

2- Sorting problem: Options are sorted into categories and the decision maker is responsible for 

regroup the options according to descriptive, organizational or predictive reasons. 

3- Ranking problem: Options are ranked from best to worst by means of scores or pairwise 

comparisons. In this type of problem, a secondary classification can be made. 

a. Complete ranking: if all options are comparable. 

b. Partial ranking: if incomparable options are considered. Options can be incomparable if 

they have different profiles, i.e. if they are evaluated through different sets of criteria.  

4- Description problem: A description of options and its consequences is required, so the 

decision maker can fully understand his problem. This can be seen as the first step of any one 

of the 3 other types of problems. 

 

According to the type of MCDA problem, a MCDA approach is selected.  Axel C. M�̈�hlbacher et al. 

(2015), says MCDA approaches can be broadly divided into multi-objective decision making (MODM) 

when the decision space is continuous, and multi-attribute decision making (MADM) if the decision 

space is discrete. In turn, MODM and MADM can be sub-divided into 3 MCDA models: value 

measurement models, outranking models, and reference-level models (Figure 3.1). The main 

differences between these models are presented below: 

 

1- Value measurement models: Numerical scores are built to express how much an option may 

be preferred to another. Involves a partial score for each criterion that is after integrated into a 
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global score. In such models, a bad score for one criterion is compensated for by a good score 

on another. [Alessio Ishizaka and Philippe Nemery (2013)]. 

2- Outranking models:  Alternative courses of action are compared pairwise. Options are 

compared two-by-two through a preference degree. The compensable scores logic does not 

apply and it is possible to have two options with the same score but with different behavior and 

therefore incomparable. [Alessio Ishizaka and Philippe Nemery (2013)]. 

3- Reference-level models:  Satisfactory levels of achievement are established for each criterion. 

Are mostly used when no subjective inputs are required. A reference-level is predefined for each 

criterion and then the closest options to the reference level are identified. [Alessio Ishizaka and 

Philippe Nemery (2013)]. 

 

Over the past few years, value measurement models were by far the most widely used MCDA models 

in healthcare [Praveen Thokala et al. (2016)]. However, there is no simple answer to why this happens. 

In fact, opting for one model over another depends on the objective of the analysis and on the nature of 

decision makers’ preferences. This is to say that additive value models can be really attractive because 

they offer high transparency and simplicity but on the other hand, they fail to express interactions 

between criteria, which in turn is a major drawback once many real-world problems require strong 

interactions between criteria.  

By looking at Figure 3.1, one can notice that each MCDA model can be addressed by several MCDA 

methods, each one with its own properties and limitations. Hence, the first challenge is to decide which 

MCDA method is the most appropriate one.  

 

Figure 3-1: Classification of MCDA Problems – Adapted from Ichizaka, Alessio; Nemery,Philippe. 

Multi-Criteria Decision Analysis: Methods and Software. John Wiley&Sons, Ltd, 2013. 

*The descriptive problem is intentionally not included, once it is implicitly integrated in sorting, ranking and choice problems. 

**For sake of simplicity, only the most popular MCDA methods are included. 

***ANP is a generalization of AHP. In ANP correlated criteria are allowed in contrast to what happens in AHP.  
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MAUT- Multi-attribute utility theory; ANP- Analytic Network Process; MACBETH- Measuring Attractiveness by a Categorical Based Evaluation 

Technique; AHP- Analytic hierarchy process; ELECTRE- Elimination and Choice Expressing Reality; PROMETHEE- Preference Ranking 

Organization METHod for Enriched Evaluation; TOPSIS- Technique of Order Preference Similarity to the Ideal Solution; DEA- Data Envelopment 

Analysis 

 

In 1999, [Guitouni et al.] proposed to look at the inputs and outputs required, as a way to choose the 

appropriate multi-criteria method. In this sense, an effort was made in this master thesis, to select the 

MCDA method by looking at the required inputs, and outputs. Beyond inputs and outputs, literature 

review on prioritizing problems and level of complexity inherent to each MCDA approach were also 

considered in the process of choosing the appropriate methodology. Therefore, MACBETH approach 

was selected because:  

- The expected output is a complete ranking with score obtained through pairwise comparisons 

in interval scales (Figure 3.1); 

- Several prioritization problems are approached through MACBETH. It is the case of [Mónica D. 

et al. Prioritizing Health Care Interventions: A Multicriteria Resource Allocation Model to Inform 

the Choice of Community Care Programmes], the case of [Carlos A. Bana e Costa (2008) 

Prioritization of bridges and tunnels in earthquake risk mitigation using multicriteria decision 

analysis: Application to Lisbon] or the case of [Figueiredo, M.S.M. & Oliveira, Mónica. (2009). 

Prioritizing Risks Based on Multicriteria Decision Aid Methodology: Development of Methods 

Applied to ALSTOM Power]; 

- MACBETH is supported by the M-MACEBTH software, which is a very intuitive and simple tool 

for evaluators and decision makers to understand, and for the facilitator to work with; 

- MACBETH approach is an interactive approach with an important social component 

determinant in this master thesis problem that guarantees the proper communication between 

healthcare stakeholders, evaluators and decision makers; 

- As it was already mentioned, MACBETH is a value measurement model, which is the most 

frequently model used in healthcare; 

 

3.2  MCDA Methodology  

 

This sub-chapter although detail the common steps in any MCDA methodology, is focused in MACBETH. 

MACBETH stands for Measuring Attractiveness by a Categorical Based Evaluation Technique and is 

highly differentiating for its ability to measure the attractiveness of options through only qualitative 

judgements, that give rise, by linear mathematical programming, to numerical scores for the options in 

each criterion and to weights to each criterion [Carlos A. Bana e Costa et al. (2015)]. 

 MACBETH has 4 main phases: context, structuring, evaluating and recommending. 

 

3.2.1 Problem Context 
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To make a good decision, the decision maker must fully understand his decision problem. Otherwise the 

multi-criteria decision model will not be reliable and consequently no trustworthy decision support will 

be provided. In this phase, the problematic, the evaluators and the decision maker are identified. 

Attending to the same good practice guidelines mention in the previous chapter, the definition of the 

decision problem needs to cover the following aspects [Ishizaka and Nemery (2013)]: 

i. Fundamental objectives. Questions a and b must be answered. 

a.      Why is the decision problem relevant? 

b.      What does the decision maker expect to be accomplished with the MCDA support? 

ii. Type of decision problem. Questions c and d must be answered. 

c.       Is it a choice, sorting or ranking problem? 

d.       Is it a repeated or a one-off decision? 

iii. Options. Questions e and f must be answered. 

e.       Is the number of options finite? 

f.       Which are the options? (Considering there is a finite number of them. Otherwise the 

problem is not linear). 

iv. Evaluators and decision makers. Question g must be answered. 

g.        Who are the decision makers and evaluators involved in the decision problem?  

v. Output required. Question h must be answered. 

h.        The output required is a complete ranking with score, a ranking based on pairwise 

outranking degrees, a ranking based on preference degrees and score, a feasible solution 

with deviation score, a complete ranking with closeness score or a partial ranking with 

effectiveness score? 

For simplicity but without loss of generality, the possible inputs and outputs mentioned in questions c 

and h, are limited to the ones referred by [Alessio Ishizaka and Philippe Nemery (2013)]. 

Regarding question g, one should be aware of both decision maker and evaluator definitions. Following 

the best practice guidelines, a decision maker is the one who make the choice between options, while 

an evaluator is the source of scores and weights [Kevin Marsh et al. (2016)]. 

Once all the questions have their final answers, a validation step must be taken. Hence, before moving 

on to the selecting and structuring criteria step, the decision problem should be presented to the decision 

maker. 

 

3.2.2 Structuring - Selecting and Operationalize Criteria 

 

During the structuring phase, options are defined, and the evaluation criteria are identified and 

operationalized by means of descriptors. Descriptors are ordered sets of plausible levels of performance 

associated to a criterion, with a scale constructed together with the evaluators and decision makers. 

They can be direct (if directly reflects effects), indirect (if indicates causes more than effects) or 

constructed (if describes features). Besides that, they can be quantitative if numbers are used; 

qualitative if semantic and numeric expressions are present; and pictorial when visual representations 

https://www.linguee.pt/ingles-portugues/traducao/trustworthy.html
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are used. Apart from this classification, descriptors can also be continuous, when the number of 

performance levels is infinite or discrete otherwise.  

Once all criteria are completely operationalized, it is necessary to identify reference levels for each 

descriptor. By default, the M-MACBETH software designate these levels as “upper reference” and “lower 

reference”. However, in this master thesis, “Good” and “Neutral” will be the designations used. Hence, 

a good option is an attractive one with a score of 100, while a neutral option is not attractive but is is not 

repulsive either and is scored with 0. This reference levels or anchors avoid choosing options worse 

than the “neutral” level, even if those are the best available options, which makes criteria more 

intelligible. 

 

After the complete decision problem definition, it is necessary to identify and describe the relevant 

criteria by which options will be compared. Conferences with key players are commonly used in this 

phase. At this stage, each criterion needs to be described according to the following rules [Kevin March 

et al. (2016)]. 

i. Unambiguous: The criterion descriptor must be clear about consequences that imply to 

options.  

ii. Comprehensive: All the possible consequences must be included in the descriptor.  

iii. Direct: The descriptor must be as objective as possible, so proxy outcomes are avoided.  

iv. Operational: Value trade-offs are allowed. 

v. Understandable: It has to be possible for the decision maker to completely understand the 

impact of the criterion.  

 

The set of selected criteria must be refined by the facilitator to guarantee it meets some basic 

requirements [Kevin March et al. (2016)]. 

 

i. Completeness: means that all the aspects that matter to the decision maker, can be 

captured by the selected criteria. 

ii. Non-redundancy: guarantees there is no dispensable criteria. 

iii. Non-overlap: Ensures there is no value dimensions covered by more than one criterion. 

iv. Preference Independence: Interaction between criteria is not supported by additive value 

models. In other words, “(…) how much one cares about the performance on a criterion 

should not depend on the performance of other criteria (…)” [Kevin March et al. (2016)]. 

 

The facilitator must not move forward before the final criteria list is verified by all key players.   

Once all criteria are properly defined and described, a model-structuring strategy can be adopted. 

Structuring strategies can assume either a bottom-up or a top-down hierarchy (Figure 3.2). 
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Figure 3-2: MCD model-structuring strategies 

 

The bottom-up approach translates the “alternative-focused thinking” concept that generates criteria 

through the study of options. However, this approach is highly criticized because it restricts the focus of 

attention to the available options [Ralph L. Keeney (1992)]. Hence, Keeney purposes a “value-focused 

thinking approach”, where “the options are defined as ways for achieving objectives of the decision 

maker”. With this top-down approach, it is possible to find out what the decision maker wants to achieve 

through the decision. Nevertheless, this is not a perfect approach. In fact, with a top-down approach 

one gets sets of general criteria that may be difficult to relate to an option. Thus, the selection of the 

model-structuring strategy is not trivial.  

 

 

 

3.2.3 Structuring - Measuring Performance  

 

The next step involves the measurement of the options performance on each criterion. This process 

includes principles of evidence-based medicine and local measures guidelines. In this master thesis, 

the performance measures are based on all the available data presented in Appendix B. quality results 

reported annually by JMS and on the evaluator’s expertise. 

Once again, following the best practice guidelines, the results of the performance evaluation should be 

summarized in a performance matrix.  

Finally, the performance matrix should be presented to the decision maker for confirmation.  

 

3.2.4 Evaluating - Scoring Options 

 

Is the process of measure each options’ attractiveness regarding each criterion through the building of 

cardinal value functions. Thus, the facilitator asks the evaluator to compare the difference in 

attractiveness between each two options, making qualitative judgements through the MACBETH 

semantic categories of difference of attractiveness. There are 7 semantic categories in MACBETH: 

𝐶0 : 𝑛𝑜; 

𝐶1: 𝑣𝑒𝑟𝑦 𝑤𝑒𝑎𝑘; 

𝐶2: 𝑤𝑒𝑎𝑘; 
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𝐶3: 𝑚𝑜𝑑𝑒𝑟𝑎𝑡𝑒; 

 𝐶4: 𝑠𝑡𝑟𝑜𝑛𝑔; 

𝐶5: 𝑣𝑒𝑟𝑦 𝑠𝑡𝑟𝑜𝑛𝑔; 

𝐶6: 𝑒𝑥𝑡𝑟𝑒𝑚𝑒. 

Therefore, in a given criterion, for 𝑥 and 𝑦 options, such that 𝑥 is preferred to 𝑦, the difference in 

attractiveness between 𝑥 and 𝑦 can be very weak, weak, moderate, strong, very strong, extreme or it 

can be no difference at all. All answers must be properly registered by the facilitator, in judgments 

matrixes displayed by the M-MACBETH software for each criterion. Whenever a judgment matrix is 

completed, the M-MACBETH generates by linear mathematical programming, a value scale for the 

criterion under consideration. This scale can suffer little adjustments, within certain limits.  

The scoring options task allows the conversion of performance measurements onto a common scale 

(usually a 0 to 100 scale). Before moving to the next step, all scores must be tested regarding their 

consistency.  

 

3.2.5 Evaluating - Weighting Criteria 

 

The weighting criteria process is the second task of the evaluating phase and allows for individual 

criterion scores to be in a common value scale.  

The MACBETH weighting procedure is a qualitative alternative to the quantitative swing weighting 

procedure [Bana e Costa, (2012)]. Similarly, to the scoring phase, evaluators are asked to make 

judgments using the 7 semantic categories of MACBETH. This process of eliciting weighting judgements 

is defined by a group of specific questions that must be posed to the decision maker in a specific order, 

that ultimately will allow to rank the swings. Generally, these questions should be similar to the following 

ones:  

i. Consider that there is an option with neutral performances in all criteria. Now 

imagine it is possible to improve the performance level from neutral to good in one 

and only one criterion, keeping all the other on the neutral level. On which criterion 

would the improvement from neutral to good be the most important? [Bana e Costa, 

(2012)] 

ii. How important would be this improvement considering the 7 MACBETH semantic 

categories? 

iii. Excluding the chosen criteria, which would be the next most important improvement 

from neutral to good?   

These questions must be posed to the evaluators until all criteria are considered. 

Then, based on the obtained weighting matrix, the M-MACBETH generates by linear mathematical 

programming, scale coefficients that translate the contribution of each criterion in the calculation of each 

option’ overall score. As it happens in the scoring options task, in the weighting criteria task, evaluators 

must validate the outputted scale coefficients displayed by the software and make all the necessary 

adjustments without compromising the consistency of the judgments.  
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3.2.6 Evaluating - Calculating Aggregate Scores 

 

Knowing all the partial values of each option 𝑣𝑗(𝑎) in all (𝑗 = 1, … , 𝑛)  , and the scaling factors (𝑘𝑗) of all 

(𝑗 = 1, … , 𝑛)  criteria, MACBETH aggregates all this information through the additive value model (Figure 

3.3) and the overall score of options is calculated. In this way, options can be ranked in terms of global 

attractivity. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3-3: Additive value model equation and conditions 

 

Although additive models are easily understood by decision makers, it requires that interactions between 

criteria are only weak, which can be a disadvantage as it was already mentioned before.  

3.2.7 Recommending - Dealing with Uncertainty  

 

The results provided by any MCDA model, including the MACBETH method, are not exact. Instead they 

are imprecise and uncertain, so, there is a huge concern regarding the results stability. Therefore, the 

facilitator is responsible for the systematically examination and reporting of all uncertainties. According 

to [Briggs et al. (2012)], 4 types of uncertainty in MCDA can be identified: 

i. Stochastic uncertainty: Irregularity model inputs such as random variability in treatment 

outcomes for a similar group of patients.  

ii. Parameter uncertainty: Includes standard errors around measures of performance.  

iii. Heterogeneity: Variability in model inputs or disagreement of opinions on weights and 

scores. 

iv. Structural uncertainty: Result from the proper decision method assumptions.  

 

Apart from those, the “ISPOR MCDA Emerging Good Practices Task Force” includes one more, related 

to the quality of evidence of expert opinions during the performance measures process. To address 

those uncertainties, the facilitator has essentially two options: include uncertainty as a criterion itself or 

develop sensitivity and robustness analysis [Kevin Marsh et al. (2016)].  

𝑀𝑜𝑑𝑒𝑙 𝐶𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛𝑠: 
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A sensitivity analysis allows to see how the options rank changes if the weight of a given criterion is 

changed. The M-MACBETH displays plots in which the y axis represents the overall score, and the x 

axis represents the weight variation of a given criterion in percentage units.  

Regarding the robustness analysis, it is based on the additive dominance concept, in which an option 𝑎 

additionally dominates an option 𝑏, if the difference between their global scores is always positive, 

𝑉(𝑎) − 𝑉(𝑏) > 0. This means that 𝑎 dominates 𝑏, if and only if 𝑎 is not worse than 𝑏 in none of the criteria 

and 𝑎 is better than 𝑏 in at least one criterion.  

The M-MACBETH software includes both a sensitivity and a robustness analysis tools that will be 

applied in the MCDA model developed in this master thesis. 

 

3.2.8 Recommending - Reporting and Examination of Findings  

 

The last step of any MCDA implementation is the communication of all the process, including the inputs, 

the used methods and the outputs. This can be done through tabular and graphical formats that are 

usually displayed by a proper software like M-MACBETH. 

 

 

 

3.3 Proposed Methodology  

 

From the previous brief description of MACBETH phases, one can easily notice the presence not only 

of technical elements, but also social aspects. With that said, the proposed methodology in this master 

thesis, presents a socio-technical design capable to reflect both the social and technical decisions 

involved (Figure 3.4).  

The social component is responsible for engage all the key players during the modelling process. 

According to [L.Philips and C.Bana e Costa], “(…) socio-technical process improves communication 

(…), develops shared understanding (…) and generates a sense of common purpose (…)”. Hence, 

questions such as “Who?”, “When?” and “How?” shape the social element of a MCDA. This component 

is materialized in decision conferences, which are moments that gather together all key players who are 

assisted by an impartial facilitator responsible for conducting the discussing process, for developing a 

model and for exploring the outputs of it, without contributing to the content of discussions. [Lawrence 

D.Philips, (2006)].  

Typically, a decision conference implies 5 steps: the first one is an inquiry that is given by the sponsoring 

organization to the client, to determine if an issue really exists and if a decision conference can help. If 

in fact an issue exists, the facilitator meets with the decision maker to better understand the issue and 

to be sure that the decision conference is the best approach. If yes, the facilitator will define with the 

decision maker which are the goals of the decision conference, and who should be the key players that 

must attend. At this stage, it is important to guarantee that people whose perspectives can make relevant 

contributions are included, and they can be evaluators or not. Once this preparation phase is completed, 



 51 

the decision conference starts with a revision of the objectives established by the decision maker. Here 

the facilitator motivates the participants to discuss the objectives until agreement is achieved. Then all 

relevant information is transmitted by the facilitator to all participants making them able to achieve the 3 

purposes of any decision conferencing: “shared understanding, sense of common purpose and 

commitment to the way forward” [Lawrence D.Philips, (2006)].  

Deep down decision conferences deconstruct the standard consultancy model where the consultant 

gathers data from his client, then analyses his client’s problem and finally sells a solution. Instead, 

decision conferences give scope for all key players to talk to each other, to exchange information and 

to present different perspectives using the model as a “neutral repository for all the information and 

value judgments” [Lawrence D.Philips, (2006)]. 

According to [Lawrence D.Philips, (2006)], although each decision conference has it is unique nature, 

some elements are cross-cutting to any decision conference: 

 

i. Key players participation: key players are strategically selected to guarantee that all the 

main perspectives on the discussing issues are present. 

ii. Presence of an impartial facilitator: an individual process consultant that needs to ensure 

that the group remains task oriented. 

iii. On-the-spot modelling: all key players are free to argue, modify and edit the model inputs 

but every input that enters to the model must be seen by all participants to keep the 

modelling process as transparent as possible. This methodology ends up breaking a 

complex problem in multiple smaller problems, making easier for key players to fully 

understand the problem as the model becomes increasingly realistic.  

iv. Interactive and iterative environment: once the model displays the first results, new 

perspectives can emerge which leads to model revision and possible modification. In this 

sense, the model itself can be seen as a neutral participant that presents the collective 

results. So, the modelling process keeps going until the model becomes “requise”, i.e, the 

model’s structure and content are good enough to resolve the problem.  

 

On the other hand, the technical component provides a transparent design and implementation of the 

MCDA model.  

 



 52 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3-4: Elements of the Socio-Technical Design of any MCD model 

 

 

 

 

 

To be aligned with the good practice guidelines for conducting a MCDA model to aid healthcare decision 

making, all the recommendations established by ISPOR in 2014 on MCDA Emerging Good Practices 

Task Force, were highly considered. 

Hence, the socio-technical methodology used to address this master thesis challenge is represented in 

Figure 3.5.  

 

 

 

 

 

 

Who? 

When? 

How? 

Which 

MCDA 

method? 

Which 

software? 
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Figure 3-5: Proposed methodology overview  

 

The proposed methodology starts with the identification of the model inputs, namely the problem context, 

the screening criteria, the options to be considered and the relevant available data to be included. All 

those inputs were gathered in a raw state, during exploratory interviews with evaluators. During this 

process, the problem was contextualized under the decision maker point of view and under JMS inner 

features. In this sense it was set that some data would be uncertain for confidential reasons, that only 

CUF hospitals should be considered, and only data from July 2017 to June 2018 would be available. 

Combining this information with some literature review, a value measurement model based on the 

MACBETH method was developed to support the decision problem.  

 By looking at Figure 3.5, one can notice that all the recommended steps to implement a value 

measurement model, defined by ISPOR in 2014 on MCDA Emerging Good Practices Task Force were 

included and grouped into the 4 phases of MACBETH: Context, Structuring, Evaluation and 

Recommendation [Carlos A. Bana e Costa et al. (2012)]. 
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Concerning the social aspects included in the model, 2 moments must be referred: 

 

The structuring phase: Between March 2018 and April 2018, 2 individual exploratory interviews, with 

each evaluator, had place in JMS head office to determine if an issue really existed and if a decision 

conference would help. The first interview took no more than 45 minutes and assumed an informal 

character, where no structured inquiry was made. Regarding the second interview, it took approximately 

60 minutes and it was a more structured interview. The facilitator started by presenting the issue and 

then helped evaluators to define which were the goals of the decision conferences.  

Hence, between April 2018 and August 2018, several decision conferences with variable durations had 

place in JMS facilities and all of them started by a revision of the objectives. During those moments 

evaluator’s interventions were conducted by the facilitator until a requisite model was reached. In short, 

these two elements although extremely complementary, had very different functions.  

 

The evaluation phase: Between August 2018 and September 2018, several decision conferences with 

variable durations, had place in JMS facilities, with both evaluators and decision maker, who worked in 

group with the facilitator in order to capture preferences through qualitative judgments and reach 

consensus. 

 

The proposed methodology ends with the typical outputs provided by this software, that are deeply 

explored in Chapter 5.  
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Chapter 4 

4. Application of the Methodology 

 

The proposed methodology will now be applied to build a multicriteria decision model that follows a 

MACBETH approach: a multi-methodological framework supported by the M-MACBETH software. The 

whole process of this preliminary application aims to support José de Mello Saúde, in the decision of 

selecting the next medical condition and respective CUF hospital that should be integrated in the VBH 

program. Apart from the final results, all steps involved in the building of the MCDA model will be 

described in this chapter.  

 

4.1 Problem Context 

 

Betting on a culture of clinical excellence, José de Mello Saúde constituted in 2015 in collaboration with 

the International Consortium for Health Outcomes Measurement (ICHOM), the “Value-Based Healthcare 

Program”. This program is focused on delivering patient-centered healthcare by considering not only 

the traditional clinic health indicators but also the patient reported outcomes since time zero, when the 

patient is admitted in a CUF hospital, up to 5 years after the patient is discharged. As it was mention in 

Chapter 1, back in 2015 when the program was designed, the clinical board of JMS identified 13 medical 

conditions with high potential to be pilots of the program: cataracts, breast cancer, pregnancy & 

childbirth, colorectal cancer, coronary artery disease, localized prostate cancer, low back pain, lung 

cancer, hip osteoarthritis, knee osteoarthritis, macular degeneration, obesity and varicose veins. 

Furthermore, only the 7 CUF hospitals were considered by the program: HCIS, HCP, HCD, HCTV, HCC 

and HCV.  Therefore, adding the 7 CUF hospitals, the 13 medical conditions and the fact that not all 

CUF hospitals treat all 13 medical conditions, the decision maker (advisory clinical board) faced the 

challenge of ranking 81 VBH strategies (Table 4.1). 

 

Table 4-1: VBH Strategies Pair [medical condition – CUF hospital] considered in the MCD model 

 HCIS HCP HCD HCTV HCS HCC HCV 

Medical Condition        

Cataracts 
Strategy 

1 

Strategy 

2 

Strategy 

3 

Strategy 

4 

Strategy 

5 

Strategy  

6 

Strategy 

7 
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Among the 81 available VBH strategies, strategies 1, 3, 6, 8, 10, 23, 33 and 56 are highlighted in green 

because they are already covered by the program. The implementation of these 8 strategies had its 

origin on the initial decisions took by the clinical board supported by the 3 factors mentioned in Chapter 

1.  

In alignment with the previous chapter, a proper contextualization of any decision problem includes 5 

aspects that were analyzed in the presence of all involved evaluators and decision makers (Table 4.2). 

Table 4-2: Definition of the decision problem 

Context 

Why is the decision problem relevant? 

Once the Value Based Healthcare Program is 

aligned with the clinical differentiating project 

(one of the 5 strategic pillars of JMS business 

plan), having a consistent strategy for the project 

future is a major concern. Hence, the next step of 

the program cannot be random, and that is why 

the presented decision problem must be carefully 

addressed though a structured data analysis.  

Breast Cancer 
Strategy 

8 

Strategy 

9 

Strategy 

10 
- 

Strategy 

11 

Strategy 

12 

Strategy 

13 

Pregnancy and 

Childbirth 
- 

Strategy 

14 

Strategy 

15 
- - - - 

Colorectal Cancer 
Strategy 

16 

Strategy 

17 

Strategy 

18 

Strategy 

19 

Strategy 

20 
Strategy21 

Strategy 

22 

Coronary Artery 

Disease 

Strategy 

23 

Strategy 

24 

Strategy 

25 
- 

Strategy 

26 

Strategy 

27 

Strategy 

28 

Localized Prostate 

Cancer 

Strategy 

29 

Strategy 

30 

Strategy 

31 

Strategy 

32 

Strategy 

33 

Strategy 

34 

Strategy 

35 

Low Back Pain 
Strategy 

36 

Strategy 

37 

Strategy 

38 

Strategy 

39 

Strategy 

40 

Strategy 

41 

Strategy 

42 

Lung Cancer 
Strategy 

43 

Strategy 

44 

Strategy 

45 
- 

Strategy 

46 

Strategy 

47 

Strategy 

48 

Hip Osteoarthritis 
Strategy 

49 

Strategy 

50 

Strategy 

51 

Strategy 

52 

Strategy 

53 

Strategy 

54 

Strategy 

55 

Knee Osteoarthritis 
Strategy 

56 

Strategy 

57 

Strategy 

58 

Strategy 

59 

Strategy 

60 

Strategy 

61 

Strategy 

62 

Macular 

Degeneration 

Strategy 

63 

Strategy 

64 

Strategy 

65 

Strategy 

66 

Strategy 

67 

Strategy 

68 

Strategy 

69 

Obesity 
Strategy 

70 

Strategy 

71 

Strategy 

72 
- 

Strategy 

73 
- 

Strategy 

74 

Varicose Veins 
Strategy 

75 

Strategy 

76 

Strategy 

77 

Strategy 

78 

Strategy 

79 

Strategy 

80 

Strategy 

81 
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What does the decision maker expect to be 

accomplished with the MCDA support? 

According to the information provided during 

exploratory interviews with evaluators and 

decision makers, it is expected that this 

multicriteria model works as a functional tool, 

capable to integrate objective measurement with 

value judgements. Hopefully it will help the 

decision maker to manage subjectivity, 

considering judgements in a transparent way.  It 

is also clear to the decision maker and evaluators 

that there is no MCDA able to “prescribe” 

decisions. In other words, there is no such thing 

as the “right decision” or “optimum decision” as 

usually happen in traditional operational research 

[Belton and Steward, (2002)].  

Type of decision problem 

Is it a choice, sorting or ranking problem? 

According to the definition provided in the 

previous chapter, in a ranking problem options 

are ranked from best to worst by means of scores 

or pairwise comparisons.  With that said, the 

decision to select the next medical condition and 

respectively CUF hospital that will be integrated 

in the VBH program is classified as a ranking 

problem.  It is expected to obtain the 81 VBH 

strategies ranked from best to worst by means of 

pairwise comparisons supported by the 

MACBETH.  

Is it a repeated or a one-off decision? 

For now, only the 13 medical conditions selected 

initially by the clinical advisory board are 

considered. However, it is easy to predict that 

soon it will be necessary to apply the same MCDA 

to other group of options. With that said, although 

the present MCDA is built around the specific 

features of those medical conditions, an effort is 

made to ensure that the model can cope with 

different options regarding different medical 

conditions. With that said, in the future it should 

be simple to adjust the model to other medical 

conditions, which make the decision problem a 

repeated one.  

Options 
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Is the number of options finite? 
Yes. There are 81 VBH strategies, which are 

summarized in Table 4.1. 

Which are the options? 

Each of the 81 VBH strategy is a pair composed 

by one of the 13 medical conditions and by one 

of the 7 CUF hospitals, for example Cataracts - 

Hospital CUF Infante Santo (HCIS).  

Evaluators and decision makers 

Who are the evaluators and decision makers 

involved? 

Attending to the internal organization of JMS, the 

VBH program is one of the projects addressed by 

the clinical information management team. This 

team includes 4 non-clinical health technicians, 1 

administrative assistant, 1 project manager and 1 

project lead. Daily, this clinical information 

management team is responsible to 

operationalize and manage all the VBH program. 

Nevertheless, the full-time equivalents (FTEs) 

dedicated to the VBH program varies within the 

VBH team. In fact, the project manager, the 

project lead and 1 of the non-clinical health 

technicians are the ones with more FTEs 

allocated to the VBH program, which makes them 

the evaluators of this multicriteria model. Both the 

project manager and the non-clinical health 

technician are biomedical engineers who work 

directly on the field, closely with doctors, nurses 

and other clinical technicians, and help them to 

implement and monitor the VBH program. The 

project lead is the corporate director of quality in 

JMS and operates at a higher level, defining the 

strategy of the clinical information management 

team. Additionally, the project lead is also part of 

the clinical advisory board.  

The decision maker is the clinical advisory board 

of JMS that includes several clinical and non-

clinical directors. This is the entity that will choose 

from the 81 available VBH strategies, which will 

be the next medical condition and respective 

CUF hospital, covered by the VBH program.  

Output Required 
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What is the type of output? 

Once the MACBETH method is the basis of this 

multicriteria decision model, a complete ranking 

with scores will be provided as the final output. 

 

4.2 Structuring - Selecting and Structuring Criteria 

 

When all process participants were comfortable with the decision problem definition, several decision 

conferences with the project manager and the non-clinical health director had place in the head office 

of JMS in order to explore which were the relevant criteria that should be included in the model. In the 

first iteration, 15 criteria were selected to be integrated in the model. However, a deepest analysis lead 

to the screening of 4 criteria since some of them were redundant and others were interdependent. Also, 

1 criterion was defined as a screening criterion - during the decision conferences, it became clear that 

the VBH program was not approved whenever the clinical team was not committed to engage with the 

VBH program. Hence, the level of clinical engagement was defined as a screening criterion.  

Therefore, the 81 VBH strategies were appraised against 10 criteria (Figure 4.1), (highlighted in red) 

and 7 non-criteria nodes (highlighted in grey) clustered in 2 concern areas: implementation and 

monitorization drivers of the VBH program (A1), and implementation and monitorization costs of the 

VBH program (A2) (Figure 4.1). 

To be operational, each criterion must be fully described, and performance descriptors with plausible 

impact levels must be selected. It was assumed that all performance levels attributed to any descriptor 

should follow a logic of best plausible impact level, good and neutral reference levels and worst plausible 

impact level Thus, the description of each criterion defined during the decision conferences is presented 

below and the corresponding descriptors and reference levels are presented in Table 4.3: 

 

Case-by-case Criterion 

 

This criterion is operationalized by the volume of JMS clients with a given medical condition, in each 

CUF hospital between July 2017 and June 2018. Once the VBH program has a strong component of 

data analysis, it is important to have significant volumes of data. Therefore, if the volume of patients with 

a medical condition x in CUF hospital y is low, there is a higher probability that conclusions derived from 

these data are distant from reality,    

 

Burden of Medical Condition Criterion 

 

According to the World Health Organization, “the burden of disease can be thought of as a measurement 

of the gap between current health status and an ideal health situation where the entire population lives 

to an advanced age, free of disease and disability.” [The Global Burden of Disease 2004 Update – World 

Health Organization]. In other words, it measures the overall health impact of a medical condition. 

Typically, is measured in disability adjusted life years (DALYs), which takes into consideration the 
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number of years of life lost and the number of years lived with disability. The mathematical expression 

associated is as follows:  

𝐷𝐴𝐿𝑌

= 𝑌𝐿𝐿(𝑌𝑒𝑎𝑟𝑠 𝑜𝑓 𝐿𝑖𝑓𝑒 𝐿𝑜𝑠𝑡 𝑓𝑜𝑟 𝑎 𝑔𝑖𝑣𝑒𝑛 𝑐𝑎𝑢𝑠𝑒 𝑎𝑔𝑒 𝑎𝑛𝑑 𝑠𝑒𝑥)

+ 𝑌𝐿𝐷(𝑌𝑒𝑎𝑟𝑠 𝐿𝑜𝑠𝑡 𝑑𝑢𝑒 𝑡𝑜 𝐷𝑖𝑠𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑓𝑜𝑟 𝑎 𝑝𝑎𝑟𝑡𝑖𝑐𝑢𝑙𝑎𝑟 𝑐𝑎𝑢𝑠𝑒 𝑖𝑛 𝑎 𝑝𝑎𝑟𝑡𝑖𝑐𝑢𝑙𝑎𝑟 𝑡𝑖𝑚𝑒 𝑝𝑒𝑟𝑖𝑜𝑑)

= (𝑁 × 𝐿) + (𝑃 × 𝐷𝑊) 

Where: 

𝑁 = 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑒𝑎𝑡ℎ𝑠  

𝐿 = 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑙𝑖𝑓𝑒 𝑒𝑥𝑝𝑒𝑐𝑡𝑎𝑛𝑐𝑦 𝑎𝑡 𝑎𝑔𝑒 𝑜𝑓 𝑑𝑒𝑎𝑡ℎ𝑠 𝑖𝑛 𝑦𝑒𝑎𝑟𝑠 

𝑃 = 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑟𝑒𝑣𝑎𝑙𝑒𝑛𝑡 𝑐𝑎𝑠𝑒𝑠 

𝐷𝑊 = 𝑑𝑖𝑠𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 𝑓𝑎𝑐𝑡𝑜𝑟   

DW reflects the severity of a medical condition on a scale from 0 to 1 where 0 means perfect health and 1 means 

death. 

 

Hence, one DALY represents the loss of one year of life lived in full health. That means the burden of a 

given medical condition will be greater for both medical conditions with a high mortality rate, and medical 

conditions with low mortality rates but high prolonged rates of disability.  Concerning the performance 

levels, the same logic of 4 impact levels was applied and the reference levels were defined in such a 

way that medical conditions with a higher disease burden, would be the ones that should be covered by 

the VBH program as fast as possible. 

 

National Prevalence of Medical Condition Criterion 

 

Prevalence is defined by the Centres for Disease Control and Prevention as a morbidity frequency 

measure that reflects the number of who have a given medical condition at any given time, which means 

that new and pre-existing cases are included.  

Hence, the national percentage prevalence is calculated as follows:  

 

𝐴𝑙𝑙 𝑛𝑒𝑤 𝑎𝑛𝑑 𝑝𝑟𝑒𝑒𝑥𝑖𝑠𝑡𝑖𝑛𝑔 𝑐𝑎𝑠𝑒𝑠 𝑜𝑓 𝑎 𝑔𝑖𝑣𝑒𝑛 𝑚𝑒𝑑𝑖𝑐𝑎𝑙 𝑐𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛 𝑑𝑢𝑟𝑖𝑛𝑔 𝑎 𝑔𝑖𝑣𝑒𝑛 𝑡𝑖𝑚𝑒 𝑝𝑒𝑟𝑖𝑜𝑑

𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑑𝑢𝑟𝑖𝑛𝑔 𝑡ℎ𝑒 𝑠𝑎𝑚𝑒 𝑡𝑖𝑚𝑒 𝑝𝑒𝑟𝑖𝑜𝑑 
× 100% 

 

Naturally deciding which is the next medical condition that should be covered by the VBH program is 

highly impacted by the Portuguese prevalence of each medical condition. Since the program wants to 

reach as many people as possible in the shortest possible time, the selected reference levels reflect this 

purpose and were based in the most recent available data regarding the Portuguese population.  
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Clinical Complications Criterion 

 

The number of clinical complications is a common indicator used to evaluate the quality of healthcare 

services of a hospital. In the context of this master thesis, a clinical complication is defined as any 

undesirable and unexpected result of any medical or surgical intervention, that happens during the 

timestamp of an episode. An episode starts when a patient is admitted in any CUF Hospital, becoming 

a JMS client, and finish when the patient is discharged. With respect to the reference levels of this 

criterion descriptor (number of clinical complications), it was defined that 5 complications per medical 

condition and CUF Hospital is a neutral performance level because most VBH strategies have an 

average of 5 clinical complications. 10 clinical complications were defined as a good performance level 

since VBH program wants to cover firstly the medical conditions and CUF hospitals with lower quality of 

health service. 

 

Readmissions Criterion 

 

The number of readmissions is also a way to evaluate the quality of hospital care. In this master thesis, 

the hospital faces a readmission whenever a JMS client experiences an unplanned readmission to a 

CUF hospital within 30 days after being discharged from a previous hospital stay. As an example, if a 

JMS client is surgically intervened as a sequence of his/her treatment and is readmitted until 30 days 

after discharge for a surgical wound infection then we are in the presence of a readmission. However, it 

is important to notice that not all unplanned readmissions are related to the previous episode, and some 

of them are not preventable at all. The logic applied in the previous criterion, applies also in the 

readmission’s criterion: the more readmissions, the more urgent the need for VBH program coverage.  

 

Clinical Complexity Criterion 

 

To reflect the different complexity and diversity of medical conditions in each CUF hospital, a clinical 

complexity criterion was included. Hence, evaluators selected the case-mix index (CMI) as the 

appropriate descriptor. According to ACSS (Administração Central do Sistema de Saúde), the CMI is a 

global coefficient of production weighting that allows hospitals to compare between them, the proportion 

of patients with complex medical conditions, and consequently more resource-intensive case load. 

However, using the CMI of each CUF hospital was not the descriptor, once there are CUF hospitals with 

a heavy activity in non-complex medical condition such as pregnancy and childbirth, that lowers the 

CMI, and stuff the significant proportion of patients with complex medical conditions. Therefore, the CMIs 

to be included in the model should be at the medical condition level. However, it was not possible for 

JMS to gather this data, so the CMIs included are referred to the medical specialty of each medical 

condition. For this descriptor, reference levels were selected by keeping in mind that the national CMI 
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is, by definition, equal to 1. Thus, the CMI will deviates from 1 according to the greater or lesser 

proportion of patients with complex medical conditions.   

 

 

Heterogeneity of Surgical Procedures Criterion 

 

Moving from a paradigm of volume to a paradigm of quality in healthcare, also means that best clinical 

practices are transversal to all CUF hospitals to guarantee that all JMS clients always receive the best 

clinical intervention. Hence, JMS wants to minimize as far as possible the heterogeneity of surgical 

procedures. In this sense, the criterion descriptor corresponds to the number of different relevant 

procedures applied to a given medical condition in each CUF hospital. Concerning the reference levels 

attributed to this descriptor, evaluators established (based on their experience) that the “good” reference 

level would be 3 different surgical procedures because having 3 or more different procedures means 

there is a bigger probability for heterogeneity to be reduced.  

 

ICHOM Standard Set Availability Criterion 

 

 “ICHOM’s mission is to unlock the potential of value-based health care by defining global standard sets 

of outcome measures that really matter to patients for the most relevant medical conditions and by 

driving adoption and reporting of these measures worldwide” (ICHOM, 2018). Standard sets are built 

for each medical condition and include a combination of patient reported outcomes, case-mix variables 

(variables that can affect outcomes and allows the building of risk-adjustment models), measurement 

tools (validated instruments to measure outcomes), data sources, and timelines that specify the 

moments for PROMs administration. However, until now ICHOM covered over 54% of the global burden 

disease, which means there is still many medical conditions that are a work in progress and others 

whose work did not start yet. Therefore, is much easier for the VBH program to cover medical conditions 

that already have an ICHOM standard set. Therefore, the availability of ICHOM standard set was the 

selected descriptor. 

 

Burden of PROM Instrument Criterion 

 

According to evaluators’ experience with the pilot phase of VBH program, assessment burden of PROMs 

was highly determinant on the success of the program because of patient and clinician administration 

burden. They verified that both clinical and patient engagement were directly proportional to the required 

demands to administrate a given PROM instrument, namely to the time and effort required.  Based on 

that, evaluators developed a constructed descriptor that considers the total number of PROMs related 

to a given medical condition for a 1-year period, and the total time required for patients to fill them. Then 

evaluators estimated for each medical condition the time demanded to each patient in 1 year and agreed 

that less than 60 min or exactly 60 min would be a neutral time. About the patient effort, evaluators 
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adopted the volume of different PROMs as a measure to quantify the effort. Thus, a medical condition 

with less or equal 10 different PROMs in 1 year-period, was considered a neutral effort. 

 

Implementation and Monitorization Costs Criterion 

 

Although the cost factor was not considered in the pilot phase of the VBH program, evaluators realized 

it was a huge missing part of the initial approach because it was not clear how different it was, in terms 

of costs, for the program to cover the low back pain medical condition and the breast cancer medical 

condition for example. Therefore, evaluators did an extensive study of costs identification and ended up 

defining 2 cost categories: costs of implementation the VBH program in a given medical condition and 

CUF hospital, and monitorization costs. Hence, in the first category all costs related to the necessary 

staff to run the program (clinical team and VBH team working costs) were included, while in the second 

category, were included the costs of the IT infrastructure and PROMs license fees.  

To add the cost criteria to the model the criterion “implementation and monitorization costs” was 

associated with a quantitative descriptor that translates the total annual costs (Appendix B). 

 
 

Table 4-3: Criteria descriptors and respective performance levels and reference levels 

Criteria Descriptor 
Type of 

Descriptor 

Performance 

Level 

Reference 

Level 

Case-by-case 

Total number of 

JMS clients with 

associated 

episodes regarding 

a given medical 

condition in each 

CUF hospital 

between July 2017 

and June 2018. 

Quantitative, 

direct and 

continuous 

175 clients  

125 clients Good 

75 clients Neutral 

25 clients  

Burden of Medical 

Condition  

Percentage of 

disability-adjusted 

life years (DALYs) 

associated with a 

given medical 

condition in 

Portugal in 2016 

Quantitative, 

direct and 

continuous 

 6%  

4% Good 

2% Neutral 

0%  

National 

Prevalence of 

Medical Condition 

Portuguese 

prevalence 

percentage of a 

Quantitative, 

direct and 

continuous 

20%  

15% Good 
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given medical 

condition in 2016 

10% Neutral 

5%  

Clinical 

Complications  

Gross number of   

clinical 

complications 

associated with a 

given medical 

condition in a 

given CUF 

Hospital during an 

episode, i.e. 

between the 

admission day and 

the discharge day. 

Quantitative, 

direct and 

continuous 

15  

10 Good 

5 Neutral 

0  

Readmissions  

Gross number of 

unplanned 

readmissions of 

JMS clients with a 

given medical 

condition to a 

given CUF 

Hospital within 30 

after being 

discharged from 

an earlier episode.  

Quantitative, 

direct and 

continuous 

6  

4 Good 

2 Neutral 

0  

Clinical 

Complexity  

Clinical complexity 

associated with a 

given medical 

specialty in a given 

CUF Hospital 

measured by the 

case mix index.  

Quantitative, 

direct and 

continuous 

1.25  

1 Good 

0.75 Neutral 

0.5  

Heterogeneity of 

Surgical 

Procedures   

Number of 

different surgical 

procedures used 

to approach the 

Quantitative, 

direct and 

continuous 

4  

3 Good 

2 Neutral 
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same medical 

condition in the 

same CUF 

Hospital. 

1  

ICHOM Standard 

Set 

Availability of the 

ICHOM standard 

set for a given 

medical condition. 

Qualitative, 

constructed and 

discrete 

ICHOM standard 

set complete 
Good 

ICHOM standard 

set in progress 
Neutral 

ICHOM standard 

set unavailable 
 

Burden of PROM 

Instrument 

Burden of PROM 

instruments 

measured by the 

demanded time in 

minutes consumed 

to fill and the total 

number of PROMs 

forms of a given 

medical condition 

in one year.  

Qualitative, 

constructed and 

discrete 

≤ 60 min and ≤ 10 

forms 
 

≤ 60 min and > 10 

forms 
Good 

>60 min and ≤ 10 

forms 
Neutral 

>60 min and > 10 

forms  
 

Implementation 

and Monitorization 

Costs 

Total annual cost 

to implement and 

monitor the VBH 

program in a given 

CUF Hospital for a 

given medical 

condition.    

Quantitative, 

direct and 

continuous 

30k € Good 

40k €  

50k € Neutral 

60k €  
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When all criteria were properly defined and described, the participants of the decision conferences, 

adopted a top-down model-structuring strategy that led to the following value – tree (Figure 4.1).  

 

 

 

Figure 4-1: Value Tree obtained in M-MACBETH 
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4.3 Structuring - Measuring Performance  

 

Attending to the 81 VBH strategies, and to the 10 criteria, the performance matrix was filled with data 

whose sources are specified in Appendix B. One should pay attention to the fact that not all data is 

referred to the same year, making the model less precise. As an example, data concerning the burden 

of medical condition is from 2016 while all data displayed under confidential terms by JMS is from July 

2017 to June 2018. Nevertheless, all data was validated by all evaluators and decision makers. 

Table 4.4 only includes a portion of the performance matrix. The complete matrix can be found in 

Appendix B. 

Table 4-4: VBH strategies performances for each of the 10 criteria 

V
B

H
 S

tr
a
te

g
ie

s
 

C
a
s
e
-b

y
-c

a
s
e
 

B
u
rd

e
n
 o

f 

M
e

d
ic

a
l 

C
o
n
d
it
io

n
 

N
a
ti
o

n
a
l 

P
re

v
a
le

n
c
e
 o

f 
M

e
d
ic

a
l 

C
o
n
d
it
io

n
 

C
lin

ic
a
l 

C
o
m

p
lic

a
ti
o

n
s
 

R
e
a
d
m

is
s
io

n
s
 

C
lin

ic
a
l 

C
o
m

p
le

x
it
y
 

H
e
te

ro
g
e
n
e
it
y
 

o
f 

S
u
rg

ic
a
l 

P
ro

c
e
d
u
re

s
 

IC
H

O
M

 

S
ta

n
d
a
rd

 S
e
t 

A
v
a
ila

b
ili

ty
 

B
u
rd

e
n
 o

f 

P
R

O
M

 

In
s
tr

u
m

e
n
t 

Im
p

le
m

e
n
ta

ti
o

n
 

a
n
d
 

M
o

n
it
o
ri
z
a
ti
o

n
 

C
o
s
ts

 

CAT HCIS 880 0.17% 1.61% 11 0 0.59 1 Complete 
≤60min 

≤10forms 
30380.50€ 

CAT HCP 1240 0.17% 1.61% 4 0 0.58 1 Complete 
≤60min 

≤10forms 
31516.96€ 

CAT HCD 427 0.17% 1.61% 4 0 0.60 1 Complete 
≤60min 

≤10forms 
29051.32€ 

CAT HCTV 305 0.17% 1.61% 1 0 0.63 1 Complete 
≤60min 

≤10forms 
28599.42€ 

CAT HCS 298 0.17% 1.61% 1 0 0.59 1 Complete 
≤60min 

≤10forms 
28592.78€ 

CAT HCC 355 0.17% 1.61% 2 1 0.58 1 Complete 
≤60min 

≤10forms 
28644.16€ 

CAT HCV 223 0.17% 1.61% 1 0 0.61 1 Complete 
≤60min 

≤10forms 
28321.79€ 

BC HCIS 73 1.36% 14% 0 2 1.28 11 Complete 
>60min 

≤10forms 
51274.57€ 

BC HCP 74 1.36% 
14% 

4 0 0.95 7 Complete 
>60min 

≤10forms 
51265.11€ 

BC HCD 135 1.36% 
14% 

5 2 1.62 15 Complete 
>60min 

≤10forms 
51459.49€ 

BC HCS 16 1.36% 
14% 

0 2 1(1) 7 Complete 
>60min 

≤10forms 
51089.6€ 

BC HCC 11 1.36% 
14% 

0 0 1(1) 2 Complete 
>60min 

≤10forms 
51044.31€ 

BC HCV 6 1.36% 
14% 

0 0 1(1) 3 Complete 
>60min 

≤10forms 
51024.76€ 

Preg.Child HCP 901 0.64% 0.76% 0 0 0.45 5 Complete 
>60min 

>10forms 
54435.21€ 

Preg.Child HCD 2354 0.64% 0.76% 3 6 0.48 5 Complete 
>60min 

>10forms 
61364.58€ 
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4.4 Evaluating - Scoring Options  

 

In this evaluation phase of MACBETH, the qualitative judgments were collected and inserted in the 

judgment’s matrix of M-MACBETH software. Once there were no inconsistences, MACBETH presented 

value scales to decision makers for validation. Hence, decision makers were adjusted when needed, 

within the allowed limits and the final value functions were obtained. 

Although all value matrixes and respective value functions are presented in Appendix C, the “Case-by-

case” criterion value function is analyzed in detail in this chapter because of it´s interesting S curve 

behaviour. 

The “Case-by-case” criterion is a quantitative, direct and continuous criterion and for that reason the 

scale is represented in a plot (Figure 4.2). In MACBETH, value functions are piecewise functions once 

the difference in attractiveness between two consecutive levels may be distinct from the difference in 

attractiveness between two other consecutive levels. That is precisely what happens with “Case-by-

case” criterion: It is more attractive to pass from a volume of 75 JMS clients to a volume of 125 JMS 

clients, than to pass from 25 JMS clients to 75 JMS clients. As a result, the value function acquires an 

S-shaped curve with a concave behaviour (when the volume is increased up to 75 JMS clients) and a 

convex behaviour (when the volume is increased up to 175 JMS clients). According to evaluators, 

moving from 25 to 75 JMS clients is an unsatisfactory improvement because 75 JMS clients is a neutral 

number of JMS clients. On the other hand, moving from 125 to 175 JMS clients is almost as attractive 

as moving from 25 to 75 JMS clients because when the good reference level is achieved, the increasing 

attractiveness impact is lower. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-2: Judgement matrix and value function regarding the “Case-by-case” criterion 
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4.5 Evaluating - Weighting Criteria 

 

As referred in the previous chapter, the weighting criteria step attributes a scale coefficient to each 

criterion according to its contribution in the calculation of each option’s overall score.  

The weighting procedure used in this master thesis is the so-called swing weighting procedure that 

involves 2 steps:  

1- Ranking swings neutral-to-good by decreasing order of preference – During decision 

conferences, evaluators were asked to consider all criteria in the neutral performance level i.e 

levels with a zero score (blue board in Figure 4.3). Then, questions a and b were posed to 

evaluators until all criteria were covered: 

a. “If it was possible to choose one and only one criterion to go from a neutral 

performance (zero score) to a good performance (100 score), which one 

would you select?” 

b. “Excluding the chosen criterion, which criteria would you choose now to go 

from a neutral performance (zero score) to a good performance (100 

score)?” 

It is important to mention that it was explained to evaluators that they should ask those questions by 

looking at the attractiveness of improvement and not to criteria per se, to avoid the most common critical 

mistake of decision making [Keeney (1992)]. 

Hence, the rank of swings by decreasing order of preference, obtained during decision conferences is 

illustrated in Figure 4.3, being “Case-by-case” at the top and “ICHOM Standard Set Availability” at the 

bottom of the rank. 
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Figure 4-3: Criteria rank for decreasing order of preference according to evaluators  

 

2- Qualitatively judging differences of overall attractiveness – criteria weights are also obtained 

through qualitative judgments access by pairwise comparison of the swings. The obtained 

weighting matrix is illustrated in Figure 4.4. Once this weighting matrix is complete, weights are 

automatically assigned to criteria by the software, but evaluators can adjust the weights within 

certain limits consistent with the weighting matrix. In this sense, the already validated weights 

of each criteria are presented in Figure 4.5.  

 

 

 

 

Figure 4-4: Weighting matrix judgments  
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Figure 4-5: Weights obtained in percentage of each criterion  
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Chapter 5 

5. Results and Discussion  

In this section the results from the applied methodology will be presented and discussed. Furthermore, 

a sensitivity analysis and a robustness analysis are as well described in this chapter.  

Being the model built, the M-MACBETH software displays the table of global scores of each VBH 

strategy (Figure 5.1, Figure 5.2, Figure 5.3).  

5.1 Overall Scores 

Strategies with an overall score above the good level:  

 

Figure 5-1: VBH strategies with an overall score above the good level  

 

Strategies with an overall score between the neutral and the good levels:  

 

Figure 5-2: VBH strategies with an overall score above the neutral level and bellow the good level 
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Strategies with an overall score below the neutral level:  

 

Figure 5-3: VBH strategies with an overall score bellow the neutral level  

 

According to Figure 5.1, JMS must first include in its VBH program the following 19 VBH strategies: 

coronary artery disease in HCIS and HCP, pregnancy and childbirth in HCD, low back pain and varicose 

veins in all hospitals where these conditions are treated, breast cancer in HCD, obesity in HCP and 

colorectal cancer in HCIS and HCP.  

Comparing these results with the past decisions made by JMS, it turns out that the decision maker past 

decision is highly misaligned with the model results – from the 19 strategies with a global score above 

100 outputted by the model, only 3 were coincident with the first group of VBH strategies covered by the 

VBH program of JMS, i.e. breast cancer in HCD, low back pain in HCIS and coronary artery disease in 

HCIS. Apart from these 3 strategies, JMS had also selected knee osteoarthritis in HCD, cataracts in 

HCIS and breast cancer in HCIS that appear between the good and the neutral levels, and finally 

cataracts in HCD and HCC that fall below the neutral level in the score table. When confronted with 

these results, the decision maker explained that at the time the market was really focused in hip and 

knee osteoarthritis and cataracts medical conditions. In fact, the ICHOM global outcomes benchmarking 

program had just launched two pilot benchmarking programs for these 2 medical conditions and by 

October 2016, 25 providers were participating in the hip and knee osteoarthritis pilot and 55 in cataracts, 

including JMS. Furthermore, OECD revealed in 2017 that PROMs have been more commonly used to 

measure the outcomes of patients following elective surgeries, particularly knee and hip replacement 

and cataracts surgeries. OECD explained this is due to the nature of these medical conditions that do 

not present as many challenges in survey design and implementation comparing to chronic or long-term 

medical conditions. As such, the decision maker was not surprised with these misaligned results.  

Is is also interesting to look just to the CUF hospitals associated to the 19 first strategies. With low back 

pain and varicose veins as exceptions, all strategies are linked to the 3 biggest CUF hospitals – HCIS, 

HCD and HCP, which in turn are the hospitals with the higher volume of JMS clients. This reality is 

coherent with the past decisions of JMS, once all VBH strategies were linked to HCIS and HCD. Here 

the pair “CAT-HCC” deserved more attention once HCC is considered a medium dimension CUF 

hospital. When asked, the decision maker explained that the priority was to move to HCP, however the 

HCP cataracts team, was not engaged with the VBH program.  
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In order to better comprehend the model’s results, it was obtained the strategies’ profiles of the four 

strategies with the highest overall scores (Figures 5.4 – 5.7). 

 

 

 

 

 

                                                                                        

 

                                                                                        Figure 5-5: Pregnancy and Childbirth – HCD profile 

 

 

 

 

 

 

 

 

 

         Figure 5-6: Low Back Pain – HCIS profile                     Figure 5-7: Varicose Veins – HCP profile 

 

 

The above figures are related to the weighted profiles of the four strategies with the highest overall 

score. Through these profiles, it is possible to gain a more comprehensive understanding of the model’s 

results, namely the extent to which a strategy score contributes to its overall score [Bana e Costa 

(2015)]. By looking to the above figures, one should know that each bar corresponds to one criterion 

and translates the product between the criteria weight and the strategy ‘s score on the criterion. 

Therefore, it is possible to see the individual contributions made by the strategy’s scores to the strategy’s 

overall score.  

Hence, the first value-based strategy that should be covered by the VBH program of JMS is the coronary 

artery disease in HCIS because there is a huge heterogeneity of medical procedures that probably are 

not justified and consequently represent a major improvement opportunity. In the same way, pregnancy 

and childbirth in HCP is the second highest priority strategy due to its incredible volume of JMS clients 

that can represent a great opportunity for this clinical team to became highly specialized in this medical 

condition. Finally, low back pain in HCIS and varicose veins in HCP are the third and the fourth strategies 

with higher priority due to their high prevalence within the Portuguese population.  

 

 

Figure 5-4:Coronary Artery Disease – HCIS profile 
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5.2 Sensitivity Analysis  

 

The M-MACBETH software allows its users to do a sensitivity analysis on criteria weights to visualize 

how stable the additive model is when some criteria weights vary within the ranges that are allowed by 

the judgements. Through this analysis, it is possible to evaluate the influence that these variations have 

on the global attractiveness of an option, in this case, on the ranking of the VBH strategies. 

In this sense, it is interesting to understand if the strategy immediately above the good reference level 

(“CC-HCP”) and the strategy that fall immediately bellow the good reference level (“Ob-HCIS”) maintain 

their positions if the 3 criteria with greater weight (Case-by-case, Burden of Medical Condition and 

Implementation and Monitorization Costs) suffer variations (Figures 5.8-5.10). One should note that in 

any of the following figures, the current weight (on horizontal axis) is indicated in the vertical red line 

and the overall score is on the vertical axis. 

 

Case-by-case: 

 

 

 

Figure 5-8: Sensitivity profile on weight of volume of JMS clients for the CC-HCP strategy 

 

According to figure 5.8, it is possible to conclude that if the weight of this criterion increases more than 

18.4% the CC-HCP strategy will no longer be above the good reference level.  
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Figure 5-9: Sensitivity profile on weight of volume of JMS clients for Ob-HCIS strategy 

 

Regarding the Ob-HCIS strategy, it is clear from figure 5.9 that this strategy will always stay below the 

good reference level unless the weight of this criterion became less than 14.8%. 

 

Burden of Medical Condition: 

 

 

Figure 5-10: Sensitivity profile on weight of medical condition burden for CC-HCP strategy 

Figure 5.10 shows that it is necessary the weight of this criterion increases more than 17.3% for the CC-HCP 

strategy to have an overall score less than 100. 
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Figure 5-11: Sensitivity profile on weight of medical condition burden for Ob-HCIS strategy 

 

Looking at the Ob-HCIS, one can conclude that the sensitivity to variations in the weight of this criteria, 

is higher in comparison to the CC-HCP strategy because it is only need that the weight increases less 

than 1 percentage point, for the Ob-HCIS to stay above the good reference level. 

 

Implementation and monitorization costs: 

 

 

Figure 5-12: Sensitivity profile on weight of implementation and monitorization cost for CC-HCP strategy 

 

Concerning the implementation and monitorization cost, it is possible to conclude that the weight of this 

criteria must increase more than 15.7% to provoke a variation in the ranking by moving the CC-HCP 

below the good reference level.  
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Figure 5-13: Sensitivity profile on weight of implementation and monitorization cost for Ob-HC  

 

It is necessary that the weight increases more than 78.7% for this strategy overall score became more 

than 100.  

5.3 Robustness Analysis  

 

Beyond a sensitivity analysis tool, M-MACBETH also enables its users to perform a robustness analysis. 

A robustness analysis allows one to evaluate ow robust a conclusion drawn from a model is. In a 

decision-making perspective, it is necessary to account for inaccuracies, uncertainties and lack of 

information that shapes the quality of the decision.  

The robustness analysis tool of M-MACBETH displays matrixes filled with proper symbols3 that care for 

deep explanation. Otherwise it is hard to understand how robust an MCDA model is.  

According to the M-MACBETH users guide, the software organizes information into 3 types (ordinal, 

MACBETH and cardinal), and 2 sections (local and global information). Ordinal information concerns 

only to rank, while MACBETH information includes the differences of attractiveness information. 

Cardinal information refers to the specific numerical scales validated by the decision maker [Bana e 

Costa, (2015)]. Regarding the differences between local information and global information, the first one 

refers to all specific criterion information, whereas the second one pertains to the model’s weights.  

In this sense, a robustness analysis advocates variation in the type of information (ordinal, MACBETH, 

cardinal) for both local and global sections, regarding relevant criteria.  

Similarly, to what was done in the sensitivity analysis, both strategies that are immediately above and 

below the good reference level (“CC-HCP” and “Ob-HCIS” respectively) were analyzed through a 

robustness analysis.   

By default, when the robustness analysis window of M-MACBETH is opened, only local and global 

ordinal information is considered (Figure 5.14). Through this figure, it is clear that the frequency with 

                                                      
3 
A red triangle symbol represents dominance, which means that an option dominates another if it is at least as attractive as the 
other in all criteria and it is more attractive than the other in at least one criterion.  
 
A green cross symbol means additive dominance – an option additively dominates another if it is always found to be more attractive 
than the other. 
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which the symbol ? appears in the matrix is very high. This means there is insufficient information for 

the decision maker to be able to define ordinal preferences for each criterion.  

 

 

Figure 5-14: Robustness analysis based on local and global ordinal information  

 

If instead of only local and global ordinal information, local and global MACBETH are considered, it is 

found that the available information is still not enough (Figure 5.15).  

 

Figure 5-15: Robustness analysis based on local and global ordinal and MACBETH information 

 

If local and global ordinal and MACBETH information and local cardinal information are considered, 

once again the available information is not enough to compare the Ob-HCIS and the CC-HCP strategies 

(Figure 5.16). 
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Figure 5-16: Robustness analysis based on local and global ordinal and MACBETH information and local cardinal 
information 

 

Only when local and cardinal, MACBETH and ordinal information is considered, is possible to say the 

following: It is robust to conclude that CC-HCP strategy additively dominates the Ob-HCIS strategy.  

 

Figure 5-17: Robustness analysis based on local and global ordinal, MACBETH and cardinal information 

 

Beside this analysis, it is also interesting to look at the 2 top strategies above the good reference level. 

i.e. (CAD-HCIS and Preg.Child HCD). Therefore, it was possible to conclude that coronary artery 

disease in HCIS additively dominates pregnancy and childbirth in HCD when local and global ordinal, 

MACBETH and cardinal information are considered. Furthermore, if a change is made in the degree of 

imprecision associated with the volume of JMS clients from null to 1% it is not possible to conclude that 

coronary artery disease in HCIS additively dominates pregnancy and childbirth in HCD when local and 

global ordinal, MACBETH and cardinal information are considered. Concerning the medical condition 

burden, if the same procedure is applied, it is necessary to introduce a 13% of imprecision to produce 

the same outcome. 

In short, it was noticed that a variation of high weighting criteria corresponded to an introduction of 

uncertainty in the model very quickly, which means that the built model is robust.  
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6. Chapter 6 – Conclusions and Future Work  

 

Through this master thesis it should be clear that health systems need better information regarding the 

value of its healthcare services. Historically, value has been measured by means of clinical, process 

and demographic indicators uncapable to assess outcomes from the perspective of those most 

concerned – patients and their families. However, this reality has been changing, and nowadays 

healthcare providers, José de Mello Saúde included, are using PROMs to measure value. Although an 

effort is being made to fully implement the value-agenda, most providers are stuck in the first steps. This 

master thesis identifies two main missing steps that can be at the origin of such difficulties to move 

forward in the implementation of the value-agenda:  

- Providers must prioritize the VBH strategies based on clear criteria. They should begin with 

conditions that have clear improvement potential. 

- The cost of quality measurement must be included in the cost element of the value equation. 

Therefore, a multi-criteria decision model was developed to address these missing steps, helping 

providers to prioritize VBH strategies and to know the real value of their delivered services. This model 

was built in the context of the JMS case study, but it can be applied to any other provider. From the 

results obtained in the previous chapter, the model was able to rank the 81 VBH strategies of JMS, 

based on 10 criteria, which allowed JMS to review the all VBH program and to redesign the future of the 

program. As an example, it became clear that pregnancy & childbirth, colorectal cancer and breast 

cancer are the most expensive medical conditions to be integrated into VBH program (Figure 7.2), and 

that lung cancer PROMs have the higher burden (Figure 7.3).  From this model, it is expected that JMS 

can easily collect and share transparent, high-quality outcome data, reduce unjustifiable variations in 

clinical practice, change the behaviours within the CUF network and ultimately enhance value. 

From a future perspective, JMS should build a safe learning environment and keep up the pace toward 

transparency, in order to generate enthusiasm for the VBH approach and cover as many medical 

conditions as possible. In the future, JMS will need to prioritize other VBH strategies, and the model 

should be able to cope with that. However, the clinical board must review the model to make sure that 

it stays up-to-date.  

Furthermore, this VBH strategies prioritization problem can evolve to a portfolio problem where a limited 

budget exists and must be respected.  
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7. Appendix 

Appendix A – Search Strategy and Literature Selection Flow 

Diagram 

 (((((((((((("Multicriteria Model") OR "Multi-criteria model") OR "Multi-criteria decision analysis") OR "Multi-criteria 

decision making") OR "Multicriteria analysis") OR "Multicriteria method") OR "Multicriteria evaluation model") OR 

"Multicriteria additive value model") OR "Multicriteria analysis model") OR “MCDA”) OR "Multiattribute decision 

model") OR "Multi-attribute decision model") OR "Multicriteria value measurement model” 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7-1: PRISMA study flow for research on multi-criteria decision analysis on healthcare

Remaining articles screened by title n= 225 

Articles identified by searches n= 3154 

Articles screened n= 3154 

Duplicates excluded n=0* 

Articles excluded because 

their focus was not on Value-

Based Healthcare n=2929 

Articles screened n= 69 

Articles excluded because: 

-Key word “health” was not 

presented in the title or in the 

abstract n=156 

Articles excluded because: 

- Full text was not available 

- Were not written in English 

n=5 

 

Remaining articles screened  

n= 64 

64 included articles  
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Appendix B – JMS Data Used to Build the MCDA Model  

 

All the following data is referred to the period between July 2017 and June 2018.  

Table 7-1: Volume of JMS clients and JMS doctors per medical condition and CUF hospital  

Medical Condition   CUF Hospital (1)   Number of Clients JMS (2) Number of Doctors JMS (3) 

Cataracts 

HCIS 880 40 

HCP 1240 60 

HCD 427 16 

HCTV 305 12 

HCS 298 11 

HCC 355 27 

HCV 223 10 

Breast Cancer  

HCIS 73  10 

HCP 74 13 

HCD 135 20 

HCS 16 2 

HCC 11 4 

HCV  6 3 

Pregnancy and Childbirth 
HCP 901 73 

HCD 2354 92 

Colorectal Cancer 
HCIS  114 25 

HCP 51 14 
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HCD 57 16 

HCTV 1 1 

HCS 5 3 

HCC 19 4 

HCV  7 5 

Coronary Artery Disease  

HCIS 427 33 

HCP 292 28 

HCD 74 15 

HCS 9 5 

HCC 33 5 

HCV 9 3 

Localized Prostate Cancer 

HCIS 74  13 

HCP 84 13 

HCD 53 8 

HCTV 20 5 

HCS 25 4 

HCC 4 4 

HCV  5 2 

Low Back Pain  

HCIS 332 23 

HCP 122 20 

HCD 104 14 

HCTV 71 8 

HCS 29 4 

HCC 52 11 

HCV 22 6 

Lung Cancer HCIS 56  16 
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HCP 45 15 

HCD 47 10 

HCS 4 2 

HCC 1 1 

HCV  2 1 

Hip Osteoarthritis 

HCIS 148 17 

HCP 56 18 

HCD 130 16 

HCTV 66 9 

HCS 117 4 

HCC 71 9 

HCV 36 7 

Knee Osteoarthritis  

HCIS 96 16 

HCP 63 14 

HCD 156 6 

HCTV 55 6 

HCS 138 5 

HCC 80 10 

HCV 31 6 

Macular Degeneration  

HCIS 42 12 

HCP 117 24 

HCD 72 7 

HCTV 11 5 

HCS 4 2 

HCC 35 9 

HCV 16 3 
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Obesity  

HCIS 18 3 

HCP 6 2 

HCD 12 3 

HCS 1 1 

HCV 1 1 

Varicose Veins  

HCIS 270 14 

HCP 369 17 

HCD 285 14 

HCTV 120 5 

HCS 57 4 

HCC 158 9 

HCV 105 7 

(1) – Not all CUF hospitals are able to treat all medical conditions. 

(2) – The presented data only includes patients aligned with the inclusion criteria defined by ICHOM for each medical condition. For Obesity and Varicose Veins, 

are included all JMS clients who were diagnosed with such medical condition. The data was provided by JMS under confidential terms.  

(3) – The “Doctors JMS” data, pertains to the all distinct doctors associated to episodes’ discharges. The data was provided by JMS under confidential terms.  

 

Table 7-2: Number of clinical professionals per medical condition and CUF hospital necessary to address all the predictable activity of each VBH strategy implementation  

                                       Clinical Team (2) 

Medical Condition CUF Hospital (1) Number of Doctors Number of Nurses Number of Clinical Health Technicians Number of Clinical Leads 

Cataracts 

HCIS 40 0 3 1 

HCP 60 0 4 1 

HCD 16 0 3 1 



 A-5 

HCTV 12 0 2 1 

HCS 11 0 2 1 

HCC 27 0 2 1 

HCV 10 0 2 1 

Breast Cancer  

HCIS 10 2 0 1 

HCP 13 2 0 1 

HCD 20 2 0 1 

HCS 2 1 0 1 

HCC 4 1 0 1 

HCV 3 1 0 1 

Pregnancy and Childbirth 
HCP 73 26 0 1 

HCD 92 59 0 1 

Colorectal Cancer 

HCIS 25 2 0 1 

HCP 14 2 0 1 

HCD 16 2 0 1 

HCTV 1 1 0 1 

HCS 3 1 0 1 

HCC 4 1 0 1 

HCV 5 1 0 1 

Coronary Artery Disease  

HCIS 33 3 0 1 

HCP 28 2 0 1 

HCD 15 1 0 1 

HCS 5 1 0 1 

HCC 5 1 0 1 

HCV 3 1 0 1 

Localized Prostate Cancer HCIS 13 2 0 1 
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HCP 13 2 0 1 

HCD 8 2 0 1 

HCTV 5 1 0 1 

HCS 4 1 0 1 

HCC 4 1 0 1 

HCV 2 1 0 1 

Low Back Pain  

HCIS 23 3 0 1 

HCP 20 2 0 1 

HCD 14 2 0 1 

HCTV 8 1 0 1 

HCS 4 1 0 1 

HCC 11 1 0 1 

HCV 6 1 0 1 

Lung Cancer 

HCIS 16 2 0 1 

HCP 15 2 0 1 

HCD 10 2 0 1 

HCS 2 1 0 1 

HCC 1 1 0 1 

HCV 1 1 0 1 

Hip Osteoarthritis 

HCIS 17 4 0 1 

HCP 18 2 0 1 

HCD 16 4 0 1 

HCTV 9 2 0 1 

HCS 4 4 0 1 

HCC 9 2 0 1 

HCV 7 1 0 1 
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Knee Osteoarthritis  

HCIS 16 4 0 1 

HCP 14 2 0 1 

HCD 6 2 0 1 

HCTV 6 1 0 1 

HCS 5 1 0 1 

HCC 10 1 0 1 

HCV 6 1 0 1 

Macular Degeneration  

HCIS 12 0 1 1 

HCP 24 0 2 1 

HCD 7 0 1 1 

HCTV 5 0 1 1 

HCS 2 0 1 1 

HCC 9 0 1 1 

HCV 3 0 1 1 

Obesity  

HCIS 3 1 0 1 

HCP 2 1 0 1 

HCD 3 1 0 1 

HCS 1 1 0 1 

HCV 1 1 0 1 

Varicose Veins  

HCIS 14 3 0 1 

HCP 17 3 0 1 

HCD 14 3 0 1 

HCTV 5 2 0 1 

HCS 4 1 0 1 

HCC 9 2 0 1 

HCV 7 2 0 1 
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(1) - Not all CUF hospitals are able to treat all medical conditions. 

(2)  - Depending on the medical condition and CUF hospital, the human resources’ needs vary. Given that, an estimate of VBH program’ needs concerning human 

resources was made by the evaluators involved and is summarized in this table.  

 

Table 7-3: Number of non-clinical professionals per medical condition and CUF hospital necessary to address all the predictable activity of each VBH strategy implementation 

 VBH Team (1) 

Medical Condition Number of Production 
Managers 

Number of 
Administrative 

Assistants 

Number of Project 
Managers 

Number of Project 
Leads 

Number of Non-Clinical 
Health Technicians 

Cataracts 1 1 1 1 3 

Breast Cancer  1 1 1 1 3 

Pregnancy and Childbirth 1 1 1 1 3 

Colorectal Cancer 1 1 1 1 3 

Coronary Artery Disease  1 1 1 1 3 

Localized Prostate 
Cancer 

1 1 1 1 3 

Low Back Pain  1 1 1 1 3 

Lung Cancer 1 1 1 1 3 

Hip Osteoarthritis 1 1 1 1 3 

Knee Osteoarthritis  1 1 1 1 3 
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Macular Degeneration  1 1 1 1 3 

Obesity  
1 1 1 1 3 

Varicose Veins  
1 1 1 1 3 

 

(1)- Depending on the medical condition and CUF hospital, the human resources’ needs vary. Given that, an estimate of VBH program’ needs concerning human 

resources was made by the evaluators involved and is summarized in this table.  

Table 7-4: Number of working hours per year required to each clinical professional to address the predictable VBH activity in each medical condition and CUF hospital 

   Cataracts 
Breast 

Cancer 

Pregnancy&

Childbirth 

Colorectal 

Cancer 

Coronary 

Artery 

Disease 

Localized 

Prostate 

Cancer 

Low 

Back 

Pain 

Lung 

Cancer 

Hip 

Osteoart

hritis 

Knee 

Osteoart

hritis 

Macular 

Degenerat

ion 

Obesity 
Varicose 

Veins 

Clinical Team 

(1) 

Average 

Cost per 

Hour [€] 

CUF 

Hospital 

(2) 

Work Hours per Year [h] (3) 

Doctor 36.62€ 

HCIS 1.83 0.61 - 0.38 1.08 0.47 1.20 0.29 0.73 0.50 0.29 0.50 1.61 

HCP 1.72 0.47 1.03 0.30 0.87 0.54 0.51 0.25 0.26 0.38 0.41 0.25 1.81 

HCD 2.22 0.56 2.13 0.30 0.41 0.55 0.62 0.39 0.68 2.17 0.86 0.33 1.70 

HCTV 2.12 - - 0.08 - 0.33 0.74 - 0.61 0.76 0.18 - 2.00 

HCS 2.26 0.67 - 0.14 0.15 0.52 0.60 0.17 2.44 2.30 0.17 0.08 1.19 

HCC 1.10 0.23 - 0.40 0.55 0.08 0.39 0.08 0.66 0.67 0.32 - 1.46 

HCV 1.86 0.17 - 0.12 0.25 0.21 0.31 0.17 0.43 0.43 0.44 0.08 1.25 

Nurse 12.35€ 

HCIS 3.67 1.22 - 0.76 2.16 0.95 2.41 0.58 1.45 1.00 0.58 1.00 3.21 

HCP 3.44 0.95 2.06 0.61 1.74 1.08 1.02 0.50 0.52 0.75 0.81 0.50 3.62 

HCD 4.45 1.13 4.26 0.59 0.82 1.10 1.24 0.78 1.35 4.33 1.71 0.67 3.39 

HCTV 4.24 - - 0.17 - 0.67 1.48 - 1.22 1.53 0.37 - 4.00 

HCS 4.52 1.33 - 0.28 0.30 1.04 1.21 0.33 4.88 4.60 0.33 0.17 2.38 

HCC 2.19 0.46 - 0.79 1.10 0.17 0.79 0.17 1.31 1.33 0.65 - 2.93 

HCV 3.72 0.33 - 0.23 0.50 0.42 0.61 0.33 0.86 0.86 0.89 0.17 2.50 
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(1) - The possible types of human resources involved in the clinical and VBH teams, were defined by the evaluators involved in the MCDA building model.  

(2) - Not all CUF hospitals treat all medical conditions.  

(3) - Depending on the medical condition and CUF hospital, the working hours demanded to human resources vary. Given that, an estimate of VBH program’ 

needs concerning human resources’ working hours was made by the evaluators involved and is summarized in this table. 

 

 

Table 7-5: Number of working hours per year required to each clinical professional to address the predictable VBH activity in each medical condition and CUF hospital 

 

Clinical Health 

Technician 
12.82€ 

HCIS 4.40 1.46 - 0.91 2.59 1.14 2.89 0.70 1.74 1.20 0.70 1.20 3.86 

HCP 4.13 1.14 2.47 0.73 2.09 1.29 1.22 0.60 0.62 0.90 0.98 0.60 4.34 

HCD 5.34 1.35 5.12 0.71 0.99 1.33 1.49 0.94 1.63 5.20 2.06 0.80 4.07 

HCTV 5.08 - - 0.20 - 0.80 1.78 - 1.47 1.83 0.44 - 4.80 

HCS 5.42 1.60 - 0.33 0.36 1.25 1.45 0.40 5.85 5.52 0.40 0.20 2.85 

HCC 2.63 0.55 - 0.95 1.32 0.20 0.95 0.20 1.58 1.60 0.78 - 3.51 

HCV 4.46 0.40 - 0.28 0.60 0.50 0.73 0.40 1.03 1.03 1.07 0.20 3.00 

Clinical Lead 36.62€ 

HCIS 2.20 0.73 - 0.46 1.29 0.57 1.44 0.35 0.87 0.60 0.35 0.60 1.93 

HCP 2.07 0.57 1.23 0.36 1.04 0.65 0.61 0.30 0.31 0.45 0.49 0.30 2.17 

HCD 2.67 0.68 2.56 0.36 0.49 0.66 0.74 0.47 0.81 2.60 1.03 0.40 2.04 

HCTV 2.54 - - 0.10 - 0.40 0.89 - 0.73 0.92 0.22 - 2.40 

HCS 2.71 0.80 - 0.17 0.18 0.63 0.73 0.20 2.93 2.76 0.20 0.10 1.43 

HCC 1.31 0.28 - 0.48 0.66 0.10 0.47 0.10 0.79 0.80 0.39 - 1.76 

HCV 2.23 0.20 - 0.14 0.30 0.25 0.37 0.20 0.51 0.52 0.53 0.10 1.50 

  Cataracts 
Breast 

Cancer 

Pregnanc

y&Childbi

rth 

Colorectal 

Cancer 

Coronary 

Artery 

Disease 

Localized 

Prostate 

Cancer 

Low Back 

Pain 

Lung 

Cancer 

Hip 

Osteoarth

ritis 

Knee 

Osteoarth

ritis 

Macular 

Degenera

tion 

Obesity 
Varicose 

Veins 

VBH Team (1) 

Average 

Cost per 

Hour [€] 

Work Hours per Year [h] (3) 
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Table 7-6: Partial and total costs per medical condition and CUF hospital required to address all the predictable VBH activity  

Medical Condition CUF Hospital (1) IT Equipment Cost (2) PROM Form License Fee 
(3) 

VBH Team Fee (4) Clinical Team Fee (4) Total Cost 

Cataracts 

HCIS  
 
 
 
 

150€ 
 
 
 
 
 

0€ 

 
 
 
 
 

27295.25€ 
 
 
 
 
 

2935.25€ 30380.50€ 

HCP 
4071.71€ 31516.96€ 

HCD 
1606.07€ 29051.32€ 

HCTV 
1154.17€ 28599.42€ 

HCS 
1147.53€ 28592.78€ 

HCC 
1198.91€ 28644.16€ 

HCV 
876.54€ 28321.79€ 

Breast Cancer  

HCIS  
 
 

550€ 
 
 
 
 

 
 
 

2000€ 
 
 
 
 

48445.01€ 
 

279.56€ 51274.57€ 

HCP 
270.10€ 51265.11€ 

HCD 
464.48€ 51459.49€ 

HCS 
94.59€ 51089.6€ 

HCC 
49.30€ 51044.31€ 

Administrative 

Assistant 
5.80€ 32 32 32 32 32 32 32 32 32 32 32 32 32 

Project 

Manager 
32.61€ 230 318 274 318 274 318 274 274 274 274 274 274 274 

Project Lead 32.61€ 83 83 83 83 83 83 83 83 83 83 83 83 83 

Production 

Manager  
13.56€ 86 90 88 90 88 90 88 90 88 88 88 88 88 

Non-Clinical 

Health 

Technician 

13.56€ 312 920 836 720 596 480 476 560 396 396 316 356 316 
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HCV 
29.75€ 51024.76€ 

Pregnancy and Childbirth 
HCP 

 
550€ 

 

 
0€ 
 

 
50429.93€ 

 

3455.28€ 54435.21€ 

HCD 
10384.65€ 61364.58€ 

Colorectal Cancer 

HCIS 
 
 

550€ 
 
 
 
 

 
0€ 
 
 
 
 

 
 

45190.61€ 
 

383.36€ 46123.97€ 

HCP 
183.97€ 45924.58€ 

HCD 
201.66€ 45942.27€ 

HCTV 
8.77€ 45749.38€ 

HCS 
24.79€ 45765.40€ 

HCC 
85.15€ 45825.76€ 

HCV 
29.37€ 45769.98€ 

Coronary Artery Disease  

HCIS 
 
 
 

550€ 
 
 
 
 

140€ 
 
 
 
 

 
 
 

38508.33€ 
 

1430.35€ 40628.68€ 

HCP 
972.21€ 40170.54€ 

HCD 
254.04€ 39452.37€ 

HCS 
37.76€ 39236.09€ 

HCC 
138.46€ 39336.79€ 

HCV 
44.63€ 39242.96€ 

Localized Prostate Cancer 

HCIS 
 
 
 

550€ 
 
 
 
 
 

0€ 
 
 
 
 
 

 
 
 

35427.41€ 
 

270.10€ 36247.51€ 

HCP 
306.60€ 36284.01€ 

HCD 
213.27€ 36190.68€ 

HCTV 
83.91€ 36061.32€ 

HCS 
112.04€ 36089.45€ 

HCC 
17.93€ 35995.34€ 

HCV 
29.56€ 36006.97€ 

Low Back Pain  

HCIS 
 
 
 
 
 

 
 
 

0€(5) 

 

 
 
 
 
 

1155.15€ 40213.48€ 

HCP 
419.75€ 39478.08€ 

HCD 
375.16€ 39433.49€ 
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HCTV 
550€ 

 
 
 
 
 

 
 
 
 

38508.33€ 
 

267.44€ 39325.77€ 

HCS 
129.97€ 39188.30€ 

HCC 
185.73€ 39244.06€ 

HCV 
88.11€ 39146.44€ 

Lung Cancer 

HCIS 
 
 

550€ 
 
 
 
 
 

 
 

0€ 
 
 
 
 
 

 
 

38698.17€ 
 

198.12€ 39446.29€ 

HCP 
25.41€ 39273.58€ 

HCD 
38.72€ 39286.89€ 

HCS 
23.65€ 39271.82€ 

HCC 
8.77€ 39256.94€ 

HCV 
17.54€ 39265.71€ 

Hip Osteoarthritis 

HCIS 
 
 
 
 
 
 

550€ 0€ 

 
 
 
 
 
 

30372.33€ 
 

555.21€ 31477.54€ 

HCP 
195.09€ 31117.42€ 

HCD 
493.37€ 31415.70€ 

HCTV 
258.45€ 31180.78€ 

HCS 
704.98€ 31627.31€ 

HCC 
278.03€ 31200.36€ 

HCV 
139.28€ 31061.61€ 

Knee Osteoarthritis  

HCIS 
 
 
 
 

550€ 
 
 
 
 

0€ 
 
 
 
 

 
 
 
 

30372.33€ 
 

364.33€ 31286.66€ 

HCP 
227.26€ 31149.59€ 

HCD 
678.31€ 31600.64€ 

HCTV 
220.28€ 31142.61€ 

HCS 
579.01€ 31501.34€ 

HCC 
289.90€ 31212.23€ 

HCV 
124.16€ 31046.49€ 

Macular Degeneration  
HCIS 

 
 
 

0€ 
 
 

 
 
 

149.96€ 27817.89€ 

HCP 
399.90€ 28067.83€ 
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HCD 
 

550€ 
 
 
 
 

 
 

 
27117.93€ 

 

283.76€ 27951.69€ 

HCTV 
47.27€ 27715.20€ 

HCS 
24.66€ 27692.59€ 

HCC 
131.02€ 27798.95€ 

HCV 
82.03€ 27749.96€ 

Obesity  

HCIS 
 
 

550€ 
 
 
 
 
 

 
 

120€ 
 
 
 
 

 
 

28745.13€ 

89.25€ 29504.38€ 

HCP 
35.47€ 29450.60€ 

HCD 
59.50€ 29474.63€ 

HCS 
8.77€ 29423.90€ 

HCV 
8.77€ 29423.90€ 

Varicose Veins  

HCIS 
 
 
 
 

550€ 
 
 
 
 
 

 
600€ 

 
 
 
 
 

 
 
 
 

27117.93€ 

1013.66€ 29281.59€ 

HCP 
1339.59€ 29607.52€ 

HCD 
1069.98€ 29337.91€ 

HCTV 
552.89€ 28820.82€ 

HCS 
255.46€ 28523.39€ 

HCC 
618.72€ 28886.65€ 

HCV 
437.11€ 28705.04€ 

(1) – Not all CUF hospitals treat all medical conditions 

(2) - The IT Equipment includes the Oracle Software and some hardware. This data was provided by JMS under confidential terms.  

(3) – Each PROM fee license fee was consulted in the official websites.  

(4) – The clinical and VBH teams fee were calculated as follows:  

For the clinical team: 

  [(Number of working hours per year of HR type 1 × Average cost per hour of HR type 1) × Number of HR of type 1] + (…) + [(Number of working 

hours per year of HR type 4 × Average cost per hour of HR type 4) × Number of HR of type 4] 

With HR type 1 = Doctor;  

                                  HR type 2=Nurse;  
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        HR type 3= Clinical Health Technician;  

        HR type 4=Clinical Lead  

                          For the VBH team: 

  [(Number of working hours per year of HR type 1 × Average cost per hour of HR type 1) × Number of HR of type 1] + (…) + [(Number of 

working hours per year of HR type 5 × Average cost per hour of HR type 5) × Number of HR of type 5] 

With HR type 1 = Administrative Assistant 

         HR type 2=Project Manager; 

         HR type 3= Project Lead;  

         HR type 4= Non-Clinical Health Technician;  

         HR type 5= Executive Lead  

(5)- Considered 0€ because no reference was found; 
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Figure 7-2: Total expected costs for each VBH strategy implementation  
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Table 7-7: Demographic data regarding each medical condition  

Medical Condition 
 Disease Burden % 

of total DALYs (1) 
% Dead Cause (2) 

% Disease 

Prevalence (5)  

Cataracts 0.17% 0% 1.61% 

Breast Cancer 1.36% 1.6% 14% 

Pregnancy & Childbrith (3) 0.64% 0.01% 0.76% 

Colorectal Cancer 2.39% 3.5% 11.3% 

Coronary Artery Disease 6.52% 6.6% 3.23% 

Localized Prostate Cancer 0.99% 3.3% 9.4% 

Low Back Pain 5.41% 0% 36.6% 

Lung Cancer 2.85% 3.7% 8.2% 

Hip Osteoarthritis (4) 1.08% 0% 2.9% 

Knee Osteoarthritis (4) 1.08% 0% 12.4% 

Macular Degeneration 0.04% 0% 12.5% 

Obesity 11.5% 1.85% 16.4% 

Varicose Veins 1.69% 0% 35% 

(1) - The data source concerning all medical conditions with Obesity as an exception, was the Institute for Health Metrics and Evaluation (IHME) GBD Data 

Visualizations. The search was refined to include only Portuguese data and is referred to the year 2016 (most recent available data). With respect to the 

Varicose Veins data, it corresponds to the disease burden associated to “other cardiovascular and circulatory diseases” cause. Regarding the Obesity data 

source, it was consulted the “Portugal Alimentação Saudável em números -2014”, where one can find the disease burden associated with obesity in Portugal 

from 2010. The Disease Burden is measured in percentage of total DALYs. 

(2)– The data concerning the following medial conditions: Cataracts, Low Back Pain, Hip and Knee Osteoarthritis and Macular Degeneration, was extracted 

from the GBD Data Visualization as well. The search was refined to include only Portuguese data and is referred to the year 2016 (most recent available 

data). The other medical conditions with obesity as an exception, were obtained from the Portuguese report “Instituto Nacional de Estatística – Causas de 

Morte 2016”. available data). With respect to the Varicose Veins data, it corresponds to the disease burden associated to “other cardiovascular and circulatory 

diseases” cause. Regarding the Obesity data source, it was consulted the “Portugal Alimentação Saudável em Números 2014” - 
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https://www.dgs.pt/estatisticas-de-saude/estatisticas-de-saude/publicacoes/portugal-alimentacao-saudavel-em-numeros-2014.aspx where one can find the 

mortality rate among the Portuguese population in 2010, to be approximately 1850 deaths per 100 000 habitants.  

(3)– It corresponds to the “maternal disorders and neonatal” cause displayed in the GBD data tool visualization.  

(4)- Once the GBD data visualizations do not display knee and hip values separately, it was assumed the same values for each of these 2 medical conditions, 

concerning the % death cause and the disease burden indicators.  

(5)- All the oncologic medical conditions (Breast Cancer, Colorectal Cancer, Localized Prostate Cancer and Lung Cancer) data, were obtained from the 

International Agency for Research on Cancer and correspond to the estimated number of prevalent cases (1-year) in 2018 in Portugal, all cancers, both 

sexes, all ages. Regarding the Hip and Knee Osteoarthritis, the data source was the “EpiReumaPt Estudo Epidemiológico das Doenças Reunáticas em 

Portugal (2011-2013)” report - http://www.reumacensus.org/pdf/quadriptico_resultados_epireumapt.pdf . The remaining medical conditions data source was 

as follows: Cataracts: “Rede de Referenciação de Oftalmologia 2007” - http://www2.acss.min-saude.pt/Portals/0/Oftalmologia.pdf; Pregnancy&Childbirth: 

Institute for Health Metrics and Evaluation (IHME) GBD Data Visualizations. The search was refined to include only Portuguese data regarding the 

prevalence of maternal and neonatal disorders and is referred to the year 2016 (most recent available data); Coronary Artery Disease:  Institute for Health 

Metrics and Evaluation (IHME) GBD Data Visualizations. The search was refined to include only Portuguese data and is referred to the year 2016 (most 

recent available data); Low Back Pain: Irina Kislaya and Mariana Neto “Caracterização sociodemográfica da prevalência da dor lombar crónica 

autoreportada na população residente em Portugal através do Inquérito Nacional de Saúde 2014”; Macular Degeneration: “Programa Nacional para a 

Saúde da Visão – Revisão e Extensão 2010, DGS 2016”; Varicose Veins: RRH Angiologia e Cirurgia Vascular 2017 DGS - https://www.sns.gov.pt/wp-

content/uploads/2017/09/RRH-Angiologia-e-Cirurgia-Vascular-Aprovada-26-09-2017.pdf  

 

 

Table 7-8: Clinical indicators for each medical condition and CUF hospital 

Medical Condition CUF Hospital (1) 
Number of Clinical 

Complications 
(2) 

Number of 
Readmissions 

(2) 

Number of 
Different Surgical 

Procedures (2) 

Corresponding 
Clinical Service 

ICM 

Cataracts 

HCIS 11 0 

1 
 

Ophthalmology 

0.59 

HCP 4 0 0.58 

HCD 4 0 0.60 

https://www.dgs.pt/estatisticas-de-saude/estatisticas-de-saude/publicacoes/portugal-alimentacao-saudavel-em-numeros-2014.aspx
http://www.reumacensus.org/pdf/quadriptico_resultados_epireumapt.pdf
http://www2.acss.min-saude.pt/Portals/0/Oftalmologia.pdf
https://www.sns.gov.pt/wp-content/uploads/2017/09/RRH-Angiologia-e-Cirurgia-Vascular-Aprovada-26-09-2017.pdf
https://www.sns.gov.pt/wp-content/uploads/2017/09/RRH-Angiologia-e-Cirurgia-Vascular-Aprovada-26-09-2017.pdf
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HCTV 1 0 0.63 

HCS 1 0 0.59 

HCC 2 1 0.58 

HCV 1 0 0.61 

Breast Cancer 

HCIS 0 2 11 

Hematology – 
Oncology 

1.28 

HCP 4 0 7 0.95 

HCD 5 2 15 1.62 

HCS 0 2 7 1(1) 

HCC 0 0 2 1(1) 

HCV 0 0 3 1(1) 

Pregnancy and Childbirth 
HCP 0 0 5 

Gynaecology and 
Obstetris 

0.45 

HCD 3 6 5 0.48 

Colorectal Cancer 

HCIS 12 2 13 

Hematology – 
Oncology 

1.28 

HCP 3 3 20 0.95 

HCD 7 0 15 1.62 

HCTV 0 0 1 1(1) 

HCS 0 0 4 1(1) 

HCC 3 0 12 1(1) 

HCV 1 0 4 1(1) 

Coronary Artery Disease 

HCIS 25 5 20 

Cardiology 

1.46 

HCP 4 4 11 1.33 

HCD 7 6 8 0.00 

HCS 0 0 3 0.74 

HCC 0 2 2 0.86 

HCV 0 0 1 1.20 

HCIS 0 0 7 1.28 
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Localized Prostate 
Cancer 

HCP 1 4 6 

Hematology – 
Oncology 

0.95 

HCD 4 0 5 1.62 

HCTV 1 0 3 1(1) 

HCS 0 0 5 1(1) 

HCC 1 0 3 1(1) 

HCV 0 0 1 1(1) 

Low Back Pain 

HCIS 6 4 6 

Neurosurgery 

1.13 

HCP 0 0 8 1.13 

HCD 3 0 9 1.24 

HCTV 1 0 8 1.13 

HCS 0 0 6 0.91 

HCC 1 1 7 0.94 

HCV 0 0 6 1.25 

Lung Cancer 

HCIS 8 5 8 

Hematology – 
Oncology 

1.28 

HCP 1 7 5 0.95 

HCD 3 1 7 1.62 

HCS 0 0 3 1(1) 

HCC 0 0 3 1(1) 

HCV 0 0 1 1(1) 

Hip Osteoarthritis 

HCIS 14 2 10 

Orthopaedics 

0.96 

HCP 4 0 9 0.96 

HCD 12 0 10 0.95 

HCTV 7 1 8 1.02 

HCS 8 0 4 1.16 

HCC 15 1 6 1.13 

HCV 4 0 4 1.08 
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Knee Osteoarthritis 

HCIS 8 0 3 

Orthopaedics 

0.96 

HCP 2 0 3 0.96 

HCD 10 0 4 0.95 

HCTV 4 0 3 1.02 

HCS 3 0 2 1.16 

HCC 6 0 3 1.13 

HCV 1 0 1 1.08 

Macular Degeneration 

HCIS 0 3 4 

Ophthalmology 

0.59 

HCP 0 39 2 0.58 

HCD 0 11 4 0.60 

HCTV 0 2 2 0.63 

HCS 0 1 1 0.59 

HCC 0 6 3 0.58 

HCV 0 0 1 0.61 

Obesity 

HCIS 0 0 3 

General Surgery 

0.82 

HCP 0 0 5 0.76 

HCD 0 0 5 0.88 

HCS 0 0 1 0.59 

HCV 1 0 1 0.61 

Varicose Veins 

HCIS 0 0 8 

Vascular Surgery 

1.26 

HCP 0 1 10 1.24 

HCD 2 1 7 1.11 

HCTV 0 0 5 1.06 

HCS 0 0 5 0.83 

HCC 1 0 8 1.14 

HCV 0 2 5 0.73 
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(1) – Once these medical conditions are treated in an integrated and multidisciplinary way, it was not possible to know the ICM value, so it was assumed 

the neutral level of performance, i.e ICM=1. 

 

 Table 7-9: VBH strategies performances for each of the 10 criteria 
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CAT HCIS 880 0.17% 1.61% 11 0 0.59 1 Complete ≤60min ≤10forms 30380.50€ 

CAT HCP 1240 0.17% 1.61% 4 0 0.58 1 Complete ≤60min ≤10forms 31516.96€ 

CAT HCD 427 0.17% 1.61% 4 0 0.60 1 Complete ≤60min ≤10forms 29051.32€ 

CAT HCTV 305 0.17% 1.61% 1 0 0.63 1 Complete ≤60min ≤10forms 28599.42€ 

CAT HCS 298 0.17% 1.61% 1 0 0.59 1 Complete ≤60min ≤10forms 28592.78€ 

CAT HCC 355 0.17% 1.61% 2 1 0.58 1 Complete ≤60min ≤10forms 28644.16€ 

CAT HCV 223 0.17% 1.61% 1 0 0.61 1 Complete ≤60min ≤10forms 28321.79€ 

BC HCIS 73 1.36% 14% 0 2 1.28 11 Complete >60min ≤10forms 51274.57€ 

BC HCP 74 1.36% 
14% 

4 0 0.95 7 Complete >60min ≤10forms 51265.11€ 

BC HCD 135 1.36% 
14% 

5 2 1.62 15 Complete >60min ≤10forms 51459.49€ 
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BC HCS 16 1.36% 
14% 

0 2 1(1) 7 Complete >60min ≤10forms 51089.6€ 

BC HCC 11 1.36% 
14% 

0 0 1(1) 2 Complete >60min ≤10forms 51044.31€ 

BC HCV 6 1.36% 
14% 

0 0 1(1) 3 Complete >60min ≤10forms 51024.76€ 

Preg.Child HCP 901 0.64% 0.76% 0 0 0.45 5 Complete >60min >10forms 54435.21€ 

Preg.Child HCD 2354 0.64% 0.76% 3 6 0.48 5 Complete >60min >10forms 61364.58€ 

CC HCIS 114 2.39% 11.3% 12 2 1.28 13 Complete >60min >10forms 46123.97€ 

CC HCP 51 2.39% 
11.3% 

3 3 0.95 20 Complete >60min >10forms 45924.58€ 

CC HCD 57 2.39% 
11.3% 

7 0 1.62 15 Complete >60min >10forms 45942.27€ 

CC HCTV 1 2.39% 
11.3% 

0 0 1(1) 1 Complete >60min >10forms 45749.38€ 

CC HCS 5 2.39% 
11.3% 

0 0 1(1) 4 Complete >60min >10forms 45765.40€ 

CC HCC 19 2.39% 
11.3% 

3 0 1(1) 12 Complete >60min >10forms 45825.76€ 

CC HCV 7 2.39% 
11.3% 

1 0 1(1) 4 Complete >60min >10forms 45769.98€ 

CAD HCIS 427 6.52% 3.23% 25 5 1.46 20 Complete ≤60min ≤10forms 40628.68€ 

CAD HCP 292 6.52% 3.23% 4 4 1.33 11 Complete ≤60min ≤10forms 40170.54€ 

CAD HCD 74 6.52% 3.23% 7 6 0.00 8 Complete ≤60min ≤10forms 39452.37€ 



 A-24 

CAD HCS 9 6.52% 3.23% 0 0 0.74 3 Complete ≤60min ≤10forms 39236.09€ 

CAD HCC 33 6.52% 3.23% 0 2 0.86 2 Complete ≤60min ≤10forms 39336.79€ 

CAD HCV 9 6.52% 3.23% 0 0 1.20 1 Complete ≤60min ≤10forms 39242.96€ 

PC HCIS 74 0.99% 9.4% 0 0 1.28 7 Complete ≤60min ≤10forms 36247.51€ 

PC HCP 84 0.99% 
9.4% 

1 4 0.95 6 Complete ≤60min ≤10forms 36284.01€ 

PC HCD 53 0.99% 
9.4% 

4 0 1.62 5 Complete ≤60min ≤10forms 36190.68€ 

PCHCTV 20 0.99% 
9.4% 

1 0 1(1) 3 Complete ≤60min ≤10forms 36061.32€ 

PC HCS 25 0.99% 
9.4% 

0 0 1(1) 5 Complete ≤60min ≤10forms 36089.45€ 

PC HCC 4 0.99% 
9.4% 

1 0 1(1) 3 Complete ≤60min ≤10forms 35995.34€ 

PC HCV 5 0.99% 
9.4% 

0 0 1(1) 1 Complete ≤60min ≤10forms 36006.97€ 

LBP HCIS 332 5.41% 36.6% 6 4 1.13 6 Complete ≤60min ≤10forms 40213.48€ 

LBP HCP 122 5.41% 36.6% 0 0 1.13 8 Complete ≤60min ≤10forms 39478.08€ 

LBP HCD 104 5.41% 36.6% 3 0 1.24 9 Complete ≤60min ≤10forms 39433.49€ 

LBP HCTV 71 5.41% 36.6% 1 0 1.13 8 Complete ≤60min ≤10forms 39325.77€ 

LBP HCS 29 5.41% 36.6% 0 0 0.91 6 Complete ≤60min ≤10forms 39188.30€ 
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LBP HCC 52 5.41% 36.6% 1 1 0.94 7 Complete ≤60min ≤10forms 39244.06€ 

LBP HCV 22 5.41% 36.6% 0 0 1.25 6 Complete ≤60min ≤10forms 39146.44€ 

LC HCIS 56 2.85% 8.2% 8 5 1.28 8 Complete >60min ≤10forms 39446.29€ 

LC HCP 45 2.85% 
8.2% 

1 7 0.95 5 Complete >60min ≤10forms 39273.58€ 

LCHCD 47 2.85% 
8.2% 

3 1 1.62 7 Complete >60min ≤10forms 39286.89€ 

LC HCS 4 2.85% 
8.2% 

0 0 1(1) 3 Complete >60min ≤10forms 39271.82€ 

LC HCC 1 2.85% 
8.2% 

0 0 1(1) 3 Complete >60min ≤10forms 39256.94€ 

LC HCV 2 2.85% 
8.2% 

0 0 1(1) 1 Complete >60min ≤10forms 39265.71€ 

HO HCIS 148 1.08% 2.9% 14 2 0.96 10 Complete ≤60min ≤10forms 31477.54€ 

HO HCP 56 1.08% 2.9% 4 0 0.96 9 Complete ≤60min ≤10forms 31117.42€ 

HO HCD 130 1.08% 2.9% 12 0 0.95 10 Complete ≤60min ≤10forms 31415.70€ 

HO HCTV 66 1.08% 2.9% 7 1 1.02 8 Complete ≤60min ≤10forms 31180.78€ 

HO HCS 117 1.08% 2.9% 8 0 1.16 4 Complete ≤60min ≤10forms 31627.31€ 

HO HCC 71 1.08% 2.9% 15 1 1.13 6 Complete ≤60min ≤10forms 31200.36€ 

HO HCV 36 1.08% 2.9% 4 0 1.08 4 Complete ≤60min ≤10forms 31061.61€ 
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KO HCIS 96 1.08% 12.4% 8 0 0.96 3 Complete ≤60min ≤10forms 31286.66€ 

KO HCP 63 1.08% 12.4% 2 0 0.96 3 Complete ≤60min ≤10forms 31149.59€ 

KO HCD 156 1.08% 12.4% 10 0 0.95 4 Complete ≤60min ≤10forms 31600.64€ 

KO HCTV 55 1.08% 12.4% 4 0 1.02 3 Complete ≤60min ≤10forms 31142.61€ 

KO HCS 138 1.08% 12.4% 3 0 1.16 2 Complete ≤60min ≤10forms 31501.34€ 

KO HCC 80 1.08% 12.4% 6 0 1.13 3 Complete ≤60min ≤10forms 31212.23€ 

KO HCV 31 1.08% 12.4% 1 0 1.08 1 Complete ≤60min ≤10forms 31046.49€ 

MD HCIS 42 0.04% 12.5% 0 3 0.59 4 Complete ≤60min ≤10forms 27817.89€ 

MD HCP 117 0.04% 12.5% 0 39 0.58 2 Complete ≤60min ≤10forms 28067.83€ 

MD HCD 72 0.04% 12.5% 0 11 0.60 4 Complete ≤60min ≤10forms 27951.69€ 

MD HCTV 11 0.04% 12.5% 0 2 0.63 2 Complete ≤60min ≤10forms 27715.20€ 

MD HCS 4 0.04% 12.5% 0 1 0.59 1 Complete ≤60min ≤10forms 27692.59€ 

MD HCC 35 0.04% 12.5% 0 6 0.58 3 Complete ≤60min ≤10forms 27798.95€ 

MD HCV 16 0.04% 12.5% 0 0 0.61 1 Complete ≤60min ≤10forms 27749.96€ 

Ob HCIS 18 11.5% 57% 0 0 0.82 3 Unavailable ≤60min ≤10forms 29504.38€ 
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Ob HCP 6 11.5% 57% 0 0 0.76 5 Unavailable ≤60min ≤10forms 29450.60€ 

Ob HCD 12 11.5% 57% 0 0 0.88 5 Unavailable ≤60min ≤10forms 29474.63€ 

Ob HCS 1 11.5% 57% 0 0 0.59 1 Unavailable ≤60min ≤10forms 29423.90€ 

Ob HCV 1 11.5% 57% 1 0 0.61 1 Unavailable ≤60min ≤10forms 29423.90€ 

VV HCIS 270 1.69% 35% 0 0 1.26 8 Unavailable ≤60min ≤10forms 29281.59€ 

VV HCP 369 1.69% 35% 0 1 1.24 10 Unavailable ≤60min ≤10forms 29607.52€ 

VV HCD 285 1.69% 35% 2 1 1.11 7 Unavailable ≤60min ≤10forms 29337.91€ 

VV HCTV 120 1.69% 35% 0 0 1.06 5 Unavailable ≤60min ≤10forms 28820.82€ 

VV HCS 57 1.69% 35% 0 0 0.83 5 Unavailable ≤60min ≤10forms 28523.39€ 

VV HCC 158 1.69% 35% 1 0 1.14 8 Unavailable ≤60min ≤10forms 28886.65€ 

VV HCV 105 1.69% 35% 0 2 0.73 5 Unavailable ≤60min ≤10forms 28705.04€ 

(1)- Once these medical conditions are treated in an integrated and multidisciplinary way, it was not possible to know the ICM value, so it was assumed the 

neutral level of performance, i.e ICM=1. 
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Medical Condition 

ICHOM 

Standard 

Set 

Number 

of  

Different 

PROM 

Forms (1) 

PROM 

Forms ID (1) 

Number of 

PROM Forms 

Administration 

Moments 

Within a 1-

year Period (1) 

Number of 

PROMs 

Forms per 

Medical 

Condition 

in 1 year  

Number of 

Questions 

per PROM 

Form (2) 

Time 

Consumed 

to Fill the 

PROM 

Form [min] 

(3) 

Total Time 

Consumed 

per PROM 

Form 

Considering 

all 

administration 

moments 

[min] (4) 

Total Time 

Consumed 

per 

Medical 

Condition 

[min] (5) 

Cataracts Available 1 
Catquest-

9SF 2011 
2 2 9 8 min 16 min 16 min 

Breast Cancer Available 5 

EORTC 

QLQ-C30 
3 

14 

30 18 min 54 min 

143 min or 

151 min or 

163 min (6) 

EORTC 

QLQ-BR23 
3 23 15 min 45 min 

EORTC 

QLQ-LMC21 
3 1 4 min 12 min 

BREAST-Q 2 
8 or 15 or 

28 (6) 

7 min or 11 

min or 17 

min (6) 

14 min or 22 

min or 34 min 

(6) 

FACT-ES 3 6 6 min 18 min 

Pregnancy & Childbrith Available 7 

PROMIS-10 3 

17 

10 8 min 24 min 

135 min 
ICIQ-SF  3 8 7 min 21 min 

PROMIS 

SFFAC102 
2 1 4 min 8 min 
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BSES-SF 3 14 10 min 30 min 

MIBs 2 8 7 min 14 min 

PHQ-2 3 2 4 min 12 min 

BSS-R 1 10 8 min 8 min 

Colorectal Cancer Available 4 

EORTC 

QLQ-C30 
3 

12 

30 18 min 54 min 

180 min 

EORTC 

QLQ-CR29 
3 59 33 min 99 min 

EORTC 

QLQ-LMC21 
3 1 4 min 12 min 

MSKCC 3 4 5 min 15 min 

Coronary Artery 

Disease 
Available 3 

SAQ-7 3 

9 

7 7 min 21 min 

48 min Rose 3 4 5 min 15 min 

PHQ-2 3 2 4 min 12 min 

Localized Prostate 

Cancer 
Available 2 

EPIC-26 3 

6 

16 11 min 33 min 

45 min EORTC 

QLQ-PR25 
3 1 4 min 12 min 

Low Back Pain Available 3 

ODI 3 

9 

10 8 min 24 min 

54 min NPRS 3 2 4 min 12 min 

EQ-5D-3L 3 6 6 min 18 min 

Lung Cancer Available 2 
EORTC 

QLQ-C30 
4 9 30 18 min 72 min 

182 min or 

183 min or 
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EORTC 

QLQ-C30 

and EORTC 

QLQ-LC13 

4 43 to 45 (7) 
25 min or 

26 min (7) 

100 min or 

104 min (7) 

186 min or 

187 min   

EORTC 

QLQ-LC13 
1 13 to 15 (7) 

10 min or 

11 min (7) 

10 min or 11 

min 

Hip Osteoarthritis Available 2 
HOOS-PS 2 

4 
5 6 min 12 min 

30 min 
SF-12 2 12 9 min 18 min 

Knee Osteoarthritis Available 2 
KOOS-PS 2 

4 
7 7 min 14 min 

32 min  
SF-12 2 12 9 min 18 min 

Macular Degeneration Available 1 B-IVI 2 2 15 11 min 22 min 22 min 

Obesity Unavailable 3 

BDI-II 1 

3 

21 5 min 5 min 

53 min TFEQ 1 51 30 min 30 min 

SF-36 1 36 18 min 18 min 

Varicose Veins Unavailable 3 
AVVQ 1 

2 
13 10 min 10 min 

14 min 
EQ-5D-Y 1 5 4 min 4 min 

Table 7-10: PROMs required for each medical condition  

 

(1) – The data source was the ICHOM standard sets for each medical condition under analysis and it is available in www.ichom.org. 

(2) – The data source was the official web site of each PROM Form.  

(3) – All data was provided by the evaluators involved in the MCDA building model and correspond to estimates.  

(4) – All data was calculated as follows: Time consumed to fill a PROM form × Number of PROM Form administration moments.  

(5) – All data correspond to the sum of total time consumed per PROM form considering all administration moments of all PROM forms of each medical 

condition.  

http://www.ichom.org/
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(6) – Regarding the therapeutic approach, the PROM form BREAST-Q can include MAST and REC 28Q forms if a mastectomy and a breast reconstruction 

occurs or can include only the MAST 8Q if the patient is subjected only to the mastectomy without a breast reconstruction or can include the BCT 15 

form if other breast cancer treatment occurs.  

(7) – The number of questions of EORTC QLQ-LC13 form can vary between 13 and 15 considering the therapeutic approach.  

 

 

 

Figure 7-3: Time consumed in 1 year per JMS client, per medical condition 
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A. Appendix – Value Functions  

 

 

             Figure 7-4: Value Function of “Case-by-case” criterion                                               Figure 7-5: Value Function of “Burden of Medical Condition” criterion 
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Figure 7-6: Value Function of “National Prevalence of Medical Condition” criterion                                  Figure 7-7: Value Function of “Clinical Complications” criterion 
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Figure 7-8: Value Function of “Clinical Complexity” criterion                                                                             Figure 7-9: Value Function of “Readmissions” criterion 
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Figure 7-10: Value Function of “ICHOM Standard Set Availability” criterion  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

                                                                                                                                                          Figure 7-11: Value Function of “Heterogeneity of Surgical Procedures” criterion  
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                                                                                        Figure 7-12: Value Function of “Burden of PROM Instrument” criterion  

 

 

  

 

 

 

 

 

 

 

 

 

 

 

Figure 7-13: Value Function of “Implementation and Monitorization Costs” criterion 


