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1
INTRODUCTION

As in many countries, healthcare costs in the Netherlands have increased over the 
last few decades. [1,2] Several studies have indicated a considerable increase of costs 
in the next few decades due to many factors. These factors include the introduction 
of new treatment options, the increasing prevalence of chronic diseases and higher 
life expectancy. At the same time, differences in quality in healthcare are observed, 
leading to differences in clinical outcomes. [3-10] Increased healthcare costs may 
result in the repression of other government expenditures, the exceeding of public 
debt and an increase in taxes and premiums. [11,12] Consequently, the community is 
in need for high quality, reduction in healthcare costs and transparency regarding 
healthcare quality. It is expected that following the strategy of continuing the current 
leading principles in healthcare, e.g. cost control, budgeting and volume incentives, 
will not be sufficient to shift the curve of costs in healthcare and decrease the variety 
in quality in healthcare by improving outcomes. 

Value-based Healthcare (VBHC) was introduced by Porter and Teisberg in 2006 as a 
strategy to improve healthcare systems by improving outcomes and reducing costs. 
[13] Patient value is defined as the achieved health outcomes divided by costs of care 
delivery. [14] Worldwide, VBHC is seen as a promising strategy to solve the crisis in 
healthcare. Improving the performance and accountability in healthcare depends on 
having a shared goal that unites the interests and activities of all stakeholders. [15] In 
VBHC, achieving high value for patients becomes the overarching goal in healthcare 
delivery, as this goal is what matters most to patients and unites the interests of all 
actors in the healthcare system. [15]

THEORETICAL VALUE-BASED HEALTHCARE 
FRAMEWORK 

While healthcare organizations have never been against improving outcomes, their 
central focus has been on growing volumes and maintaining margins. [15] Embracing 
the goal of value at the senior management and board levels is essential, because the 
value agenda requires a fundamental departure from the past. [16] When planning to 
shift towards a value-driven system, senior management of healthcare organizations 
should define the mission, vision and strategy of the organization. [17]
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In specific perspective of VBHC, it is advised that senior management ask themselves 
six specific and elementary questions, when defining the strategic course of the 
organization: [17]

1.	 What is our fundamental goal?
2.	 What business are we in?
3.	 What scope of businesses should we compete in?
4.	 How will we be different in each business?
5.	 What synergies can we create across business units and sites?
6.	 What should be our geographic density and scope? [17] 

Answering these questions will help organizations to define a strategy, amongst 
others by making choices that are necessary to distinguish an organization in 
meeting customers’ needs. [17] In VBHC, customers are defined as a patient group 
with the same medical condition. After defining this patient group and answering the 
six questions, the VBHC implementation strategy should be designed with help of six 
important strategic domains (Figure 1), that are mutually reinforcing [16]: 

FIGURE 1. The six domains needed to design value-based healthcare implementation strategy 
[16]
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1
1.	 Organize into Integrated Practice Units (IPUs)

In an IPU, the organization is structured around the need of the customer, patient 
groups with the same medical condition. A shift is made from today’s siloed 
organizations towards departments including all specialisms that are needed to 
organize healthcare delivery for the patients’ medical condition. 

2.	 Measure Outcomes and Costs for Every Patient
Outcomes, the numerator of the value equation, are specific per medical 
condition and multidimensional, as no single outcome captures the results of 
healthcare. [15] As outcomes are the results of the full cycle of care, it is important 
to have clear insight in the full care delivery value chain (Figure 2). [18] 

FIGURE 2. Integrating access the cycle of care [18]
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Process and structure measures can be helpful in measuring preconditions for 
outcomes (Figure 3). [19] 

In the end, the outcomes that matter most to patients are the main goal. The 
outcome measure hierarchy helps to understand the relation between the 
different outcomes by weighing their relative importance to patients. 

FIGURE 3. Measuring outcomes and costs for every patient [19]

FIGURE 4. Hierarchy of outcome measures [15]
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1
This is achieved with help of three tiers: Health Status Achieved or Retained, 
Process of Recovery, and Sustainability of Health (Figure 4). Ultimately, this 
hierarchy can be used to prioritize the outcomes. [15] 

Outcome measures that matter most to patients should be selected carefully, 
with involvement of patients. For quality monitoring and improvement, it is 
advised to use a limited set of outcome measures covering all tiers of the 
outcome measure hierarchy.

Costs, the denominator, should reflect the total costs of the full cycle of care 
for the patients’ medical condition, including all involved healthcare providers. 
In VBHC, it is believed that measuring these costs over the entire cycle of care 
and weighing them against the outcomes will enable truly structural outcome 
improvement and cost reduction.  This is achieved by re-allocation among 
services, elimination of non-value-adding services, better use of capacity and 
shortening the cycle time. [15] Costs should be measured on a detailed level 
with use of Time Driven Activity Based Costing. [18]

3.	 Move to Bundled Payments for Care Cycles
The bundled payment approach, which is best aligned with value when covering 
the full cycle of care, is believed to directly encourage teamwork and high-
value care. [16] The bundle includes all healthcare activities that are relevant 
in the care delivery value chain. Also incentives for outcomes can be added 
to the payment system. Providers can benefit from improving efficiency while 
maintaining or improving outcomes. 

4.	 Integrate Care Delivery Systems
Healthcare for many medical conditions is delivered by multiple directly 
involved healthcare providers. Patient outcomes depend on and might be 
improved by optimal coordination and system integration in this network of 
healthcare providers. To achieve true system integration, healthcare providers 
should face four challenges: defining the scope of services, concentrating high 
volume services in fewer locations, select the right location for each service and 
integrate care for patients across locations. [16]

5.	 Expand Geographic Reach
When delivering high patient value, superior providers for particular medical 
conditions should expand their geographic reach, remaining focused on value 
not on volume. In general, two principle forms are available. The hub-and-spoke 
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model is based on satellite facilities that are established and, at least partially, 
staffed by the parent organization. In the clinical affiliation model, IPU’s partner 
with other providers using their facilities rather than adding capacity. [16]

6.	 Build an Enabling  IT  Platform
Information Technology (IT) systems often complicate multidisciplinary and 
network care. An IT platform that can enable value-driven health delivery should 
be centered on patients, use common data definitions and encompass all type 
of patient data (e.g. notes, lab tests, images). Also it should be accessible for 
all healthcare providers involved and include templates and expert systems for 
medical conditions. Finally, it should easily enable information extraction. [16]

Measuring outcomes
Given these key elements in the VBHC strategy, it is recommended to start with 
measuring outcomes for the following five reasons: [20] 1. Outcomes define the goal 
of the organization and set direction for its differentiation; 2. Outcomes inform the 
composition of integrated care teams, as outcomes can bridge the disciplinary divide 
in healthcare by creating a shared goal for multidisciplinary teams; 3. Outcomes 
motivate physicians to compare their performance and learn from each other; 4. 
Outcomes highlight value-enhancing cost reduction, because insights in outcomes 
also enable physicians to evaluate the added value of prescribed medicine, applied 
therapies and other investments in daily healthcare delivery; 5. Outcomes enable 
payments to shift from volume to results. [20]

Physician-driven program
Although it is essential that senior management of healthcare providers defines 
and designs the VBHC strategy for its organization, VBHC should be implemented 
as a physician-driven change program. Physicians are the key in organizing and 
optimizing patient pathways and collaborate with other providers in daily healthcare 
delivery. In addition, they have the knowledge to define outcome measures, interpret 
outcomes measured and define hypotheses how to improve outcomes by improving 
the process of healthcare delivery. [21-23]
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1
EXAMPLES OF THE IMPLEMENTATION OF VBHC

The VBHC strategy is partly based on key elements of best practice organizations. For 
instance: Porter described Virginia Mason’s Spine Clinic as an IPU example [16], Martini 
Clinic is a leading example for outcome measurement and improvement routine [24], 
University of California Los Angeles’ (UCLA) kidney transplant program is a bundled 
payment example and the Children’s Hospital of Philadelphia is renowned for the 
integration of their network. [16] So, all over the world, VBHC initiatives are initiated by 
healthcare providers to shift towards a value-driven system. Most providers focus on 
measuring and improving outcomes or introducing bundled payment models. [3-9] 
The International Consortium for Health Outcomes Measurement (ICHOM)  initiative 
stimulates this shift by defining standard sets of outcomes for the most common 
diseases and creating an international benchmarking and learning community. [25] 
Although VBHC has been created mainly by the healthcare organization in the United 
States [16], many of the defined problems that need to be solved in order to improve 
patient value still exist in the Netherlands. 

In the beginning of this decade, quality management in Dutch healthcare was focused 
on process and structure measures, rather than outcomes. [26] Integrated Practice 
Units (IPU’s) were not well-developed for most of the diseases (medical conditions). 
Hospital payment systems are based on diagnosis – treatment combinations (DOT’s). 
Although DOT’s are defined as a short bundle, volume is still being rewarded. The  
connection to quality as well as its in-hospital payment needs to be defined. Network 
integration could benefit from the improvement as most organizations primarily 
focus on the element of the patients’ total value chain they provide. Therefore, 
the implementation of VBHC principles can be valuable and useful for the Dutch 
healthcare system. 

Over the last 5 years, a shift towards a more value-driven healthcare system has 
been initiated in the Netherlands. Several organizations and initiatives, such 
as  ParkinsonNet, Diabeter and Santeon, have contributed to this development. 
Nowadays, the Ministry of Healthcare has embraced VBHC as a leading principle in 
their policy for the next years. [27]
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CARDIOVASCULAR DISEASES IN THE 
NETHERLANDS

Cardiovascular disease is the most common cause of death in the whole world. [28]  
In the Netherlands, cardiovascular disease is the second most frequent cause of 
death (27%). [29] Management of cardiovascular diseases in the Netherlands requires 
the most financial investments in Dutch healthcare. Coronary heart disease is one 
of the most prevalent chronic diseases [30], often correlated with poorer quality of 
life. [31] Other chronic high prevalent cardiovascular diseases like heart failure, atrial 
fibrillation and aortic valve disease are renowned for their impact on survival and 
quality of life as well as on healthcare costs. Therefore, the domain of cardiovascular 
diseases is an interesting field to implement VBHC principles and evaluate the impact 
of this promising theory.
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1
IMPLEMENTATION OF VBHC PRINCIPLES IN DUTCH 
CARDIAC CARE

In the beginning of this decade, the first physician-driven efforts in Dutch healthcare 
to move towards a more value-driven cardiovascular healthcare system were started 
in cardiac care. These initiatives have focused on measuring outcomes that matter 
most to patients and quality improvement.

The “Meetbaar Beter” initiative 
In 2011, the heart centers of the Catharina Hospital in Eindhoven and the St. Antonius 
Hospital in Nieuwegein, two leading Dutch heart centers, initiated a national, 
transparent outcome benchmarking initiative, called ‘Meetbaar Beter’. Outcome 
measures that matter most to patients were selected using a solid methodology 
based on the VBHC theory. This involved all high-volume cardiac medical conditions, 
e.g. coronary artery disease, aortic valve disease, atrial fibrillation and mitral valve 
disease. [7] In addition, the most important patient initial conditions were selected to 
be able to study subgroups of patients and apply risk correction in the analysis. The 
selection was validated by independent international experts per medical condition. 
The Dutch patient organization was involved to ensure patients perspective. 
Health insurance companies, the Dutch healthcare inspection, the Dutch ministry of 
healthcare and other regulators were informed and asked for advice on the process 
level. Outcomes of the participating hospitals, including mortality, complications, re-
interventions and quality of life, were published transparently, as public reporting is 
known to contribute to better outcomes. [32, 33] This initiative expanded as many 
hospitals started to join the effort to improve transparency and quality in Dutch 
cardiac care. In 2017, 14 out of 16 Dutch cardiac centers and 7 centers performing 
Percutaneous Coronary Interventions (PCI) without local back up were joining the 
program. The participating hospitals yearly published their outcomes. Consequently, 
several improvement initiatives within hospitals were observed. In 2014, the first roll 
out project of possible best practice, namely the Isala Safety Check was initiated; this 
was selected because of significant lower mortality in Isala. 

In 2017, Meetbaar Beter was merged with the Netherlands Cardiovascular Data 
Registry and the “Begeleidingscommissie Hartinterventies Nederland” into the 
Netherlands Heart Registration (NHR). The NHR is an integrated cardiology and 
cardiac surgery registration, which enables the monitoring of outcomes on the level 
of a medical condition in addition to the level of a specific treatment. This is relatively 
unique in an international perspective. The nationwide registration organization with 
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all participating Dutch hospitals, is supported by the Dutch society of cardiologists 
(NVVC) and the Dutch society of cardiothoracic surgeons (NVT). The cardiac 
anesthesiologists participate in the registry via their own cardiac center. The NHR 
is expected to be able to contribute to quality assurance and improvement in Dutch 
cardiac care through creating insights in outcomes that matter most to patients 
and facilitating the sharing of good or best practices. Also, the central database is 
expected to be able to reduce workload of registration. Within the NHR, a specific 
VBHC program is organized to continue the innovative and physician-driven 
philosophy of “Meetbaar Beter”. 

The Catharina Heart Center
In parallel, the heart centers of the founding fathers of Meetbaar Beter, the St. 
Antonius Hospital and Catharina Hospital, started to implement the VBHC strategy in 
a broader perspective. The St. Antonius Hospital started to adopt the VBHC strategy 
organization wide and implemented VBHC principles in several projects in the years 
following. Amongst others, the St. Antonius Hospital embedded patient-relevant 
outcomes in the yearly quality meetings between the executive board and the 
physician teams, implemented outcome-based incentives in the payment structure 
for physicians and started a VBHC research program containing 10 researchers in 
2019. In 2018, the St. Antonius Hospital started to publish outcomes on its website 
to inform patients starting with cerebrovascular accidents (CVA), cancer bladder 
and obesity. Both the Catharina Hospital and the St Antonius Hospital are members 
of the Santeon group, which became a partner of ICHOM and contributed to the 
implementation of VBHC on a national and international level for several medical 
conditions in oncology. At the core of the Santeon program are the multidisciplinary, 
multicenter teams that are building a shared quality improvement cycle based on 
outcomes, costs and process measures. [34]

The Catharina Heart Center (CHC) started the implementation of the VBHC strategy 
in 2012 by creating an integrated practice unit (IPU). The outcomes selected in 
“Meetbaar Beter” were used for quality monitoring and improvement. In addition 
to the yearly transparent benchmark, CHC implemented dashboards to monitor its 
own outcomes over time. A quality committee was introduced to monitor outcomes 
in a multidisciplinary setting. Several improvement initiatives were organized, 
contributing to improved survival rates, fewer complications and less re-intervention 
for different patient populations in cardiac surgery, interventional cardiology and 
electrophysiology.  Subsequently, more domains of the VBHC strategy were covered 
by the implementation of new collaboration models; for instance with referral 
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1
cardiologists in St. Jan Gasthuis (SJG) Weert. Also in the Netherlands Heart Network, 
a joint network initiative of general practitioner organizations “De Ondernemende 
Huisarts (DOH)”, “Stichting Gezondheidscentra Eindhoven (SGE)” and “Praktijk 
Ondersteuning Zuid Oost Brabant (POZOB)” and cardiologists from Elkerliek 
Hospital, Maxima Medical Center (MMC) and St Anna Hospital healthcare providers 
in the region were connected aiming to improve patient value. The introduction of 
the Netherlands first bundled payment model was organized in collaboration with CZ 
health Insurance company. The CHC, together with nine other hospitals, also joined 
the bundled payment project organized by the Netherlands Heart Registration and 
Menzis health insurance company. Finally, a model to measure both outcomes and 
costs including risk correction was developed and implemented. 

AIM OF THE DISSERTATION

The aims of this dissertation are to describe the development of a transparent national 
outcome-based learning community, to illustrate the introduction of different VBHC-
strategies in a hospital setting and to present the results of improvement actions 
implemented in a Dutch heart center.

Research questions
Given societal urgency and the increase of data availability in healthcare:

1.	 How can VBHC be implemented in a physician-driven way in cardiovascular 
care:
a.	 In a network with a focus on outcomes and quality improvement?
b.	 In a heart center and its network?

2.	 How can the VBHC strategy be embedded in health management models 
enabling the implementation of VBHC beyond measuring and improving 
outcomes?

OUTLINE OF THIS DISSERTATION

In part I of this dissertation, the results and lessons learned of the “Meetbaar Beter” 
initiative are presented. An overview of the “Meetbaar Beter” project is presented in 
chapter 2. Outcomes that matter most to patients were selected with the use of a solid 
methodology, based on the key elements of the VBHC theory. This methodology is 
presented in chapter 3. Furthermore, chapter 3 contains the first results of the national 

d.vanveghel-layout.indd   21 18/06/2019   23:11



22

Chapter 1

benchmarking initiative. The results of the 19 centers joining the program in 2016, for 
the treatment of coronary artery disease (CAD) are presented in chapter 4, including 
the progress that has been achieved in the data quality management system. Chapter 
5 presents an example, in patients with aortic valve disease, of how data collection 
and analysis on a national level can create insights in the evolution of outcomes 
that matter most to patients over time. Creating insights in outcomes has led to an 
increased level of transparency and to several outcome improvement projects within 
and amongst hospitals. Also, the first years of experience in the implementation of 
VBHC in a national community have led to insights in the key elements that need to 
be developed for VBHC to reach its maximum potential. The lessons learned from 
the national initiative are presented in chapter 6. Finally, in chapter 7, the current state 
of the organization of outcome-based improvement cycles in several Dutch heart 
centers is analyzed and discussed.

In Part II, we explore the possible VBHC models and prerequisites for implementation 
in the Catharina Heart Center and its network. The first outcome-based purchasing 
contract in the Netherlands was introduced and is presented in chapter 8. Examples 
of integrating care delivery across separate facilities between hospitals and in a 
network including hospitals and general practitioners are presented in chapters 9 
and 10. In chapter 11, we present a model to measure both outcomes and costs in 
a risk-adjusted and physician-relevant manner. This model leads to a quantification 
of patient value and could enable risk-adjusted benchmarking on patient value, 
outcomes and costs. 

In Part III, chapter 12 provides an overview of the results, also in terms of improved 
outcomes, and lessons learned in the physician-driven VBHC implementation journey 
in the Catharina Heart Center. A perspective on changes that are needed in health 
management and financial models in healthcare in order to reach the maximum 
impact of VBHC is also addressed. An example of an improvement project related 
to re-explorations after open heart surgery, as a result of national benchmarking and 
learning from best practices, is presented in chapter 13.

Finally, in chapter 14, the main findings of the current dissertation are summarized 
and discussed. Future perspectives are outlined and conclusions are given.
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INTRODUCTION

Meetbaar Beter (En: Measurably Better) is a doctor-driven and patient-focused 
initiative with strong scientific roots that aims to improve the transparency and quality 
of cardiovascular care in the Netherlands. 

Meetbaar Beter has become an international best practice in the implementation of 
value-based healthcare (VBHC). The project started as an initiative of two hospitals, 
and by now 19 heart centres participate, covering over 85 percent of complex heart 
care in the Netherlands. In 2016, outcomes that matter most to patients have been 
published for over 150,000 patients, including the treatment of high prevalence 
medical conditions like coronary artery disease, aortic valve disease, atrial fibrillation 
and mitral valve disease. Limited sets of outcome measures per medical condition, 
selected by doctors (cardiologists and cardiothoracic surgeons) and validated by 
international experts, form the basis for the open learning and development culture 
of Meetbaar Beter. Doctors gain insight in outcomes and use this information to 
cooperate and continuously improve the quality of care for heart patients. [1] In this 
article we share the approach that has led to the success of Meetbaar Beter.

THE GOAL OF MEETBAAR BETER

Meetbaar Beter’s aim is to facilitate quality improvement for patients with heart 
diseases in the Netherlands. Its focus is on health outcomes that matter most to 
patients. The hypothesis, based on Porter’s VBHC [2], is that improvement of outcomes 
will lead to a reduction of costs. Measuring costs will be included in Meetbaar Beter, 
in a later phase. Transparency of outcomes is an intermediate but important goal as 
it helps build high levels of trust between heart centers and stakeholders such as 
patient organizations, health insurance companies and government organizations. 
Transparency is considered a sine qua non in being able to identify best practices. 
Study results support the importance of transparency and its strong relation with 
quality. [3]

LEADING PRINCIPLES

Meetbaar Beter has a few leading principles. Firstly, it is doctor-driven. Doctors and 
their teams regularly create changes in healthcare. In Meetbaar Beter, the board 
of directors, advisory board and outcome team typically consist of doctors making 
lead decisions. Strong connections have also been built with the Dutch societies 
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of cardiologists and cardiothoracic surgeons. Secondly, Meetbaar Beter is patient-
centered. The organization and improvement work is structured around medical 
conditions. Outcomes are measured for medical conditions both independent and 
dependent of the chosen treatment. The selection of outcome measures is validated 
by large patient groups and outcomes are published in a comprehensible manner 
for patients. For instance, infographics have been developed (Figure 1). Thirdly, 
transparency is a leading principle. In Meetbaar Beter, strict data quality and data 
completeness criteria are used. When the data quality of a hospital fulfils the minimum 
quality criteria, data is published independent of the results. This has proven to be a 
strong stimulation for heart centers in improving the quality of data. Already in the very 
early stage of Meetbaar Beter, the publication of data led to hypotheses for quality 
improvement. Lessons have been learned quickly by heart centers in organizing 
outcomes-based quality improvements. Finally, Meetbaar Beter focuses on outcome 
measures. Outcome measures are considered leading with respect to process and 
structure measures. Outcomes are influenced by the initial conditions of patients 
and the quality of care delivery. For an insight in quality of care, in several analyses, 
outcomes are corrected for the initial conditions of patients. A limited number of 
process and structure measures can be included to facilitate learning. For example, 
to evaluate the success rate of techniques.

wondinfectie

gemiddeld blijven 
99 van de 100 
patiënten vrij van 
een wondinfectie na 
een bypassoperatie.

gemiddeld hebben 
96 van de 100 
patiënten geen her-
operatie nodig na een 
bypassoperatie.

120 dagen na een 
bypassoperatie zijn 
gemiddeld 98 van 
de 100 patiënten 
nog in leven.

overleving
na 120 dagen

overleving
na 1 jaar

heroperatie
binnen 1 jaar

1 jaar na een 
bypassoperatie zijn 
gemiddeld 97 van 
de 100 patiënten 
nog in leven.

FIGURE 1. Infographic example of a comprehensible outcome publication for patients. The 
figure includes a 120-day and 1-year survival rate, reoperations and deep sternal wound 
infections in patients with coronary artery disease (CAD) treated with a Coronary Artery Bypass 
Graft (CABG).
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SOLID METHODOLOGY

The VBHC theory has been implemented within the Meetbaar Beter practice. This 
is one of Meetbaar Beter’s cornerstones of success and it is seen as guidance for 
other initiatives.

Key factors Include:

•	 Outcomes Teams. Outcomes teams are formed to select, define, and perform 
maintenance on the most relevant outcome measures and initial conditions. 
Outcomes teams are multidisciplinary and are organized around one medical 
condition. They include both cardiologists and cardiothoracic surgeons from 
participating heart centers.

•	 Care Delivery Value Chain. The Care Delivery Value Chain (CDVC) is one of 
the main elements of Porter’s VBHC theory. [4] The CDVC is described by the 
outcome team and is used to define the medical condition, inclusion/exclusion 
criteria and any potentially relevant outcome measures.

•	 Selection Criteria and Outcomes Hierarchy. After defining the medical condition 
and CDVC, a list is created of all the available outcome measures using scientific 
and grey literature, the best practices, guidelines and so on. Subsequently, a 
small, feasible subset of the most relevant outcome measures is made by 
categorizing them according to the Tiers of Porter’s Outcomes Hierarchy. [2] 
Outcomes within each Tier are then selected and ranked based on the following 
criteria:

1.	 Patient Relevance. What is the impact of this outcome on the patient’s 
quality of life? Large patient groups are involved to assess this criterion.

2.	 Medical Relevance. To what extent is it possible for healthcare professionals 
to positively influence the outcomes?

3.	 Patient Volume. How many patients is the outcome relevant to? How often 
does a negative outcome occur?

•	 Validation. Validation is organized at several levels. Validation is a continuous 
process that ensures the independence and quality of Meetbaar Beter.
Internal Validation: Medical and statistical experts engage in total quality 
management and medical decision-making.
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External Validation: An international academic advisory council (IAAC) is 
organized which consists of independent internationally renowned experts. The 
IAAC consists of three dimensions:

-	 Methodology council - five experts in VBHC, change management and 
quality improvement.

-	 Medical council - over 25 renowned medical experts.
-	 Data management & statistics council - two internationally renowned 

experts.

External Validation: A sounding board is organized to ensure the involvement 
of health insurance companies, patient organizations and government 
organizations. Discussions in this sounding board have shown to be helpful in 
creating an alignment in strategic goals and ensuring a correct interpretation of 
published data.

•	 Data Quality System. All participating heart centers are responsible for the 
completeness and quality of their own data. The Meetbaar Beter organization is 
responsible for data quality control and for reporting feedback to heart centers. 
Meetbaar Beter has developed a data quality control system that includes 
quality control formats, audits performed by medical experts and compliance 
statements that must be signed by medical leadership at the heart centers.

•	 Maintenance Cycle. After the annual publication of outcomes, the selected 
outcome measures and initial conditions are evaluated at several levels. Subject 
to evaluation are the standard sets of outcome measures, the definitions, data 
analysis methods and so on. Meetings are organized, questionnaires are sent 
to medical experts and data managers from participating heart centers and all 
comments are discussed by the outcome teams. Any adjustments made in the 
maintenance cycle are regularly checked against all elements of the Meetbaar 
Beter methodology, such as the selection criteria described above.

Publication of Outcomes
Meetbaar Beter publishes the outcomes per individual hospital and all heart centers 
combined in the annual Meetbaar Beter Books. [5] The primary goal is to provide 
insight into the outcomes and to facilitate generation of valid hypotheses on 
potential improvement. To define such hypotheses, data on outcomes must always 
be combined with medical expertise. Outcomes are published at three levels. The 
first level of publication is uncorrected results (Figure 2). The percentage of events 
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CONCLUSION

VBHC is a concept that supports and encourages the improvement of quality 
and efficiency in healthcare. Meetbaar Beter has implemented VBHC in practice, 
creating an internationally unique and transparent learning environment. The solid 
methodology of Meetbaar Beter has created traction in Dutch healthcare, built 
enthusiasm amongst doctors and heart centres and has made a great leap forward 
in the transparency of healthcare quality. The first results of quality improvement 
projects within and amongst heart centers are more than promising. The ultimate 
success of Meetbaar Beter and VBHC will be concluded within a few years. With 
regards to Meetbaar Beter, success is defined by improved outcomes over the full 
range of medical conditions in heart care.
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ABSTRACT

Objectives: First, to assess patient-relevant outcomes of delivered cardiovascular 
care by focusing on disease management as determined by a multidisciplinary Heart 
Team. Second, to establish and share best practices by comparing outcomes. Third, 
to embed value-based decision-making to improve quality and efficiency in Dutch 
heart centers.

Methods: In 2014, twelve Dutch heart centers pooled patient-relevant outcome data, 
which resulted in transparent publication of the outcomes, including long-term follow-
up up to five years, of approximately 86 000 heart patients. This study presents 
the results of both disease- and treatment patient-relevant outcome measures for 
coronary artery disease (CAD) and aortic valve disease (AVD). The patients included 
were presented to a Heart Team and underwent invasive or operative treatment. In-
hospital and out-of-hospital patient-relevant outcome measures were collected as 
well as initial conditions. Quality of life was assessed using the Short Form (SF)-36 or 
SF-12 health survey. 

Results & Discussion: In the Netherlands, patient-relevant and risk-adjusted outcomes 
of cardiovascular care in participating heart centers are published annually. Data 
were sufficiently reliable to enable comparisons and to subtract best practices. The 
statistically lower risk-adjusted mortality rate after coronary artery bypass grafting 
(CABG) resulted in a voluntary roll-out of a peroperative safety check. The in-depth 
analysis of outcomes after percutaneous coronary intervention (PCI) resulted in 
process improvements in several heart centers, such as pre-hydration for patients 
with renal insufficiency and the need of target vessel revascularizations within a year. 

Conclusion: Annual data collection on follow-up of patient-relevant outcomes 
of cardiovascular care initiated and organized by physicians, appears feasible. 
Transparent publication of outcomes drives improvement of quality within heart 
centers. The  system of using a limited set of patient-relevant outcome measures 
enables reliable comparisons and exposes the quality of decision-making and 
operational process. Transparent communication on outcomes is feasible, safe and 
cost-effective and stimulates professional decision making and disease management.

Key words: outcomes, patient-relevant, cardiovascular, quality improvement, 
transparency, value-based healthcare 
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INTRODUCTION

Determining the costs of cardiovascular care and measuring patient-relevant health 
outcomes are essential in order to assess the relationship between the benefits to the 
patient and the costs incurred per patient and per institution. [1, 2] In the Netherlands, 
the cardiothoracic surgical community is fortunate to have a registry which contains 
elements of the European system for cardiac operative risk evaluation (EuroSCORE), 
the in-hospital mortality and morbidity of all Dutch cardiothoracic centers.[3] This 
registry has been publishing the EuroSCORE-adjusted in-hospital mortality rates from 
Dutch cardiothoracic centers since 2013. 

For two decades it has been general practice in Dutch heart centers that a 
multidisciplinary Heart Team decides on the timing and modality of treatment for 
patients presented for an intervention. Although the cardiothoracic surgical registry 
enables partial assessment of the decision performance of the Heart Team and the 
heart center in general, the aggregation of these outcomes with the outcomes of 
patients with the same cardiac disease who do not receive surgical treatment does  
complete the assessment of the disease management decisions and treatments. 
This methodology is in line with the Value Based Healthcare (VBHC) theory, which 
describes that the patient-relevant outcomes should be evaluated based on the 
full cycle of care for the patient’s medical condition, rather than comparing isolated 
interventions . Therefore, outcome analyses should be based on patient groups with 
the same medical condition. From this point of view all patients with coronary artery 
disease (CAD) or aortic valve disease (AVD) should be included in the study enabling 
the evaluation of the performance of heart centers. For instance, the medical 
condition CAD includes patients with proven ischemia, treated with coronary artery 
bypass grafting (CABG), percutaneous coronary intervention (PCI) or optimal medical 
treatment (OMT). Similarly,  the medical condition AVD includes symptomatic patients 
with proven severe aortic valve stenosis and/or aortic valve insufficiency treated 
with aortic valve replacement (AVR), transcatheter aortic valve implantation (TAVI) or 
optimal medical treatment (OMT).

Today in healthcare, it is not only survival but also complications, re-interventions and 
a gain in or restoration of quality of life (QoL) in relation to costs that are considered to 
be the standard elements to measure quality of performance and cost-effectiveness. 
[4, 5] The urgent need for good financial management and efficiency is not only 
a priority for a cost-saving strategy but also for making resources available for 
innovation projects. 
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The initiative and organization 
A large and growing group of members of the Dutch community of cardiac 
interventionists (both cardiologists and cardiac surgeons) is convinced that further 
improvement of quality and patient safety can be achieved only by measuring 
patient-relevant outcomes and sharing and adopting each other’s best practices. 
The physician’s motivation is not only driven by the desire  for figures and analyses, 
but also by  a drive to adopt improvement strategies based on outcomes research 
other than the usual reports on mortality and complications. A previous study has 
already shown the improvement of outcomes as a result of the implementation of a 
registry that focuses on quality improvement. [6] The emphasis will be on measuring 
the sustainability of the improved health situation and QoL. In time, the outcomes will 
be compared to the wide variety of costs made. [1, 2]

This has resulted in a national bottom-up initiative by cardiac surgeons and 
cardiologists to further improve the quality and transparency of care for patients 
with a heart disease by systematically and voluntarily collecting outcome data 
with, amongst other outcomes, a long term follow-up of at least a year, and often 
longer. Outcome data comprises all patients with the same medical condition 
and all interventions carried out. This initiative is known as the Netherlands Joint 
Outcomes & Transparency Initiative and came about at the instigation of physicians, 
not institutions or health care insurers. It carries the working title Meetbaar Beter, 
which means Measurably Better. For the purpose of this communication we will use 
the term Measurably Better (MB).

The selected outcome measures are maximally patient-oriented and clinically 
relevant and form the basis of the transparent reporting of the results of care for 
patients, physicians, health care insurers, government and other decision makers. 
Furthermore, these outcomes include mortality and complication rates during 
hospital stay and long-term follow-up thereby enabling to provide a clear overview 
of the overall performance of a heart center.  In previous studies, it was observed that 
it made a significant difference to let the assessment of performance be determined 
by in-hospital mortality and overall 30-day mortality or longer-term survival. [7, 8] 

The participation of heart centers in MB is voluntary and signing on means 
commitment  by contract to deliver authentic, complete, and transparent data and 
to agree on publication of the  results. Reporting on patient-relevant outcomes may 
serve as the starting point for a cycle of improvement within each of the participating 
heart centers. These improvement cycles are based on the plan-do-study-act (PDSA) 
method. [9, 10] This method is widely accepted to drive improvement in healthcare. 
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Furthermore, reporting on outcomes may help in sharing relevant insights, stimulating 
learning effects and adopting each other’s best practices. Also, bench-marking or 
comparisons on supra-institutional level are helpful to expose shortcomings and best 
practices.  A previous study showed significant differences in 30-day mortality rates 
after acute myocardial infarction between the United Kingdom and Sweden, which 
indicates the relevance of a simple set of parameters and a need for sharing best 
practices at international level. [11]

Every year, MB organizes public and internal events where best practice, projects for 
improvement and analysis are being shared. In this way MB facilitates an environment 
for learning, sharing and improving. MB contributes to making well-documented and 
preferably evidence-based decisions on care for heart patients in the Netherlands. 

METHODS

General principles
The MB initiative is driven by the VBHC methodology developed at Harvard Business 
School by Porter. [1] The core idea of VBHC is the assumption that care can be 
improved by concentrating on maximizing the ‘value’ for patients, defined as the 
outcomes of care and QoL in relation to the costs of care. The implementation of 
VHBC has turned out to be feasible in all aspects of the MB initiative. 

Supported by an International Academic Advisory Council of medical and 
methodological experts, which ensures the validity of the parameters collected 
as well as their relevance and impact, the first task of MB was to select those 
standardized outcome measures which are most relevant for the patient and 
scientifically validated. For each medical condition an integrated outcome team, 
consisting of cardiologists and thoracic surgeons of the participating heart centers, 
has been created. These teams carry out the selection of outcome measures and 
initial conditions. Furthermore, the teams are also involved in the annual maintenance 
cycle. During this cycle the selection and definitions of the outcome measures and 
initial conditions are further improved when necessary. 

The outcome hierarchy of  Prof. Porter was used to select the outcome measures in 
all relevant matters from a patient’s point of view. [1] The first criterion in the selection 
of outcome measures is the impact on the QoL of patients. The other criteria are the 
prevalence of the outcome and the possibility for physicians to influence the outcome. 
Furthermore, the feasibility of data collection and the quality of the definition were 

d.vanveghel-layout.indd   45 18/06/2019   23:11



46

Chapter 3

considered to decide whether or not the outcome measure is included. The initial 
conditions that are considered to influence the outcomes, were selected based on 
the impact on the outcome measures, feasibility of data collection and volume. 

In case MB selects an outcome measure or an initial condition that is part of an 
existing registry, and this registry already has proper definitions for outcome measures 
or initial condition, MB copies these definitions in order to keep the workload of 
registration as low as possible. 

To date, MB has defined and collected data for sets of outcome measures and 
initial conditions for common and relevant heart diseases such as CAD (CABG, PCI 
and OMT), AVD (AVR, TAVI and OMT) and atrial fibrillation (catheter pulmonary vein 
isolation and surgical pulmonary vein isolation). Data on outcomes and QoL for these 
medical treatments are collected from the integrated care systems at the participating 
centers, including both short-term follow-up and a follow-up of 12 months or longer. 
Data from emergency procedures are also included in CABG and PCI, as are data 
from patients who have not been discussed by the Heart Team. MB has defined 
sets of outcome measures, and initial conditions for other heart diseases such as 
mitral valve disease, tachycardia and for conditions such as being at risk for sudden 
cardiac death.  Data on these heart conditions has not yet been collected due to the 
data collection workload at participating heart centers. Mortality, QoL, morbidity and 
re-interventions are examples of outcomes being measured and presented publicly.  
The sets of outcome measures and initial conditions are available on the MB website 
(http://www.meetbaarbeter.com).

Once the professional groups at a heart center decide to participate in MB, they are 
charged equally for the expenses incurred in running the MB organization, which is a 
non-profit foundation. The Board of Directors and the Advisory Board of MB is made 
up exclusively of physicians. Each participating heart center has a representative on 
the Advisory Board. The Board discusses important strategic and tactical issues as 
well as the yearly budget of MB. 

MB works closely with the International Consortium for Health Outcomes Measurement 
(ICHOM). Although the CAD outcome measures set is a bit more focused it is strongly 
aligned with the outcomes defined by ICHOM. [12] The sets will merge over time 
as MB physicians join the medical expert groups of ICHOM. The development of 
an indicator set for heart failure will be a joint effort, with MB physicians joining the 
expert group and MB sharing the implementation experience.
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Data collection & management
Data manuals are provided to ensure consistency in data collection in all participating 
centers. The detailed definitions of the outcome measures and initial conditions 
are included in these manuals, which are available at the MB website (http://www.
meetbaarbeter.com). These manuals are updated on a yearly basis as a result of the 
annual maintenance cycle. MB conducts annual audits at each of the participating 
heart centers, both on a medical and a process level. In order to guarantee the quality 
of the results quality requirements are imposed on the completeness of the data. To 
ensure that data of all patients, who are eligible for inclusion, indeed are submitted to 
MB,  the medical specialist of the participating hospital is made formally responsible 
for the quality of the data delivery and transfer; he  needs to sign for the accuracy 
and completeness of the data. The number of submitted patients are compared with 
the number of treated patients published in the annual reports of the hospitals. Also, 
auditing teams do conduct checks on completeness and the integrity of the data. Data 
collection and analysis process steps are objectively and completely documented to 
ensure that medical and methodological choices and potential changes can always 
be traced and evaluated. For instance, the outcomes of morbidity and mortality are 
collected each year. Subsequently, the risk-adjusted outcomes are published and 
used for learning by transparent comparisons of performance.

In this article we discuss the patient-relevant outcomes of CAD and AVD.  The focus 
is on the surgical procedures CABG, PCI, AVR and TAVI, which also showed near 
complete datasets and follow-up. The study includes patients who were treated in 
the 12 participating heart centers between January 1, 2009 and December 31, 2013 
for CABG, AVR and TAVI and between January 1, 2011 and December 31, 2013 for PCI. 
The data were used to benchmark patient-relevant outcomes, including long-term 
follow-up outcomes.  

Follow-up
The follow-up data including out-of-hospital data were collected by well-trained 
students visiting the regional hospitals and/or by written surveys sent to the patients. 
Heart centers are mandatory to demonstrate that the follow-up has been carried out 
for the complete patient cohort. A maximum of 10% random missing values is allowed. 

QoL of elective patients was assessed using the SF-36 or SF-12 health survey before 
the intervention (maximum 2 months before intervention) and 10-14 months after the 
intervention using a written survey. Participation in the survey was voluntary and the 
patients filled out the survey by themselves at home or in the hospital. Only patients 
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who survived the follow-up period of one year and who completed the pre- and post-
intervention survey were included in the analysis. The pre- and post-intervention 
QoL scores were divided into the eight healthy domains that have been validated in 
a series of cross-cultural studies. [13, 14] At least 50% of the questions of each domain 
had to be filled out for inclusion. Furthermore, the QoL score of each domain was 
compared with the mean score for healthy volunteers. [25]

Statistics
To ensure good quality data, heart centers with more than 10% missing data for 
an outcome measure were excluded from the analyses for the outcome measure 
concerned. In addition, patients for whom a specific outcome measure was unknown 
were excluded from the analyses. The mortality data were collected using the 
electronic database of regional municipal administration registration (Gemeentelijke 
Basis Administratie (GBA)) resulting in almost 100% completeness of the mortality 
data. The completeness of the data related to complications was between 95% and 
100%. For the analyses related to one-year follow-up outcome measures, patients 
treated in 2013 were excluded since not all patients have a complete follow-up of 
one year when executing the analyses in May, 2014.

The patient-relevant outcomes have been published on three levels:

1.	 The uncorrected percentages of the prevalence for each selected outcome 
measure were calculated

2.	 The segmented uncorrected percentages of the prevalence for each selected 
outcome measure were calculated, which indicates the dependence of the 
outcome measure relative to the most important selected initial conditions.

3.	 If a power calculation indicated that the power was sufficient to show reliable 
differences between heart centers, a logistic regression analysis was performed 
enabling the presentation of the outcome measure in a funnel plot. In the funnel 
plot the percentage of the standardized number of cases was plotted against 
the number of expected cases. The percentage of the standardized number 
of cases was calculated by dividing the number of observed cases by the 
number of expected cases multiplied by 100. The number of expected cases 
was calculated after adjustment for the selected initial conditions. If a heart 
center had more than 10% missing values for an initial condition, the condition 
was excluded from the logistic regression analysis for that heart center. Heart 
centers with more than one missing initial condition, were also excluded from the 
logistic regression analysis. In general, initial conditions were excluded from the 
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logistic regression analysis if 25% or more of the heart centers were not able to 
provide data for this particular initial condition. The funnel plot also displays 95% 
confidence limits. 

Long-term survival graphs were created for the long-term follow-up outcome 
measures with a maximum follow-up of five years. The survival curves are created by 
using a multivariate Cox proportional hazard analysis, which is risk-adjusted for the 
selected initial conditions.

Both low volume and high volume outcome measures are published. For low volume 
outcomes the risk-adjustment is often statistically impossible, however clinically 
relevant insights can still be gained by reporting on low volume outcome measures, 
as clinical relevance and statistical significance are two different things.

Calculations were performed using SPSS 17.0 (SPSS Inc., USA). The level of statistical 
significance was set at α=0.05.	

RESULTS

Patient-relevant outcomes from daily practice in Dutch heart centers have been 
collected for approximately 86 000 patients. A complete overview of all reported 
outcomes is available at the MB website (http://www.meetbaarbeter.com). The results  
are clustered in accordance with the levels of the outcome hierarchy defined by  
Porter, i.e. 1) survival, 2) degree of health/recovery, 3) time to recovery and return to 
normal activity, 4) disutility of the care of treatment process, 5) sustainability of health/
recovery and nature of recurrences, and 6) long-term consequences of the therapy).  

Disease specific outcomes

Survival
Figure 1 shows the risk-adjusted 120-days mortality for all so-called consolidated AVD, 
based on inclusion of both AVR and TAVI treated patients. The 120-days mortality 
rate was risk-adjusted for age, gender, renal insufficiency, urgency of the procedure, 
left ventricular ejection fraction, and history of cardiac surgery. The model shows a 
C-statistic of 0.64, which indicates a relatively moderate predictive accuracy. These 
preliminary results provide a first step towards the publication of disease specific 
outcomes. The next step is to complete these results by inclusion of OMT treated 
patients. 
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FIGURE 5: Risk-adjusted long-term survival after AVR for 2009-2013. The long-term survival 
is adjusted for gender, diabetes mellitus, urgency of the procedure, left ventricular  ejection 
fraction, endocarditis, history of cardiac surgery and history of stroke.

Degree of health/recovery
Figure 6 depicts the QoL results from one of the heart centers collecting QoL, which 
was assessed using the SF-36 pre-operative and  one year after CABG. Results for 
all eight health domains included in the SF36 are presented separately. Although 
the data lacked more than 10% values, it was still decided to publish the results of 
QoL. The main reason for this decision is that QoL is of central importance in the 
evaluation of the quality of medical treatment, and publishing results stimulates heart 
centers to improve the data collection processes.  

Disutility of the care of treatment process 
The results from 2014 presented in Figure 7 show significant differences between 
heart centers in the number of risk-adjusted implantations of a new permanent 
pacemaker within 30 days after TAVI. The selection of this outcome measure was 
based on a previous study and was risk-adjusted for gender, renal insufficiency, 
history of cardiac surgery and history of mitral valve disease. [19] The model shows a 
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DISCUSSION

Measurably Better – Meetbaar Beter - has shown that insights into patient-relevant 
outcomes contribute to the improvement of delivered cardiovascular care in at least 
two ways. First of all, the discrepancy in outcomes acts as a trigger for individual 
heart centers to review their current care process. The participating heart centers are 
motivated to understand where this discrepancy originates from and how they can 
improve their outcomes. This has resulted to several improvement projects initiated 
by a number of heart centers. Secondly, insight into outcomes provides incentives for 
hospitals for mutual learning.  It enables the flow of best practices between individual 
heart centers. MB facilitates the sharing and implementation of these best practices. 
The participating heart centers remain autonomous in deciding whether they want to 
implement the identified best practice. Today, the first steps towards identifying and 
sharing best practices have been taken with the implementation of a Safety Check, 
the methodology to identify and select best practices within the MB initiative can be 
further improved.

The MB initiative entails not only a shift from specialist and intervention-oriented 
care to patient and disease management-oriented care, but also from “in-hospital” 
orientation to a “full cycle of care” approach as several outcome measures are based 
on long-term follow-up. [13] MB  aims not only to focus on the results of an individual 
treatment or specialization, but also on the results of the integrated care for patient 
groups, both inside and outside the hospital, where the census intervention took 
place. As it is not only the intervention itself that influences the outcomes, but also 
the follow-up in the outpatient clinic of a referral center, specialists are stimulated to 
collectively organize integrated care even better. The methodology of MB enables 
to define the performance of the full cycle of care that starts with a Heart Team 
discussion. MB assumes that all non-elective patients undergoing an intervention or 
cardiac surgery are discussed by a Heart Team. For the inclusion in the OMT cohort 
of CAD, ischemia needs to be proven and the patient has to been discussed by the 
Heart Team. Figure 2 shows the first results of a CAD specific outcomes measure 
“readmission due to myocardial infarction”, for which CABG, PCI and OMT treated 
patients are included. The clear benefit of taking the medical condition as starting 
point for benchmarking patient-relevant outcomes is the prevention of risk-avoidance 
for the sickest patients. MB also collects information regarding whether a Heart Team 
discussion took place. The next step is to use this information to perform analyses 
verifying the added value of a Heart Team discussion. Furthermore, in the near future 
also the OMT treated patients will be included in the AVD analyses providing an 
improved overview of the AVD outcome measures. The results of disease specific 
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outcomes are increasingly important for AVD patients, as TAVI has been introduced 
for AVD-patients who were judged inoperable, but as the technique improves and 
experience in the TAVI-centers grows, indication criteria for AVR, TAVI and OMT are 
changing. 

In this article the results of one disease specific outcome measure for both CAD and 
AVD are presented. These results show the first step towards the evaluation of the 
Heart Team decision performance. The availability of the so called consolidated data 
is in development, thereby showed in limited extent. The other results represent 
multiple treatment specific outcome measures for CABG, PCI, AVR and TAVI.

 By publishing patient value or loss of value due to complications, health care insurers 
are given a more explicit insight into quality of care. For the first time the opportunity 
to reward quality of care is created and new purchasing models based on patient 
value can be developed. Based on the results of the MB report of 2013, it appeared 
that the risk-adjusted 120-day mortality rate for surgical interventions to treat coronary 
artery disease was statistically lower when compared with other heart centers. The 
internal findings of one of the participating centers indicated that the peri-operative 
safety check they developed and implemented may have contributed to the lower 
mortality rate in patients treated with CABG. This conclusion was not supported by 
conventional  scientific evidence. However, it was decided in an expert meeting 
that a voluntary roll-out of the specific safety check may be a valuable initiative of 
which the efficacy in other centers is worthwhile to be investigated. Since the strong 
hypothesis that the safety check could explain the lower mortality rate, seven other 
participating Dutch heart centers are now implementing the safety check. This roll-
out project will be subject to scientific research in order to gather scientific evidence 
to support the added benefit of the Safety Check and to investigate whether the 
increase in attention to process and quality may have contributed to improved 
patients outcomes (the Hawthorne effect). [21]

Besides results showing possible significant differences in performance between 
heart centers, publication of results that show no significant differences may initiate  
improvement projects. For example, insights based on the TVR rates after PCI, 
resulted in an initiative at one of the heart centers aimed at lowering the TVR rate. 
Other examples are improvement projects to reduce mortality after AVR, tamponade 
after PVI and deep sternal wound infections after CABG. This indicates that statistically 
significant results are not necessarily a prerequisite for initiating improvement cycles 
in a clinical setting. 
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Therefore,, not only ‘hard’ end points are important to assess the quality of delivered 
care, but also ‘soft’ end points like QoL are crucial since improved QoL is a major 
goal for carrying out an intervention. [22, 23] The participating heart centers have 
demonstrated that it appears feasible to collect pre- and post-intervention QoL of 
multiple cardiovascular treatments. Given the importance of publishing QoL data, MB 
stimulates the participating heart centers to improve the response rates, despite the 
time consuming aspect of these surveys. However, it needs to be mentioned that 
the post-intervention QoL might be overestimated since only survived patients are 
included in the analyses. [3] In addition, patients with a low preoperative QoL, high 
operative risk and older age are at higher risk for drop-out, which may result in a 
biased conclusion regarding changes in QoL. [24] 

The MB initiative fills in a space between scientific research and evidence 
and facilitating quality of healthcare in daily practice. Its first successful quality 
improvement projects have been observed. However, it will sometimes remain 
difficult to prove success in terms of statistical evidence, as numbers remain small 
and power for analysis is poor. The MB initiative has shown that physicians can start 
learning, improving and sharing to improve quality in healthcare without, or even 
despite, statistical significance. As clinical relevance will always be the key factor in 
decision-making by physicians in healthcare, there is no reason to postpone learning 
and improvement. 

Consensus has been created on a small set of outcome measures and initial conditions. 
Most definitions have shown to be very solid and feasible. Some outcome measures 
appeared to remain subject of debate, which make expert groups indispensable to 
generate consensus. In general, we conclude that the use of a small set of outcome 
measures enables reliable comparisons between Dutch heart centers. Also, that 
risk-adjustment other than by Euroscore is feasible despite a limited set.  Good and 
undisputed data quality is the key prerequisite to analyze and to start the learning and 
improvement cycles in the participating heart centers. However, reality demands that 
MB allows a limited amount of missing data, thereby enabling to publish data of more 
participating heart centers which accelerates learning cycles. Within three years, 
the maximum of missing data has to be increased to 5%. Furthermore, to generate 
credibility and acceptance it is essential that results are reported transparently and in 
accordance with suggestions from relevant patient advocacy groups. In combination 
with physician-given information, patient-preferred decision-making is stimulated 
by openly communicating best practices either gleaned from one’s own hospital or 
adopted from colleagues. The influence of patients will increase over time. First, by 
involving them in the yearly maintenance cycle of the set of outcome measures. This 
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is a process which guarantees the continuous improvement of the set of outcome 
measures and definitions used. Second, by publishing the outcomes in a specific 
patient-orientated way.

This practical approach, using a very restricted set of outcome measures and 
initial conditions, has made the MB initiative one of the international leaders in the 
implementation of Prof. Porter’s Value Based Healthcare theory. Although the costs 
of healthcare delivered are not within the scope of the MB initiative, transparent 
reporting on patient-relevant outcomes has become standard in the Netherlands. 

The future
In the coming years, the focus of MB will gradually shift towards using valuable insight 
into outcomes to actually facilitate improvement in the quality of care. The base will be 
accordance with and support by the use of the international best practice guidelines. 
MB has connected to centers of best practice worldwide such as Cleveland Clinic, 
UCLA in U.S.A, and Schön Klinik and Martini Klinik in Germany thereby building an 
international network on the implementation of VBHC. Insights into the methodology 
that is used to create effective improvement programs based on patient-relevant 
outcomes are being gathered and will be shared with participating heart centers.

Creating practices and guidelines is a gigantesque task exceeding a national level 
or profession. MB provides the warehouse, this internationally created information as 
well as the data storage management for the participating heart centers. Only this 
way the implementation of an effective quality improvement cycle can be developed 
and maintained. To increase the push on performance in the participating heart 
centers, several levels of membership and rewards will be designed. These could be 
based on completeness of data, quality of data and quality of the organization of the 
improvement cycle at the heart centers. Models for regional cooperation, changes 
in culture and innovations in purchasing for healthcare will be designed by either the 
participating hospitals or MB. The decision making for quality in healthcare, enabling 
best patient value, will continue to develop in care for Dutch heart patients. Using 
patient-centered decision-making, tools will be developed to support the decision-
making of patients by providing them with insights into the outcomes of delivered 
healthcare.

In The Netherlands, only licensed hospitals are allowed to perform PCI treatments. 
There are two different types of Dutch hospitals performing cardiac interventions: 
1) heart centers, 2) intervention hospitals without cardiothoracic surgery on-site. 
Today, the latter can participate in MB as well.  The intervention hospitals without 
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cardiothoracic surgery on-site do have joint Heart Teams sessions with a ‘full heart 
center” prior to  carrying out elective and urgent PCI.  The participation of these 
hospitals in MB enables to obtain a complete overview of the nationwide Heart Team 
decision performance and the quality of the collaboration between the heart center 
and the PCI-hospital. Furthermore, we fore see that over time the national patient 
cohort for CAD will consist of all Dutch patients with proven ischemia. The first results 
for the intervention hospitals without cardiothoracic surgery on-site will be published 
in the Meetbaar Beter Book 2015.
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ABSTRACT

Systematic outcome measurement enables to continuously improve treatment 
results and  stimulates dissemination of best practices. For patients suffering from 
coronary artery disease (CAD), no examples yet exist of standard sets of patient-
relevant outcome measures that have already been fully implemented at a large 
scale in clinical care. The aim of this paper is twofold: 1) To share the standard set 
of outcome measures as developed by Meetbaar Beter; and 2) To show how the 
standard set is presented and published in order to support improvement of cardiac 
care. A step-wise approach was followed by an expert panel to construct a standard 
set of outcome measures. This approach resulted in a comprehensive set of relevant 
outcome measures, comprising 4 generic and 11 treatment-specific outcomes. Both 
short-term outcome measures as well as long-term outcomes up to 5 years of 
follow-up were included. Relevant initial conditions were selected to enable case-
mix adjustment. The standard set has been implemented in 21 hospitals across the 
Netherlands. The results and experiences have been used to fine-tune the set in 4 
reporting cycles in 2012-2016, using an annual maintenance cycle. Currently about 
83,000 percutaneous coronary interventions (PCIs) and 30,000 coronary artery 
bypass graftings (CABGs) are included in the dataset, covering the majority of all 
PCIs and CABGs in the Netherlands. In conclusion, Meetbaar Beter has defined and 
implemented a comprehensive set of patient-relevant outcome measures for CAD, 
and the variation of the results among the centers indicates that there are sufficient 
opportunities to further improve cardiac care in the Netherlands. 

Key words: Coronary artery disease, Quality improvement, Value-based healthcare, 
Patient-relevant outcomes, Transparency.
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INTRODUCTION 

Cardiovascular diseases are the most important cause of death in almost all countries 
of the European Union, of which coronary artery disease (CAD) affects most people.
[1-3] In the face of increasing treatment costs and uncertain outcome gains, value-
based decisions about how and where to treat patients with CAD are needed.
[4] Value-Based Healthcare has been proposed to improve quality of care. In this 
framework, value is defined as a patient’s outcome divided by the costs to achieve 
the outcome.[5] Key to measuring value is defining condition-specific outcomes 
that matter to patients. Systematic outcome measurement enables to continuously 
improve treatment results and share best practices. To be able to compare outcomes 
over time and between hospitals, standard sets of well-defined outcomes that provide 
a complete overview of quality of care for a specific medical condition are needed. In 
2012, Dutch physicians started Meetbaar Beter (English: Measurably Better) in order 
to select, define and evaluate treatment outcomes in heart care.[6] Meetbaar Beter 
is a physician-driven and patient-focused initiative that aims to improve quality of 
cardiovascular care in the Netherlands by creating transparency on patient-relevant 
outcomes. Meetbaar Beter has defined standard sets of outcome measures and 
initial conditions for several heart conditions, which currently are being used in 21 
hospitals to improve cardiac care. The aim of this paper is to share the standard set 
of outcome measures for CAD and to show how it is yearly presented and published 
in order to support quality improvement.

METHODS

A fixed step-wise approach was followed to construct a standard set of patient-
relevant outcome measures for CAD. The aim was to select a limited number of up to 
10 outcome measures per treatment option, including both disease-generic measures 
and treatment-specific measures, leading to a practical standard set that can be fully 
implemented in any hospital and not impacting the administrative burden too much. 
The treatment options are: 1) coronary artery bypass grafting  (CABG): Patients where 
the intention is to perform an isolated CABG (patient is included from the moment 
that a skin incision is made); 2) percutaneous coronary intervention (PCI): Patients 
where the intention is to perform an isolated PCI by the placement of an angioplasty 
guide wire, balloon, or other device (e.g. stent, atherectomy, brachytherapy, or 
thrombectomy) and 3) conservative treatment (CT): Patients with CAD for which the 
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local Heart Team (team of different cardiovascular specialists, including interventional 
cardiologists and cardiac surgeons) decided to opt for a conservative treatment due 
to the high risk of mortality or complications when performing an intervention.  

To select outcome measures, an outcomes team of 4 physicians was composed, 
comprising both cardiologists and thorax surgeons with expertise in the field of CAD. 
Next, a modified Delphi procedure was conducted, in which the ideas and tools of 
Value-Based Healthcare were integrated. [5-7] First, a long-list of potentially relevant 
outcome measures related to the treatment of CAD was constructed. This was done 
by describing in detail each of the steps of Michael Porters’ Care Delivery Value 
Chain (i.e. monitoring/preventing, diagnosing, preparing, intervening, recovering/
rehabbing and monitoring/managing) and identifying outcomes of each of those 
steps. [8] In addition, potential outcomes were extracted from relevant documents 
such as national guidelines, scientific publications, clinical trials and international best 
practices. This led to the identification of in total 94 outcome measures for CABG, 105 
for PCI and 83 for CT. Second, these outcomes were ranked by all team members 
on the following criteria: 1) Patient relevance, defined as the impact on patient quality 
of life; 2) Medical relevance, defined as the level of impact health professionals 
can have on the outcome and 3) Patient volume, defined as the number of patients 
affected by the (negative) outcome. In supplemental Figure S1, as an example, the 
scores of the top 30 outcome measures for PCI are presented. Third, the top 30 
outcome measures were ranked on the feasibility of data collection and the quality 
of the outcome definition. The rankings were performed by each team member 
separately. Differences in prioritization between team members were discussed in 
detail until consensus was reached. The results were clustered in accordance with 
the 3 tiers of the Outcome Hierarchy: 1) Health status achieved or retained; 2) Process 
of recovery and 3) Sustainability of health.[5] To provide a complete overview of 
quality of care, it was a requirement that each tier was represented in the final set of 
outcome measures. 

Baseline data are essential to make meaningful comparisons between patients. A 
selection was made of 10-15 risk factors or initial conditions related to the patient at 
the moment of diagnosis with highest impact on the patient outcomes. This was done 
by constructing a long-list of initial conditions from literature and outcomes team 
discussions. The first selection resulted in 115 initial conditions. The final selection 
of initial conditions, resulted from a prioritization based on impact on outcomes, 
feasibility and patient volume. 
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The systematic approach used for the set development and the final standard set of 
medical outcomes and initial conditions was validated by an international academic 
advisory council (Supplemental Table S1).  This council consists of 3 separate 
parts: 1) A methodology council, with 5 experts in Value-Based Healthcare, change 
management and quality improvement; 2) A medical council, with 19 medical experts, 
of which 6 provided feedback on the standard set of CAD; and 3) A data management 
& statistics council, with 3 internationally renowned experts. Also a sounding board 
validated the final set, representing national health-insurance companies, patient 
organizations and government organizations. 

A standard set of outcome measures needs to be validated in practice. Insights from 
data collection and use for quality improvement leads to refinements in the selection 
and definition of the outcome measures and initial conditions. Also, for example 
improvement in outcomes over years and developments in treatment protocols and 
operation techniques can impact the standard set. Therefore, annual maintenance 
cycles are organized with the medical experts of the outcomes team. During 
these cycles, both the selected outcome measures and the initial conditions are 
systematically evaluated.  Based on results and feedback from all participating centers 
and new scientific evidence, specific outcome measures and/or initial conditions 
could be added to the standard set. Measures can also be removed, for example 
in case an initial condition turned out to have no predictive value for the outcome 
measures. In addition, definitions of the included measures are further improved 
when necessary. The maintenance cycles led in the first year to 34 refinements in 
definitions and minor changes in the composition of the outcome measure set and 
the initial conditions. In the cycle of 2016 only 1 change was implemented, showing 
that the standard set has become stable and ready for publication. 

The standard set for CAD was implemented in 2013. To date, 21 hospitals across the 
Netherlands are participating. Each participating hospital annually collects data on 
the outcome measures and initial conditions from patient records and submits data 
of the 5 most recent years. Data regarding events which occurred in other hospitals 
than the hospital where the patient was initially included in the cohort, were collected 
by means of active follow-up. Patient-reported outcome measures were collected 
by 2 questionnaires which were sent maximum 2 months before the intervention 
and 10-14 months afterwards.  All initial outcomes were collected prior to treatment 
initiation. 

To ensure validity and consistency of the data, Meetbaar Beter provides a detailed 
data manual. [9] Clear criteria were defined in order to guarantee data quality: 1) 
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data was collected according to the definitions as described in the data manual; 
2) the percentage of random missing values was maximum 10% per measure; 
3) the electronic database of the regional municipal administration registration 
(Gemeentelijke Basis Administratie) was used for obtaining mortality data and 4) a 
clear demonstration that the data collection regarding the outcomes considering out-
of-hospital data was carried out for the complete patient cohort. Subsequently, the 
validity of data was centrally controlled within Meetbaar Beter by means of checks 
on incorrect values, logical checks of specific entries with respect to other data of the 
same patient, and the presence of extreme outliers. In addition, medical and nursing 
experts of Meetbaar Beter conduct annual audits at each of the participating centers 
to check the integrity and completeness of the data. During the audit, a selection of 
the data which was submitted to Meetbaar Beter is compared with the information in 
the medical records. 

Before submission to Meetbaar Beter, the medical specialist who is responsible 
for the quality of the data needs to sign for the accuracy and completeness of the 
data. When the data checks by Meetbaar Beter are completed successfully, data 
is assumed to be appropriate for statistical analyses. Center-specific results will be 
published independent of the outcomes, without possibilities for withdrawal. Hospital 
names are specified in all published results, allowing hospitals to contact each other 
based on published results.

Descriptive statistics with means (with SDs) or counts (with proportions) were used to 
present uncorrected center-specific and national performances. In case of a sufficient 
number of events, segmented uncorrected percentages of the prevalence for each 
selected outcome measure were calculated. This indicates the dependence of the 
outcome measure relative to the most important selected initial conditions.

To be able to compare center-specific performances, multivariable logistic regression 
analyses were performed with risk-adjustment for the selected initial conditions. First, 
power calculations were conducted in order to calculate whether the power was 
sufficient to show reliable differences between centers. In case of sufficient power, 
the number of expected cases for dichotomous outcome measures was calculated 
per center by means of multivariable logistic regression analyses, using the outcome 
measure as dependent variable and the selected initial conditions as independent 
variables. For each center, the calculated number of expected cases was plotted 
against the percentage of the standardized number of cases in a funnel plot. The 
percentage of the standardized number of cases was calculated by dividing the 
number of observed cases by the number of expected cases multiplied by 100. In 
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addition, a mean ratio for all centers together was calculated with corresponding 95% 
confidence intervals, to be able to assess which centers deviate significantly from the 
national mean. A c-statistic was calculated to indicate the discriminatory power of the 
predictive model. The c-statistic takes on values between 0.5 (classification no better 
than a coin flip) to 1.0 (perfect classification). [10]

For outcomes regarding time that passes before the event occurs, multivariable Cox 
proportional hazard analysis was performed, with risk-adjustment for the selected 
initial conditions. The results are presented in risk-adjusted Kaplan Meier curves.

Several exclusion criteria were specified for analyses to ensure the validity of the 
outcomes. If a center had more than 10% missing values for an initial condition, the 
condition was excluded from the regression analyses for that center. In case a center 
had more than 1 missing initial condition, the whole center was excluded from the 
analysis. An initial condition was totally excluded from the regression analyses if 25% 
or more of the centers were not able to provide data for this particular condition. 
Patients with 2 or more missing initial conditions were excluded, as well as patients 
who died prior to complete follow-up and for which the event did not occur (competing 
risk). All analyses were performed per treatment option as well as for the total group 
of patients with CAD , regardless of the specific treatment (i.e. consolidated CAD). For 
both the funnel plots and the Kaplan-Meier curves, missing data were imputed via 
multiple imputation. [11] Analyses were performed using SPSS 23.0 (SPSS, Inc., USA). 
The level of statistical significance was set at α = 0.05.

RESULTS

The stepwise procedure of outcome measure development resulted in a set of 4 
generic outcome measures covering all patients with CAD. In addition, 6 outcome 
measures which were specific for CABG, 3 measures which were specific for PCI 
and 2 measures which were specific for CT were included in the standard set. 
Table 1 shows the final set of outcome measures and initial conditions. The outcome 
measures are clustered in accordance with the levels of the Outcome Hierarchy. 
The definitions of the outcome measures are presented in supplemental Table 
S2. Table 1 also indicates how many hospitals collected data for each treatment. 
Two (high volume) hospitals collected data for all medical treatments, resulting in 
25,259 patients in the consolidated CAD group. Per treatment option, the means and 
proportions (%) for all outcome measures and initial conditions are presented in Table 
1 when appropriate, indicating that data collection is feasible.
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Survival is measured at several time points. For all treatment options, survival is 
assessed at 1 year after inclusion. In addition, long-term survival is measured up to 5 
years of follow-up. Thirty-day mortality is selected as outcome measure for patients 
treated with a PCI, while mortality of patients treated with CABG is measured at 120 
days.  For the CABG group, mortality is measured at 120 days, because previous 
research of Siregar et al. showed that 60-120 days after surgery, the survival curves 
of patients who underwent CABG stabilized after an initial steep decline. At 120 days 
post-surgery, all cardiac surgery-related mortality was covered. [12] For PCI, mortality 
is measured at 30-days, as risk of death seems to move from cardiac to non-cardiac 
after a period of 30 days post PCI. [13] For all selected time periods, the outcomes 
team decided to assess all-cause mortality using central death registers. Disease-
specific mortality was not selected as it was considered to be less meaningful to 
patients than all-cause mortality. Besides, the validity of the data may be limited if 
cause of death is not clinically assigned.

On the level of degree of health/recovery, quality of life (QoL) is assessed by the 
Short-Form 36 (SF-36) questionnaire. The SF-36 is a widely used generic measure in 
QoL, developed and validated in the Medical Outcomes Study to assess important 
QoL domains relevant to patients suffering from a wide range of medical conditions. 
[14] The SF-36 consists of 8 QOL domains that comprise 2 summary measures: the 
physical component and the mental component. The SF-36 hasalready proven to 
be valid for measuring quality of life among coronary patients. [15,16] To address 
the considerable burden placed on respondents to fill out the questionnaire, some 
hospitals choose to use the SF-12, which is a shorter form of the SF-36. Both measures 
have been found to be highly correlated. [17] The SF questionnaire is assessed at 
baseline and between 10-14 months after treatment.

Three high-impact outcome measures in the tier ‘process of recovery’ concern only 
the CABG patients: cerebrovascular accident within 72 hours, surgical exploration 
within 30 days, and deep sternal wound infection within 30 days after surgery.  For 
patients who undergo a PCI, urgent CABG within 24 hours was included. Some 
outcomes such as ‘in hospital cardiac arrest’, ‘cardiac tamponade’ and ‘intubation-
related damage’ do have high impact on patients but were not included because of 
their relatively low incidence. 

‘Myocardial infarction’ (MI) was included as generic outcome measure for patients 
with CAD. For all treatment options, MI is assessed at 30 days after start of the 
treatment. Both for the CABG group and the conservative treatment group, MI is 
measured up to 5 years of follow-up as well. Free of coronary artery reintervention 
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was selected specific for CABG, while occurrence of target vessel revascularisation 
(TVR) within 1 year was selected for PCI. Free of Major Adverse Cardiac Event, in 
which MI, reintervention (CABG or PCI) and mortality are included, is measured for 
the conservative treatment group.

The outcomes teams identified the baseline case-mix variables considered to be 
essential for risk adjustment to enable meaningful comparisons between hospitals. 
Initial conditions common to all CAD patients were defined as well as treatment 
dependent initial conditions. In addition to the total  score on The European System 
for Cardiac Operation Risk Evaluation (EuroSCORE) I and II, several specific risk 
factors were selected which have a main impact on one or several outcomes. [18,19] 
All selected initial conditions are presented in Table 1. The corresponding definitions 
are described in supplemental Table S2.

Figures 1 to 6 show a selection of results to indicate how the standard set is presented 
and published. The types of graphs are selected in order to optimally facilitate 
benchmarking and outcomes-based quality improvement within the centers. The 
selection is made such that every tier in Porters hierarchy is represented. All other 
tables and figures are available online. [6] The names of the centers are explicitly 
included for transparency and to stimulate and allow for sharing and learning 
between individual centers.

Outcomes are published both unadjusted and risk-adjusted (in case of sufficient 
power), as both types of presentations have proven to be a useful starting point for 
quality improvement in practice. Three different levels can be distinguished.

1)	 The uncorrected percentages of the incidence for each selected outcome 
measure. An example for urgent CABG after PCI is presented in Table 2. As 
incidence rates are relatively low, no additional analyses were performed for this 
measure.
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TABLE 2. Uncorrected incidence of urgent coronary artery bypass grafting after percutaneous 
coronary intervention per hospital

Included years Number of patients Urgent CABG (%)

AMC 2012-2015 5190 0.2%

Amphia 2012-2015 5386 0.3%

Antonius 2011-2015 7207 0.3%

Catharina 2011-2015 11225 0.4%

Erasmus 2011-2015 7343 0.2%

Haga 2012-2015 4833 0.3%

Isala 2011-2015 8430 0.4%

MCL 2011-2015 5868 0.3%

MST 2011-2015 6936 0.2%

MUMC 2013 1257 0.4%

OLVG 2011-2015 8579 0.1%

Radboud 2013-2015 2390 0.1%

UMCG 2012-2015 5369 0.5%

UMCU 2012-2015 3071 0.1%

ETZ 2013-2014 1387 0.0%

JBZ 2015 957 0.0%

Maasstad 2015 1374 * 

Noordwest 2013-2015 3427 0.0%

Tergooi 2014-2015 1468 0.1%

Abbreviations: CABG = coronary artery bypass grafting, AMC = Academic Medical Centre Amsterdam, Amphia = Amphia 
Hospital, Antonius = St. Antonius Hospital, Catharina = Catharina Hospital, Erasmus = Erasmus MC, Haga = Haga Hospital, 
MCL = Medical Centre Leeuwarden, MST = Medical Spectrum Twente, MUMC = Maastricht University Medical Centre 
+, Radboud = Radboud University Medical Centre, UMCG = University Medical Centre Groningen, UMCU = University 
Medical Centre Utrecht, ETZ = Elisabeth-TweeSteden Hospital, JBZ = Jeroen Bosch Hospital, Maasstad = Maasstad 
Hospital, Noordwest = Noordwest Hospital group
* As this hospital had more than 10% missing data for the outcome measure urgent CABG, the incidence rate is not 
reported
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DISCUSSION

Meetbaar Beter has defined a standard set of patient-relevant outcome measures 
for CAD. The set has been fine-tuned using a yearly maintenance cycle for 3 
consecutive years. Now the set has become stable and is considered to be suitable 
for scientific publication. It is the first set of patient-relevant outcome measures for 
CAD that has been published, fully implemented at a large scale, and is being used 
as a basis for quality improvements in routine clinical care. In 2016, about 83,000 
PCIs and 30,000 CABGs were included in the dataset, covering the majority of all 
PCIs and CABGs in the Netherlands. The variation of the results among the centers 
indicates that there is potential to further improve cardiac care in the Netherlands. 
Several hospitals have already been successful in conducting improvement projects 
for patients with CAD, based on the presented figures. [6,20] However, presented 
data has to be interpreted cautiously. The c-statistics, describing the discriminatory 
power of the predictive models which underlie the funnel plots, varied from 0.59 
(poor discriminatory power) to 0.89 (good  discriminatory power).[21] Possible 
reasons for the relatively low predictive accuracy of some of the regression models 
are:  1) relevant initial conditions are missing in the standard set, 2) The reliability 
of the data is uncertain, as more soft endpoints like myocardial infarction and TVR 
are difficult to assess objectively than hard endpoints like mortality; or 3) differences 
in care delivery processes influence the outcome. The annual maintenance cycle 
in combination with the data quality checks are used to continuously improve the 
dataset and thus reduce the chances that a relatively low predictive value is caused 
by scenario’s 1 or 2. In case of the third scenario, differences between centers are 
caused by quality differences in the underlying care processes, which can indicate 
potential for improvement. This can include patients’ adherence to therapy and 
lifestyle. Although the c-statistics is clearly important, we believe that also funnel plots 
with a relatively low discriminatory power are valuable to present. In general, more 
variation has been found for short-term endpoints than for the long-term endpoints. 
A reason might be that short-term results are more dependent on the initial care 
provided around the cardiac intervention, while long-term results might reflect other 
processes as well. [22] 

A strength of the standard set is that it has been validated in clinical practice. The 
results and feedback from the participating centers led to fine-tuning of definitions 
and changes in the composition of the standard set. Last year, no new outcome 
measures were added. However, it is important to recognize that the set is a work 
in progress, and should not limit the inclusion of additional variables to optimize the 
prediction models. Another strength is that the standard set includes both treatment-
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specific outcome measures as well as generic outcome measures covering all 
patients with CAD. We selected treatment-specific measures, because the outcomes 
of care and the care delivery process differ among the treatment options. In addition, 
generic outcome measures are used to create insight in the quality of treatment 
decisions. The interpretation of the generic outcome measures will require further 
research. At last, a strength of this standard set is that Meetbaar Beter provided 
detailed definitions of the outcome measures and initial conditions. This is important 
to assure valid data collection in order to allow comparison between time points and 
hospitals. 

The standard set has been developed in 2012 and has been published about 5 
years later. In the meantime, the International Consortium for Health Outcomes 
measurement (ICHOM) has proposed a standard set of outcome measure as well. 
[23,24] Although the sets do largely overlap, some differences can be highlighted. 
The main difference is that the set of ICHOM includes a larger number of outcome 
measures.  For instance, acute renal failure, prolonged ventilation and patient 
reported outcomes such as angina, dyspnea and depression are not included in our 
standard set. Although these measures are clearly important, we aimed to restrict 
our set to limit administrative burden on patients and involved professionals from the 
participating centers and to increase the feasibility to use the standard set in practice. 
Another difference is that the Meetbaar Beter standard set has been validated by 
its implementation and use in clinical practice. Currently the first steps are taken to 
cooperate with ICHOM in order to create internationally comparable data on patient-
centered outcomes. The current presented outcomes can be seen as first proof of 
principle of the ICHOM set in practice. 

Avoidance of high-risk patients is an important topic when using outcome measures 
to assess center-specific performance. [25] To minimize this type of risk avoidance, 
Meetbaar Beter analyses disease generic outcomes next to the treatment-specific 
outcome measures for CAD. In the disease generic analyses, all patients with CAD 
are included, including high-risk patients who received a conservative treatment. 
Also not submitting high-risk patients for registries is an example of risk-avoidance. 
Therefore, participation to Meetbaar Beter is voluntary, but completeness of the 
submitted data is mandatory. This type of risk avoidance was not detected during 
the audits organized by Meetbaar Beter. Finally, Meetbaar Beter invests in an open 
culture with high levels of trust between physicians, in which potential limitations and 
misinterpretations of the data are openly discussed.
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A challenge is the improvement of the implementation of the standard set for 
CT. Patients are included in the CT group in case the multidisciplinary heart 
team decides to give the patient a conservative treatment due to the high risk of 
mortality or complications when an intervention would be performed. A limitation 
is that, even though according to the guidelines all patients that are eligible for an 
intervention for CAD should be discussed in a heart team, in practice this is most 
likely not happening for all patients. [26] The local policies can have major impact 
on the number of included patients in the CT group and thus on the completeness 
of the data. Currently, a project is started to evaluate the proposed methods for 
data collection for the CT group.  Another challenge is the implementation of the 
QoL questionnaires. The number of patients who returned both questionnaires was 
low, as response rates varied from 26% to 42%. In addition, no systematic approach 
has yet been developed to interpret variations in QoL in terms of quality of the care 
delivery process. 

In conclusion, Meetbaar Beter defined a comprehensive set of patient-relevant 
outcome measures for CAD. The implementation of the set has proven to be feasible. 
The variation of the results among the centers indicates that there are sufficient 
opportunities to further improve cardiac care in the Netherlands. Further research is 
mandatory to investigate whether this initiative indeed leads to an increased quality 
of care for patients with CAD. The standard set in combination with the detailed 
definitions and measurements of the indicators can function as benchmark data for 
heart centers from other countries.
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SUPPLEMENTAL TABLE S1. International academic advisory council

Methodology council

•	 Prof. F. Lega, Bocconi University, Milan, Italy
•	 Prof. F. van Eenennaam, The Decision Group, Amsterdam, The Netherlands
•	 Prof. L. Svensson, Cleveland Clinic, Cleveland, United States
•	 Prof. L.H. Friedman-George, Washington University, Washington, United States
•	 Prof. M. Adil, NHS, Edinburgh, Scotland

Medical council

•	 Prof. B. Bridgewater, University of Manchester, Manchester, England: combined aortic valve 
disease and coronary artery disease

•	 Prof. J.  Cacchione, Cleveland Clinic, Cleveland, United States: coronary artery disease
•	 Prof. H. Calkins, Johns Hopkins Hospital, Baltimore, United States: atrial fibrillation
•	 Prof. L.H. Cohn, Harvard Medical School, Boston: aortic valve disease
•	 Prof. R. DiBartolomeo, University of Bologna, Bologna, France: Combined aortic valve disease 

and coronary artery disease
•	 Dr. J.R. Edgerton, The Heart Hospital Baylor Plano, Plano, United States: atrial fibrillation
•	 Prof. H. Heidbuchel, University Hospital Leuven, Leuven, Belgium: atrioventricular nodal 

reentrant tachycardia
•	 Prof. P. Herijgers, University Hospital Leuven, Leuven, Belgium: aortic valve disease
•	 Prof. P. Kirchhof, University of Birmingham, Birmingham, England: sudden cardiac death
•	 Prof. H. Klein, university of Rochester – Medical Center, Rochester, United States: atrial fibrillation
•	 Prof. P. Lancellotti, University of Liège, Liège, Belgium: aortic valve disease
•	 Prof. H. Schäfers, Saarland University Medical Center, Homburg, Germany: mitral valve disease
•	 Prof. P.Sergeant, University Hospital Leuven, Leuven, Belgium: coronary artery disease
•	 Prof. G. Stone, Columbia University Medical Center, New York, United States: coronary artery 

disease
•	 Prof. H. Treede, Universitty Heart Center Hambyrg, Hamburg, Germany: aortic valve disease
•	 Prof. T. Walther, Kerckhoff-Klinik, Bad Nauheim, Germany: aortic valve disease
•	 Prof. T. Weimar, Sana Heart Surgery Clinic Stuttgart, Stuttgart, Germany: atrial fibrillation
•	 Prof. W. Wijns, Onze Lieve Vrouwe Hospital Aalst, Aalst, The Netherlands: coronary artery 

disease
•	 Prof. P. Zamorano, University Hospital Ramon y Cajal, Madrid, Spain: aortic valve disease

Statistical council

•	 Prof. S. Paddock, Pardee RAND Graduate School, Santa Monica, United States
•	 Prof. S. Normand, Harvard Medical School, Boston, United States
•	 Prof. E. Steyerberg, Leiden University Medical Center, Rotterdam, The Netherlands
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SUPPLEMENTAL TABLE S2. Definitions of outcome measures and initial conditions

Outcome measure De�nition

30-days mortality All-cause mortality within 30 days (≤ 30 days) after the intervention.
1) yes; 2) no; 3) unknown

120-days mortality All-cause mortality within 120 days (≤ 120 days) after the intervention.
1) yes; 2) no; 3) unknown

1-year mortality All-cause mortality within 1 year (≤ 365 days) after the intervention  or 
start of the conservative treatment.
1) yes; 2) no; 3) unknown

Chest pain Grading of chest pain using the Canadian Cardiovascular Society (CCS) 
scale between 10-14 months after the start of conservative treatment.
1) no chest pain; 2) grade I; 3) grade II; 4) grade III; 5) grade IV; 6) 
unknown

CVA Cerebral Vascular Accident  within 72 hours (≤72 hours) after the 
intervention, diagnosed by a neurologist, excluding Transient Ischemic 
Attacks. 
 1) no CVA; 2) CVA; 3) unknown

Deep sternal wound 
infection

Deep sternal wound infection* within 30 days after the intervention.
 * = infections of the muscle, sternum, or mediastinum (surgical drainage, 
positive wound cultures, and/or antibiotic treatment due to the sternal 
wound)
1) no deep sternal wound infection; 2) deep sternal wound infection; 3) 
unknown

Freedom of coronary 
artery reintervention

Freedom of coronary reintervention (CABG, PCI or CABG/PCI combined 
with another intervention) of the treated artery or any other artery, as 
function of days after the intervention.
Number of days free of coronary artery reintervention

Freedom of MACE Freedom of myocardial infarction, intervention (CABG of PCI) and death 
as function of days after start treatment.
Number of days free of MACE

Freedom of myocardial 
infarction

Freedom of myocardial infarction* as function of days after the 
intervention, including peri-procedural myocardial infarctions
* = definition according to Third universal definition of myocardial 
infarction (2012, Thygesen et al.)
Number of days free of myocardial infarction

Long-term survival (up to 
5 years)

Long-term survival after start of the intervention or start of the 
conservative treatment, with a maximum follow-up of 5 years.
Number of days of survival

Occurrence of myocardial 
infarction

STEMI or non-STEMI within 30 days (≤ 30 days) after the intervention 
or start of the conservative treatment , excluding peri-procedural 
myocardial infarctions*.
* = definition according to Third universal definition of myocardial 
infarction (2012, Thygesen et al.)
1) no myocardial infarction; 2) myocardial infarction; 3) unknown
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SUPPLEMENTAL TABLE S2. Continued

Outcome measure De�nition

Occurrence of TVR Revascularization (defined by both a PCI or CABG intervention) of the 
treated artery (or arteries) within 1 year (≤ 365 days) after the intervention 
, excluding urgent CABG’s ≤ 24 hours.
1) no TVR; 2) TVR; 3) unknown

Surgical reexploration Every rethoracotomy within 30 days (≤ 30 days) after initial closing of the 
thorax (e.g. due to bleeding, cardiac tamponade or cardiac problems).
1) no surgical reexploration; 2) surgical reexploration; 3) unknown

Quality of life Quality of life of the patient measured before (max. 2 months) and after 
the intervention/start treatment (between 10-14 months). Preferably 
measured by using the SF-36-2, the SF-12-2 is also accepted).
Score per dimension

Urgent CABG Urgent CABG within 24 hours (≤ 24 hours) after the intervention as a 
result of acute complications (e.g. tamponade) or ongoing ischemia, 
independent of the treated lesions. 
1) no urgent CABG; 2) urgent CABG; 3) unknown

Initial condition De�nition

Age Age in years at the moment of the start of the intervention/start 
treatment.
Number of years

Cardiogenic shock Shock at the moment of start intervention.
1) no cardiogenic shock; 2) cardiogenic shock; 3) unknown

Chronic total occlusion A chronic total occlusion in at least one of the treated arteries, for which 
the intervention is scheduled.
1) no chronic total occlusion; 2) chronic total occlusion; 3) unknown

Chronic pulmonary 
disease

Diagnosed chronic pulmonary disease prior to the intervention, for 
which prolonged bronchusdilators or steroids are used.
1) no pulmonary disease; 2) pulmonary disease; 3) unknown

Diabetes mellitus Diabetes mellitus type 1 or type 2.
1) no diabetes mellitus; 2) diabetes mellitus; 3) unknown

Gender Gender of the patient.
1) male; 2) female; 3) unknown

Indication PCI The state of the patient at the start of the intervention: 1) elective; 2) 
non-ST-elevation myocardial infarction (NSTEMI) and instable angina 
pectoris; 3) ST-elevation myocardial infarction (STEMI)

Left ventricular function Left ventricular function expressed as ejection fraction 1) EF >50%, 2) EF 
30-50%; 3) EF < 30%;  4) unknown

Logistic EuroSCORE I Last measured logistic EuroSCORE I prior to the intervention.
Logistic EuroSCORE I

Logistic EuroSCORE II Last measured logistic EuroSCORE II prior to the intervention.
Logistic EuroSCORE II

Multivessel disease Multivessel disease at the moment of start intervention.
1) no multivessel disease; 2) multivessel disease; 3) unknown
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SUPPLEMENTAL TABLE S2. Continued

Outcome measure De�nition

Previous CABG Previous CABG (or CABG combined with another intervention) at the 
moment of start intervention throughout entire life. 
1) no previous CABG; 2) previous CABG; 3) unknown

Previous CABG or PCI Previous CABG or PCI (or CABG/PCI combined with other intervention) 
at the moment of start of the conservative treatment   throughout entire 
life.
1) no previous CABG or PCI; 2) previous CABG or PCI; 3) unknown

Previous cardiac surgery Previous cardiac surgery throughout entire life, for which opening of the 
pericardium was needed.
1) No previous cardiac surgery; 2) previous cardiac surgery; 3) unknown

Previous myocardial 
infarction

Previous myocardial infarction*  at the moment of start of the 
intervention or start of the conservative treatment  throughout entire 
life (myocardial infarctions which are the indication for executing the 
intervention are excluded).
* = definition according to Third universal definition of myocardial 
infarction (2012, Thygesen et al.)
1) No previous myocardial infarction; 2) previous myocardial infarction; 3) 
unknown

Resuscitation Resuscitation took place in the period between the start of the 
constraints and prior to the start of the intervention, regardless of the 
location where the resuscitation took place.
0) No resuscitation; 1) resuscitation; 2) unknown

Renal insufficiency Renal insufficiency determined by a decrease in Glomerular Filtration 
Rate (GFR) < 60 ml/min/1.73 m2. The GFR is calculated by using the 
MDRD formula.
1) ≥60 ml/min/1.73 m2;  2) 30-59 ml/min/1.73 m2

 
3) 15-29 ml/min/1.73 m2

 ; 4) <15 ml/min/1.73 m2;  5) unknown

Urgency of the procedure Urgency of the procedure. 
1) Elective;  2) Urgent;  3) Extremely acute;  4) unknown

Note: The categories mentioned in this table can differ slightly from the presented categories in Table 1, as the results in 
table 1 cover the period 2011-2015, while in this table, the most recent version of the standard set (year 2017) is presented.
Abbreviations: CABG=coronary artery bypass grafting;  PCI=percutaneous coronary intervention ; TVR=target vessel 
revascularization

Initial condition
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ABSTRACT

Objectives: Transcatheter aortic valve implantation (TAVI) has evolved from a bail out 
for inoperable patients to an alternative to surgical aortic valve replacement (SAVR) 
in higher risk groups. The study’s objective is to describe these clinical trends in TAVI 
and SAVR in patients with aorta valve disease. 
Method: We analyzed data of the Netherlands Heart Registration 2018 (NHR) to 
explore the trends in TAVI and SAVR among 14 centers in the Netherlands. 
Results: Between 2013 and 2017, a total of 7432 isolated SAVR and 5929 TAVI 
procedures have been performed. A 43.9% increase in the total number of 
procedures was observed, mainly due to the considerable increase in the number 
of TAVI procedures. In 2017, there was a decline in SAVR procedures. In TAVI group, 
procedural mortality, 30-day and 120-day mortality decreased significantly from 2.7%, 
7.2% and 10.6% in 2013 to 1.4%, 3.4% and 5.7% in 2017, respectively. In the SAVR 
group, the 30-day and 120-day mortality decrease from 1.7% and 2.9% in 2013 to 1.2% 
and 1.7% in 2017 respectively. Outcomes showed a significant decrease in vascular 
complications in TAVI. The risk profile of TAVI patients has changed over time.
Conclusion: The developments in TAVI have contributed to the increasing numbers 
of aortic valve interventions in the Netherlands. Mortality rates after SAVR and TAVI 
declined as did the rate of complications after TAVI. Furthermore, a trend towards 
decrease of preoperative risk was observed. 
Keywords: Aortic Valve Disease, Surgical Aorta Valve Replacement (SAVR), 
Transcatheter Aorta Valve Implantation (TAVI), Value-based healthcare.
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INTRODUCTION

Aortic valve disease (AVD) is the leading valvular pathology in the Western World and 
is strongly linked to the phenomenon of an ageing population. [1, 2] The incidence 
of AVD in patients >65 years varies between 2 and 9%. [3-5] Untreated AVD might 
lead to cardiovascular mortality, acute myocardial infarction and congestive heart 
failure. [6-8] Current treatment options and patient outcomes depend on the exact 
valvular pathology. The most frequent native valve disease in Europe is currently 
aortic stenosis (AS), other pathologies include aortic valve insufficiency or combined 
pathology. [9, 10] 

The implantation of a new aortic valve is the only definitive therapy for patients with 
severe AS. Current guidelines recommend aortic valve surgery in all symptomatic 
patients with severe AS or aortic valve insufficiency. Furthermore, asymptomatic 
patients with decreased left ventricular ejection fraction (LVEF) should be referred 
for surgery. [11] Any intervention designed to relieve AS carries the potential of 
benefit and risk. Surgical aortic valve replacement (SAVR can be performed in a 
highly-standardized manner with low perioperative morbidity and mortality and is 
therefore the current treatment option of choice. [12, 13] Surgical substitution of the 
native valve is associated with better prognosis and improved quality of life. SAVR 
is recommended in all patients at low surgical risk (logistic EuroSCORE I < 10%) with 
no other risk factors. [14] In patients who are at increased surgical risk, an increasing 
influence is appointed to the heart team, to decide between SAVR and TAVI based 
on patient’s characteristics.

Recent evolution of treatment modalities has shown a transition from SAVR towards 
TAVI. Several trials showed TAVI to be a safe and viable alternative for patients with 
advanced age, low LVEF and other comorbidity, deemed ineligible for conventional 
cardiac surgery. [15-17] Initially, TAVI was considered an escape strategy for these 
patients. However, with gaining experience and better devices in the transcatheter 
approach, TAVI is now also considered in lower/intermediate risk patients. [18-20] 
Despite being less invasive than SAVR through sternotomy, TAVI remains associated 
with potential serious complications. In comparison with SAVR, the transcatheter 
approach is associated with a higher stroke rate and a higher incidence of heart 
block with the need for permanent pacemaker implantation. [21, 22]

The Netherlands Heart Registration (NHR) is a nationwide multicenter registry of 
cardiac surgeons and cardiologists to improve the quality and transparency of care 
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for patients with heart disease, designed to fulfill the principles of Value-Based 
Healthcare. [23]. Within the NHR, trends, outcomes and patient selection in isolated 
TAVI and SAVR between 2013 and 2017 can be analysed.

METHODS

Study design
The main aim of the NHR is to monitor the current incidence and outcome of a 
plethora of different cardiovascular interventions in daily practice and to evaluate 
safety, effectiveness and quality of life. The registry is driven by quality improvement 
ambitions of the participating hospitals. In total, 14 out of 16 existing Dutch heart 
centers in the Netherlands participated in this registry. The institutional review board 
of the Catharina Hospital and internal board of the NHR waived the need for informed 
consent due to the observational and anonym character.

Outcome selection and data acquistion
Prior to data collection, relevant outcomes were selected using a fixed step-wise 
methodology by an integrated team, consisting of cardiologists and cardiothoracic 
surgeons of the participating heart centers [see supplementary table]. The selected 
outcome measures are maximally patient-oriented and clinically relevant and form 
the basis of transparent reporting. The stepwise methodology resulted in a selection 
of 9 outcome measures for both SAVR and TAVI. A more detailed description about 
the selection and definitions of baseline characteristics and outcome measures has 
been published earlier [24]

Aortic valve disease is defined as a medical condition fulfilling one or more of the 
following criteria:

Aortic stenosis:

•	 Aortic valve area (AVA) of < 1.0 cm2

•	 AVA index of < 0.6 cm2

•	 Mean systolic gradient of > 40 mmHg
•	 Maximum jet velocity of > 4.0 m/s
•	 Speed ratio of < 0.25 
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Aortic insufficiency:

•	 Effective regurgitation area of > 30 m2

•	 Regurgitation volume of > 60 ml/beat

All data is collected by the center performing the initial treatment in compliance with 
data definitions documented by the NHR. Preoperative data is collected from the 
electronic health records of the hospital. Data regarding outcomes occurring after 
patient discharge or in the center of referral is collected by the primary center. Quality 
of life was assessed using the Short Form Health Survey-36 (SF-36; version 2) or the 
Short Form Health Survey-12 (SF-12; version 2) and was conducted 2 months prior to 
intervention and 10-14 months postoperative. Mortality data was obtained by checking 
the regional municipal administration registration. Data verification is accomplished 
by performing outlier analyses. Additionally, an auditing team performed randomly 
on site checks on completeness and the integrity of the data. In 2017, the focus of the 
auditing team was primarily on the TAVI cohorts.

For the TAVI group, mortality data included procedural mortality, 30-day mortality, 
120-day mortality and 1-year mortality For the SAVR group, mortality data included 
30-day mortality, 120-day mortality and 1-year mortality. One-year mortality data was 
not available for the cohorts of 2017.  

Definitions
SAVR is defined as any aortic valve replacement through an open procedure. TAVI 
is defined as any aortic valve intervention by use of a catheter through vascular or 
transapical approach. All patients with TAVI or isolated SAVR between 1 January 2013 
and 1 January 2018 were included. 

Baseline demographic data included age, sex, logistic European System for 
Cardiac Operative Risk Evaluation (log EuroSCORE I). Data was also collected on 
previous cardiac surgery, prior cardiovascular accident (CVA), endocarditis and co-
morbidities such as diabetes mellitus (oral therapy or insulin dependent diabetes) , 
chronic obstructive pulmonary disease (COPD) (prolonged use of steroids or other 
lung medication), renal disease (a reduced renal function prior to surgery with an 
estimated Glomerular Filtration Rate (eGFR) <60 ml/min/1.73 m²), and left ventricular 
ejection fraction (LVEF): good >50%, moderate 30–50% or poor <30%). 
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Based on logistic EuroSCORE I, patients were allocated into 3 groups, low risk 
(logistic EuroSCORE I < 10), intermediate risk (logistic EuroSCORE I 10-20) and high 
risk (logistic EuroSCORE I > 20). 

Outcome measures include mortality, postoperative complications including surgical 
re-exploration within 30 days after intervention, deep sternal wound infection within 
30 days, CVA within 72 hours, vascular complications within 30 days, pacemaker 
implantation within 30 days and valve re-intervention during follow-up. 

Statistical analysis 
Characteristics of patients are presented as absolute numbers and percentages. 
Outcomes were analyzed using multivariable logistic regression analyses with risk 
adjustment for the selected patient characteristics, using 2013 as the reference year. 
All data were analyzed using SPSS version 23.0 (IBM Corp. Released 2015. IBM SPSS 
Statistics for Windows, Version 23.0. Armonk, NY).

RESULTS

Table 1 shows the baseline characteristics of both groups. The study included 7432 
patients undergoing SAVR and 5929 TAVI patients. Overall, a 43.9% increase in the 
total number of aortic valve procedures was observed from 2174 procedures in 2013 
to 3128 procedures in 2017 (Figure 1). This increase is mainly associated with the 
growth (161%) of the total number of the TAVI procedures. In 2017, there was a slight 
decline in SAVR (from 1505 in 2013 to 1380 in 2017). 

Risk profile 
At baseline, patients in the TAVI group had higher mean logistic EuroSCORE I, 
compared to the SAVR group (Figure 2). In both groups, a trend towards a decrease 
of risk profile of patients was observed. In  the SAVR group, the median EuroSCORE 
decreased from 5.4 (3.1-9.0) in 2013 to 4.6 (2.9-7.3) in 2017. In the TAVI group, the 
median EuroSCORE decreased from 16.5 (11.0-25.5) in 2013 to 12.3 (8.4-19.4) in 2017. 
Most patients referred for TAVI (~82%) were older than 74 years (Table1). However, a 
slight decrease in the number of patients older than 85 years (from 26.6%to 24.7%) 
as well as a decrease of patients with a low left ventricular ejection fraction <30% 
from 9.2% to 6.6% was seen. Patient selection for TAVI showed a decrease in very 
high risk patients (logistic EuroSCORE I > 20) , from 38.3% in 2013 to 24.4% in 2017. 
Additionally, an increase in TAVI patients with a lower risk (logistic EuroSCORE I < 10), 
from 18.2% in 2013 to 32.5% in 2017 was found. In SAVR group, a decrease in the 
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number of patients with a logistic EuroSCORE I >10- <20 and a significant reduction  
in the percentage of patients over 80 years old (from 14,3% to 7%) was observed.  
No other significant changes in parameters contributing to the EuroSCORE were 
observed (Table 1). 
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FIGURE 1. Total number of patients undergoing SAVR and TAVI per year of the registry period.
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FIGURE 2. Logistic EuroSCORE for both groups per year of the registry
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DISCUSSION

This study describes the most recent trends in TAVI and SAVR in 14 cardiac centers 
in the Netherlands. Between 2013 and 2017, an increase in the total number of aortic 
valve procedures was observed, apparently due to an increase in the number of 
TAVI procedures performed. Similar to earlier studies [25,26] this study shows an 
increase in the total number of patients treated for aortic valve disease, caused by an 
increase of the number of TAVI’s and a stable number of SAVR until 2016. In 2017, the 
increase in the number of TAVI’s continues and a decrease in the number of SAVR 
is observed. 

The early mortality rates of TAVI patients decreased significantly. This trend was also 
observed in SAVR patients. Furthermore, perioperative complications in TAVI patients 
significantly decreased with an increasing number of TAVI procedures performed. 
In both groups, a trend towards decrease of risk was observed with less patients 
with logistic EuroSCORE I > 20. Both treatments showed an increased physical and 
mental health 1 year after the intervention.

A substantial group of patients used to be denied for surgery because the operative 
risk was deemed prohibitively high, owing to comorbidities. [27] As TAVI was primarily 
introduced for these inoperable patients, an increase in the total number of patients 
treated was expected. Furthermore, SAVR has shown to be effective in reducing 
all-cause mortality in patients with AS, compared with the best medical therapy. 
Increased awareness from general practitioners and referring cardiologists might be 
an explanation for the increase in the total number of patients being treated as it was 
undertreated until 2009 [28]

During the observed period complication rates of TAVI patients have rapidly declined, 
but are still higher than in the SAVR group such as the need for a pacemaker and 
CVA. The reasons for improved outcomes are probably multifactorial and include 
more strategic patient selection, better preoperative planning, increased operator 
experience, improved delivery systems, better facilitated postoperative care, the 
use of rapid deployment valves [29], mini-extracorporeal perfusion systems, and the 
increasing use of biological prosthesis in the SAVR group Reducing postoperative 
complications in TAVI patients will be a pre-condition for adaptation of TAVI in lower 
risk patients, as SAVR nowadays can be performed with low perioperative morbidity 
and mortality [30].
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It is conceivable that the decrease of the percentage of patients with an EuroSCORE 
10-20 in the SAVR group is mainly caused by the observed transfer of higher aged 
patients from SAVR to TAVI treatment since higher age is an important factor in the 
EuroSCORE1 contributor to the log EuroSCORE 1. In the TAVI group, the trend towards 
a decrease of the average EuroSCORE 1 is due to the decrease in percentage of 
patients older than 85 years old and  the percentage of patients with a low left 
ventricular ejection fraction ( EuroSCORE 1 <30%) and the increase in lower risk 
(EuroSCORE 1 <10%) patients. A similar pattern has been observed in the evolution 
of average risk profiles of patients described in the PARTNER [31,32] and SURTAVI 
[33] trials.

Although the mean EuroSCORE 1 in the TAVI group declined from 16.5% to 12.3%, the 
average EuroSCORE 1 in the TAVI-group remains statistically significant higher than 
the average EuroSCORE 1 in the SAVR group, indicating an important difference in 
risk profiles between both groups. To illustrate this risk: the average patient treated 
with TAVI in 2017 in this study has an EuroSCORE 1 of 12.3%, this is a patient of 79 
years old with a moderate left ventricular function and previous cardiac surgery. This 
is still a high risk patient for surgery.

This registry represents real-life, unbiased data, from 14 cardiac centers in the 
Netherlands. The registry allows to observe the implementation of new techniques 
in daily practice, which might be different from patterns shown in randomized trails 
or observational studies. A national benchmarking initiative can support quality 
assurance and improvement on a hospital level, by analyzing risk-corrected 
outcomes between hospital [24]. Additionally, the registry allowed to observe trends, 
that will not always be visible at a hospital level. These trends may be of importance 
to physicians and policy makers in healthcare. Most of all, transparent reporting of 
outcomes is known to contribute to quality improvement. [34] 

Limitations
The current study does have some limitations. It was not designed to differentiate 
between different vascular approaches and different valve types used for TAVI. 
Furthermore, the study was not adjusted for any difference in experience with TAVI 
between the different centers. Our objective was to present the unbiased trends and 
outcomes of TAVI in comparison with SAVR in the Netherlands. Some variables and 
outcome measures were not delivered by a few centers.

Currently, there is increasingly interest in SAVR through a mini-sternotomy. This 
study did not differentiate between the approaches used in SAVR. Therefore, the 
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results could be influenced by early experience in minimally-invasive SAVR. Also, 
the incidence of patients suffering from AVD and coronary artery disease might be 
higher in the TAVI-group, as patients treated with PCI in the same period of time were 
not excluded in both groups.

Despite the data-quality management system implemented by the NHR, data quality 
may vary between different hospitals. Data collected from daily practice is inevitably 
subjected to missing values and differences in interpretations.. However, the specific 
audits on patient data contributes to a high data quality and accuracy in this study.

In the observations of the quality of life outcomes, the limited number of TAVI patients 
that are included needs to be taken into account.

Conclusion
In percentage of, the use of TAVI considerably increased, and has overtaken SAVR 
for the treatment of AVD in the Netherlands. Importantly, the early mortality rates 
have decreased in both SAVR and TAVI. Also, morbidity rates after TAVI are rapidly 
declining. Mortality- and complication-rates are higher in TAVI, as is the risk profile 
of patients.  Furthermore, a trend towards  decrease of risk profile of patients was 
observed in both groups mostly by the shift of high age patients from SAVR to TAVI. 

So one may conclude that the choice for each treatment option has matured in time 
and consequently the outcome of the whole group of patients treated for aortic valve 
disease improved over the years. This results in more patients being referred for a 
tailored choice for treatment by SAVR or TAVI.
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SUPPLEMENTARY TABLE. List of the cardiac centers participating in the registry with the 
names of the representing cardiac surgeons and cardiologists.

Hospital
Cardiac surgery
committee

THI
committee

Academic Medical Center W.J. van Boven M.M. Vis

Maastricht University Medical Center P. Segers S. Kats

Amphia Hospital S. Bramer J. Vos

Catharina Hospital B.M.J.A. Koene W.A.L. Tonino

Erasmus Medical Center J.A. Bekkers J.A. Bekkers

Haga Hospital G. Hoohenkerk C.E. Schotborgh

Isala Clinic A.L.P. Markou V. Roolvink

Leiden University Medical Center  T.J. van Brakel F. van der Kley

Medical center Leeuwarden F. Porta F. Porta

Medical Spectrum Twente R. Speekenbrink M.G. Stoel

OLVG Amsterdam W. Stooker G. Amoroso

Sint Antonius Hospital E. Daeter J. ten Berg

Radboud  University Medical Center M. Verkroost H.R. Gehlmann

University Medical Center Utrecht N.P. van der Kaaij P.R. Stella

University Medical Center Groningen G. Mecozzi H.W. van der Werf

VU Medical Center E.K. Jansen J. Lemkes

THI, Transcatheter Heartvalve Interventions
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ABSTRACT

Aims: Fourteen Dutch heart centers collected patient-relevant outcomes to support 
quality improvements in a value-based health care initiative that began in 2012. This 
study aimed to evaluate the current state of outcome-based quality improvement 
within six of these Dutch heart centers. 

Methods and results: Interviews and questionnaires among physicians and 
health care professionals in the heart centers were combined in a mixed-methods 
approach. The analysis indicates that the predominant focus of the heart centers 
is on the actual monitoring of outcomes, and that a systematic approach for the 
identification of improvement potential and the selection and implementation of 
improvement initiatives is lacking. The organizational context for outcome-based 
quality improvement is similar in the six heart centers.

Conclusion: Although these heart centers in the Netherlands measure health 
outcomes for the majority of cardiac diseases, the actual use of these outcomes to 
improve quality of care remains limited. The main barriers are limitations regarding 
1) data infrastructure, 2) a systematic approach for the identification of improvement 
potential and the selection and implementation of improvement initiatives, 3) 
governance in which roles and responsibilities of physicians regarding outcome 
improvement are formalized, and 4) implementation of outcomes within hospital 
strategy, policy documents and the planning & control cycle.
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INTRODUCTION

Internationally, healthcare providers are transforming into more value-driven care 
organizations with the implementation of value-based health care (VBHC). [1] The first 
step in implementing VBHC is to measure and improve outcomes. [1] To support 
outcome measurement, several standard sets of outcome measures have been 
developed in recent years. [2-5] However, little is known on how to use these insights 
into outcomes to drive improvement of patient value. [6]

In 2012 a VBHC project was initiated for cardiac diseases in the Netherlands leading 
to publications of patient-relevant outcomes, including short and long-term survival, 
complications, re-operations and quality of life. [7, 8] By 2016, 19 hospitals had 
voluntarily joined this initiative. In 2017 the Netherlands Heart Registration (NHR) 
was founded, merging this initiative with the national registries of cardiology and 
cardiothoracic surgery. The annual public report in 2018 included outcomes of 
different treatment options for coronary artery disease, aortic valve disease, atrial 
fibrillation and mitral valve disease, containing data for approximately 80,000 new 
patients annually. [9, 10]

Public benchmarking of outcomes has led to several improvement initiatives. [11-
13] However, the structural embedment of outcomes within the organization and 
in quality management programs is a prerequisite for long-term successful quality 
improvement. [14-16]

In order to evaluate the current state of outcome-based quality improvement, a 
study was initiated in six of these Dutch heart centers. The focus was twofold: firstly, 
we looked at how insights into outcomes drive quality-improvement initiatives and, 
secondly, how outcome-based quality improvement is embedded in the organization. 

METHODS

Framework
Two models were used to study outcome-based quality improvement in the six 
heart centers. The outcome-based improvement cycle (left part of Fig. 1) was used to 
investigate how insight into health outcomes drives quality improvement initiatives. 
This model is related to the PDSA model, which is explained in Table S1. [17] The 7S 
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managers of the heart center (medical and non-medical), and a data analyst. The 
questionnaire was based on the models and steps shown in Fig. 1 [see Table S2]. 
[18] In total, 42 detailed questions were posed in the steps of the combined model. 

The questionnaire was sent to each center using an online survey tool. The group 
members of each heart center filled out the questionnaire together. For each 
heart center, 6-8 separate interviews were conducted. In addition to the selected 
participants, a member of the hospital board of directors was also interviewed. In 
total 41 semi-structured interviews were conducted of approximately 45-60 minutes 
each. An interview guide was used, based on the model in Exhibit 1. For each of the 
themes in the model, open questions were developed and probing questions were 
asked to obtain more detailed information. [18]    

The interviews were conducted face to face by two researchers. Both researchers 
participated in each interview. For each of the interviews, detailed minutes were 
taken by the two researchers independently. The minutes were coded and analyzed 
in Atlas.ti 8.2 using a thematic analysis with a deductive approach. [19] The study 
results are presented as a list of themes in which the findings from the interviews and 
the questionnaires are combined. Triangulation of the two data sources across the 
identified themes was conducted to demonstrate alignment or consistency between 
the sources. 

RESULTS

The main results of this study are presented in Table 1, categorized within the 4 steps 
of the outcomes-based improvement cycle and the 7 elements of the organizational 
context.

Outcome-based improvement cycle
The predominant focus of the heart centers is on the monitoring of outcomes (Step 
1). A systematic approach for the identification of improvement potential, and the 
selection and implementation of improvement initiatives is lacking (Steps 2-4). 
Physicians explicitly mentioned that they struggle with this. For example, one center 
had a significantly higher rate of wound infections compared to the national average. 
The urgency to improve was felt, but the cause of the poor performance was not 
identified and a systematic approach toward improvement was lacking. 
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TABLE 1. Status of implementation of outcome-based improvement within six Dutch heart 
centers. 

Outcomes-based 
improvement 
cycle Themes

1. Monitoring 
outcomes

a.	 Monitoring of outcomes is more developed within cardiothoracic surgery , 
compared  to cardiology (more data, more  frequent discussions, use of more 
advanced data analysis).

b.	 Focus is on hard clinical outcomes. Insight in and use of PROMs including 
Quality of Life is limited.

c.	 Interpretation of outcome data is mainly an activity initiated by individual 
physicians.

d.	 Outcomes are typically monitored and discussed in between quarterly and 
annually for the majority of heart diseases.

e.	 The national benchmarking systems are the main tools for monitoring 
outcomes.

f.	 Continuous real-time insight in and monitoring of outcomes has not been 
realized.

2. Identification 
improvement 
potential

a.	 No targets are set on available outcome measures.
b.	 Performance on outcomes only leads to improvement initiatives if the 

hospital significantly underperforms with respect to the average in a national 
benchmark (after risk correction) or if a negative trend in time is observed.

c.	 Differences in outcomes between individual surgeons are monitored 
and discussed. Within some centers this performance is part of a formal 
assessment of individual surgeons.

d.	 Several outcome measures have been selected where the heart centers aim 
to improve.

e.	 The outcome reports in 2015 and 2016 have led to 1-4 improvement initiatives 
per hospital.

f.	 Improvement projects are more often driven by incidents, calamities, and 
complication meetings (i.e. related to individual patients) and not by outcome 
reports (i.e. related to performance for all patients with a specific medical 
condition).

3. Selection of 
improvement 
initiatives

a.	 A systematic approach (method) to select improvement initiatives is lacking.
b.	 No standard organizational structure exists for improvement projects.
c.	 Improvement initiatives are mostly ad-hoc.
d.	 Improvement initiatives are mostly based on internal analyses. Outcome 

performance or benchmarking hardly ever leads to hospitals contacting each 
other to learn from one another.

e.	 Outcome reports lead to additional in depth data analyses.

4. Implementation  
improvement 
initiatives

a.	 A systematic approach to implement and evaluate improvement 
initiatives is lacking.
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TABLE 1. Continued.

Organizational 
context Themes

1. Strategy a.	 Quality is often part of key elements in the defined strategy.
b.	 Quality is often not well defined and is limited to high level definitions in the 

strategy.
c.	 Outcome performance hardly plays a role in the strategy and yearly policy  

documents.
d.	 Steering on required quality indicators (e.g. by the Health Care Inspectorate) 

and steering on outcomes at medical condition level are often separate 
worlds (discussed, analyzed and reported in different meetings at different 
levels in the organization).

e.	 In some hospitals physician income has been coupled for a small percentage 
to steering on outcomes (e.g. participation in VBHC projects).

2. Governance a.	 The initiative for measuring and improving outcomes comes from physicians. 
Hospital management supports this trend, but does not initiate this. 

b.	 The heart centers have a multidisciplinary organizational structure.  However 
quality improvement and steering on outcomes is dominantly organized 
within the individual specialties. 

c.	 Multidisciplinary meetings are organized to discuss outcomes.
d.	 Clinical outcomes are only discussed within the hospital and not with GPs or 

referring hospitals. Nurses and patients are not involved in discussing clinical 
outcomes.

e.	 Roles and responsibilities  regarding outcome performance have not been 
formalized.

f.	 Reporting and discussion of outcomes at the level of the board of directors 
is limited and focuses on general outcomes (HSMR, complications) that 
are required by external parties (Such as the Health Care Inspectorate). 
Outcomes at the medical condition level remain most of the time at lower 
levels in the organization.

3. Culture a.	 A culture exists to openly discuss outcomes within each specialty. Much less 
openness exists to discuss outcomes between specialties. 

b.	 A culture exists to continuously improve health care.
c.	 It is unclear whether strong support for outcomes-based quality improvement 

exists. Opinions on this highly differ within and between individual hospitals.
d.	 A large group of healthcare professionals are not actively informed on the 

outcomes and are not involved in discussions of the outcome data (physicians 
and nurses).

4. Leadership a.	 Strong medical leadership to develop the outcomes-based quality 
improvement cycle exists within the centers.   
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TABLE 1. Continued.

Organizational 
context Themes

5. Infrastructure a.	 Data infrastructure, data management and acquiring high quality data is seen 
as one of the largest barriers to realize outcome based improvements.

b.	 Structural out-of hospital follow up data collection processes are under 
construction.

c.	 Extraction and visualization of outcomes require significant man hours (BI, 
data-analysts), this is not automated and data comes from several different 
sources.

d.	 Hospitals are working on the development of quality dashboards. Dashboards 
exist in some hospitals, but in all hospitals this is work in progress.

e.	 Most hospitals recently transitioned to a new Electronic Hospital Record (EPIC 
or HiX) or were planning to do so. Most hospitals are experiencing difficulty 
in this transition phase in extraction data needed to calculate and report on 
outcomes. 

6. Staff a.	 Physicians  have no or limited dedicated time to discuss and analyze outcome 
data (evening hours).

7. Skills a.	 The basic expertise to measure and analyze outcome data is available.
b.	 In some hospitals physicians have received training in VBHC and/or steering 

on outcomes.

Benchmarking of outcomes with other hospitals in the yearly NHR reports is the 
dominant manner in which outcomes are used to identify improvement potential. 
Typically, only being a statistically significant outlier with respect to the national 
average leads to improvement initiatives. In general, improvement initiatives arise 
more often from incidents, calamities and complication meetings than from monitoring 
of outcomes. 

Organizational context (1): Strategy
Quality performance and improvement was mentioned by all participants as part of 
the hospital strategy. However, none of the centers has defined measurable goals, 
and outcome performance does not play a significant role in the planning and 
control cycle. Steering on mandatory quality indicators, as required by the Health 
Care Inspectorate or health insurance companies, takes precedence over steering 
on outcomes at the medical condition level. The centers differ in their approach to 
using outcome measures in their strategy. One center states endeavors to monitor 
outcomes for all cardiac care and to achieve steady annual improvements in outcome 
measures. Another center defined focus areas (i.e., aortic valve disease) in which 
the center aims to outperform with respect to the top five in a national benchmark 
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on a number of specific outcome measures. A third center aspires to monitor 
outcomes without setting targets on the outcomes themselves but instead on the 
implementation of outcome-based improvement initiatives as a process measure.

Organizational context (2): Governance
Independent of whether the physicians are employees or organized in physicians 
units, the roles and responsibilities regarding outcome performance have yet to be 
formalized. Outcome performance and improvement is partially discussed within 
specialties (the doctor’s unit ‘cardiothoracic surgery’), partially appropriated by initiatives 
from individual physicians and partially in project teams (e.g., anesthesiologists, 
cardiologists, and cardiothoracic surgeons within a multidisciplinary team on quality 
improvement). Physicians taking initiative either individually or within project teams 
generally do not enjoy a formal mandate within the organization. However, in most 
centers in-hospital multidisciplinary meetings are organized to discuss outcomes. 
Referring cardiologists, nurses or general practitioners are not involved, leaving part 
of the cycle of care uncovered. 

Organizational context (3): Culture
A culture exists to openly discuss outcomes within each specialty, but less openness 
exists to discuss outcomes in a multidisciplinary setting. Although the culture within 
the six hospitals seems to support continuous quality improvement, it is unclear 
whether strong support for outcome-based quality improvement exists. Opinions on 
this differ greatly within and between the six hospitals. A large group of healthcare 
professionals (including both physicians and nurses) is not actively informed on the 
outcomes and is not involved in discussions of the outcome data.

Organizational context (4): Leadership
Strong medical leadership is reported to exist within the heart centers. Each of the 
heart centers has one or more cardiologists or cardiothoracic surgeons who are 
active in outcome measurement, data analysis and outcome improvement initiatives. 
However, these physicians are not always in formal leadership positions. 

Organizational context (5): Infrastructure
Insufficient data infrastructure, data management and data quality are seen as the 
largest barriers to realizing outcome-based improvements. In this phase, resources 
are invested in solving this problem. All heart centers expressed the ambition to 
realize automatic extraction of data, automatic visualization of outcome measures 

d.vanveghel-layout.indd   123 18/06/2019   23:11



124

Chapter 6

- including PROMs - and real-time insight into outcomes. None of the heart centers 
have realized this yet, partly due to the introduction of the new Electronic Health 
Records. 

Organizational context (6): Staffing
Most heart centers mentioned time of physicians as an important resource to realize 
outcome-based quality improvement. However, most centers do not have dedicated 
time available for physicians to work on outcome analysis and outcome-based 
improvement initiatives. 

Organizational context (7): Skills 
All hospitals have access to data analysts and epidemiologists to extract and analyze 
outcome data. Some hospitals had specifically trained members of their staff with 
regard to VBHC and/or steering on outcomes. 

DISCUSSION

The results show that, with regard to outcome-based quality improvement and 
VBHC, the focus of the heart centers is on collecting data and monitoring the 
outcomes. The actual use of outcomes to improve quality of care is limited. However, 
the interviewees - both physicians and non-medical management - expressed the 
ambition to realize an outcome-based quality improvement cycle. There are several 
barriers to realizing this. 

First, insufficient data infrastructure is mentioned as the main barrier to successful 
outcome-based quality improvement. This barrier is widely recognized in the VBHC 
community; developments in this area are ongoing and improvements can be 
expected in the coming years. [20] 

A second significant barrier seems to be that the lack of a systematic approach to 
identifying and implementing improvement initiatives. According to Porter, measuring 
outcomes is an essential step in implementing VBHC. [1] However, VBHC does not 
give any guidance on how to use outcome measurement as a starting point for 
quality improvement. Benchmarking of outcomes is suggested, but how this supports 
improvement projects in practice remains unclear. [12] Sound methodology is needed 
in the hospitals  with regard to the interpretation of differences in outcomes (i.e., when 
is a difference relevant and should a project to improve be initiated) and the research 
and selection of changes in processes in healthcare to improve the outcomes. 
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The third barrier concerns governance. The roles and responsibilities regarding 
outcome improvement are not yet formalized. Clear roles and responsibilities 
are often mentioned as preconditions for successful quality improvement and 
implementation of PDSA cycles. [21, 22] This may require only minor efforts, as 
outcome monitoring for quality improvement is relatively new and the physicians 
taking on this challenge are not always in formal leadership positions. However, a 
more fundamental issue seems to be that outcome measures are defined for medical 
conditions (e.g., coronary artery disease) and several specialties are involved in and 
responsible for these outcomes. This is where the implementation of outcome-based 
quality improvement directly relates to Porter’s work on VBHC and his proposal to 
organize care in Integrated Practice Units. [1] The heart centers currently seem to 
be characterized by cooperation between disciplines, but not full integration and 
multidisciplinary steering on outcomes covering the full cycle of care. Specialties 
within the heart centers are moving towards more integration, openness and 
standardization of quality management. However, it is not yet clear whether IPUs 
are needed to realize successful outcome-based quality improvement, and to 
what extent involvement of other healthcare providers (e.g. general practitioners) is 
essential. 

A fourth barrier is the lack of the implementation of outcomes within the hospital 
strategy, policy documents, and planning & control cycle. This is not yet realized 
as the focus is mainly on mandatory process or structure indicators from the 
Health Care Inspectorate or health insurance companies. Apart from the task of 
implementing outcome measures in dashboards, performance reports, annual plans 
etc., the implementation of outcomes in the hospital’s strategy will require a shift in 
thinking for most hospitals. The study shows that typically hospitals initiate quality 
improvement efforts when they do not reach a certain norm. This norm is determined 
by external stakeholders, such as the inspectorate. However, with the growing focus 
on outcome measures, hospitals seem to be moving from using quality measures in 
a reactive manner to a situation where outcome measures are used to set internally 
defined quality targets. 

Little research has been conducted on how to use outcome measures as part of 
effective quality improvement in hospitals. Earlier research indicates that providing 
feedback on health outcomes at the level of the team involved in care delivery for a 
medical condition is important. [14, 23] The first publications on VBHC implementation 
indicate that comparing outcomes between institutes helps centers identify 
improvement potential. Defining concrete goals on outcomes as a part of the hospital 
strategy might support this. However, the most difficult step seems to be identifying 
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what should be changed in the care delivery process to improve outcomes. One 
approach is to use the available data to directly identify and prove the cause for 
worse (or better) performance in outcomes. This is perhaps the ideal approach, and 
it is used for instance at the Martini Klinik. [15] However, so far few such examples 
are available and in many cases this is not possible due to limited statistical power 
(smaller patient groups) or a simple lack of data. Moreover, evaluation of outcomes 
at the level of individual patient files is an often used methodology. Observations in 
Dutch cardiac care suggest that this strategy rarely leads to initiation of improvement 
projects, as negative outcomes can often be explained or are acceptable due to 
conditions of the patient. Experience in Dutch cardiac care seems to indicate that a 
more viable approach is data-driven selection and testing of good practices. [12, 13] 
Here, outcome data and process analyses are used to define hypotheses regarding 
their interrelation. In parallel, discussions between healthcare professionals of these 
centers in combination with literature review etc. are used to formulate and evaluate 
improvement projects. 

Limitations
This study has a number of limitations. First, the aim of this study was to attain insight 
into the current state of outcome-based quality improvement in cardiac patient care in 
the Netherlands. However, the six centers that participated in the study volunteered 
to do so and might therefore not be representative due to potential positive bias 
towards the subject matter. Second, the work culture in participating centers was 
only assessed by interviews and questionnaires, none of which were anonymous. 
More specific and anonymous questionnaires regarding the culture in these centers 
may be warranted in the future. 

CONCLUSIONS

Even though heart centers in the Netherlands are measuring health outcomes for the 
majority of cardiac diseases, the actual use of these outcomes to improve quality of 
care remains limited. Defining goals and outcomes and adopting a methodology for 
selecting improvement projects seem to be important next steps. 
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TABLE S1 - Relation between the PDSA-cycle and the outcomes-based quality improvement 
cycle

Steps PDSA
Deming (1993) Description

Steps outcomes-
based quality 
improvement cycle Description

Plan Plan a change or test aimed 
at improvement

Monitor outcomes Continuously monitor a 
standard set of patient 
relevant health outcomes 
(Plan - 1)

Identification 
improvement 
potential

Identify for which outcomes 
improvements are possible 
and desired (Plan – 2)

Selection  
improvement 
initiatives

Determine which changes in 
the process or structure of 
care delivery have highest 
impact on the outcomes 
identified in step 2. (Plan – 3)

Do Carry out the change or test Implementation 
improvement 
initiatives

Implement the improvement 
initiative (Do). Including 
evaluation (Study) and 
adopting the change or 
abandoning it (Act)

Study The results –what did we 
learn? What went wrong?

Act Adopt the change or 
abandon it, or run through the 
cycle again.
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TABLE S2: Questionnaire used to assess the state of outcomes-based quality improvement in heart center

No Questions Answer options Results

1. Monitoring outcomes

1 How frequent are health outcomes measured and 
discussed within the heart center? (for one or more 
medical conditions) 

Not 0.0%

Less than once a year 0.0%

Once a year 16.7%

Between once a year and quarterly 33.3%

Quarterly 33.3%

Between quarterly and monthly 0.0%

Monthly 16.7%

More often than monthly 0.0%

2 Which specialties are involved in the periodic 
measurement and discussions of health outcomes (in 
joint or separate meetings). More than one answer 
possible

Cardiology 100.0%

Thoracic surgery 100.0%

Electrophysiology 83.3%

Anesthesiology 50.0%

These meetings do not take place 0.0%

3 How many physicians take active knowledge of the 
health outcomes of your hospital (for instance through 
meetings in which the annually reported outcomes are 
discussed)?

0 0.0%

1 0.0%

2-5 50.0%

10-20 16.7%

More than 20 33.3%

4 At what level within the organization and/or care chain 
are health outcomes discussed? (more than one answer 
possible)

Not 0.0%

Among physicians (doctor’s units, departments) 100.0%

Nursing ward 16.7%

Hospital management 83.3%

Medical board 33.3%

Board of directors 83.3%

General practitioner 0.0%

Referring hospitals 66.7%

5 Are quality dashboards (or other tools) used to monitor 
outcomes of heart care?

Yes 50.0%

No 50.0%

2. Identi�cation improvement potential

6 When do outcome reports (such as national 
benchmarks) lead to improvement initiatives within your 
hospital? (more than one answer possible)

Never 0.0%

Only when the hospital is performing significantly 
worse than the average of other hospitals

50.0%

When the report leads to clinically relevant insights 
that can be starting point for improvements (for 
instance a negative trend in the data or performance 
of subgroups within the patient population)

50.0%

When one or more (other) hospitals are performing 
significantly better than average

16.7%

Other (please specify) 0.0%
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TABLE S2: Continued

No Questions Answer options Results

7 Does the heart center look at trends in the data  on 
health outcomes periodically (based on all available 
tables, figures, etc.)?

No 16.7%

No, only the comparison between centers is looked at 
(using funnel plots)

16.7%

Partially, the comparison between center and 
dependencies of outcomes on risk factors is looked at

50.0%

Yes, all figures and tables available are looked at 16.7%

8 Have targets been set for all outcome measures 
provided in outcome reports (e.g., 30-day mortality < 
0.5%)?

No 83.3%

Yes, for one or some outcome measures for all heart 
care provided by the heart center.

16.7%

Yes, for one or some outcome measures for each 
of the medical conditions for which outcomes 
are available (e.g., coronary artery disease, atrial 
fibrillation)

0.0%

Yes, for all outcome measures 0.0%

9 Have outcome measures been selected for which 
improvement are to be realized (with or without actual 
measurement of these outcomes; more than one 
answer possible)

No 16.7%

Yes, for 1-5 outcome measures for all heart care 
provided by the heart center. 

16.7%

Yes, for one or some outcome measures for each of 
the medical conditions for which outcome reports 
are available (e.g., coronary artery disease, atrial 
fibrillation)

66.7%

Yes, for more than 5 outcome measures for all heart 
care provided by the heart center.

0.0%

Yes, for all outcome measures for which outcome 
reports are available.

0.0%

3. Selection improvement initiatives

10 How many improvement initiatives has monitoring of 
outcomes resulted in, in 2015 and 2016? 

None 16.7%

1 33.3%

2-4 50.0%

5 or more 0.0%

11 How many improvement initiatives have been started in 
2015 and 2016 for which it is expected that this will lead 
to better health outcomes (independent of the fact if this 
was triggered by outcome reports)?

None 16.7%

1 33.3%

2-3 33.3%

4 or more 16.7%

12 Is a standard methodology used to select improvement 
initiatives (with impact on outcomes)?

Yes 16.7%

No 83.3%

13 When reported outcomes are such that further action 
is required, who is in charge to act in order to execute 
further analyses and suggest improvement initiatives? 
(more than one answer possible)

There is no approach for this 0.0%

This is determined ad-hoc 33.3%

A team meeting 33.3%

Small improvement teams 66.7%

Depending on the topic one of the physicians takes 
the lead

66.7%

A specific physician is always in charge 0.0%

Other (please specify) 16.7%
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TABLE S2: Continued

No Questions Answer options Results

14 Have additional data analyses been performed in 
2015 or 2016 based on the outcome reports? (aiming 
to better understand results and possibly to suggest 
improvement initiatives)

No 16.7%

Yes, 1 33.3%

Yes,2-4 50.0%

Yes, 5 or more 0.0%

15 Have analyses been performed in 2015 to detect 
differences in performance between physicians?

No 50.0%

Yes, 1 33.3%

Yes, 2-4 16.7%

Yes, 5 or more 0.0%

16 Did the outcome reports or meetings in which outcomes 
were discussed lead to contacting other hospitals (to 
learn from potential good practices)?

No 66.7%

Yes, for 1 topic 33.3%

Yes, for 2 or more topics 0.0%

17 How many improvement initiatives that focus on 
outcomes of care of other hospitals have you 
implemented in your heart center?

None 50.0%

1 50.0%

2-4 0.0%

5 or more 0.0%

4. Implementation improvement initiatives

18 Is it standard practice to monitor the implementation 
of improvement initiatives? (e.g., do you check if 
improvements are implemented correctly and for all 
eligible patients?)

No, never 33.3%

No, most of the time not 33.3%

Yes, most of the time 33.3%

Yes, always 0.0%

19 Is the effect of improvement initiatives monitored? 
(impact on outcomes or intermediate outcomes) 

No 33.3%

Yes, annually using the outcome reports 33.3%

Yes, more often than annually, during regular team 
meetings.

33.3%

20 Do you have evaluation moments at which point you 
decide to continue the initiative or not?

No, never 16.7%

No, most of the time not 50.0%

Yes, most of the time 33.3%

Yes, always 0.0%

21 Did any improvement initiatives triggered by outcome 
reports result in scientific publications?

No 83.3%

Yes, 1x 0.0%

Yes, 2-4x 16.7%

Yes, 5x or more often 0.0%

1. Strategy

22 To what extent is measuring and improving outcomes 
using outcome measures part of the strategy and 
annual plans of the heart center?

The heart center is now mainly focusing on 
registration of outcome measures

83.3%

The heart center has set clear targets in the annual 
plan (or annual plans of the individual departments) 
aiming to improve outcomes of specific patient 
groups.

16.7%

Performance on outcomes is a central part of the 
long-term strategy of the heart center. This results 
in specific annual targets that are monitored using 
outcome measures.

0.0%
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TABLE S2: Continued

No Questions Answer options Results

23 Is the performance on outcome measures being used 
strategically in the contact with external stakeholders? 
(more than one answer possible)

No 66.7%

Yes, for marketing and communication purposes 33.3%

Yes, to inform/educate patients 0.0%

Yes, for the negotiations with health insurers 33.3%

Yes, other (please specify) 16.7%

2. Governance (Structure)

24 Is there a multidisciplinary meeting of the involved 
specialties in which outcomes of care are discussed 
(e.g., involving cardiology, thoracic surgery, and 
anesthesiology for coronary artery disease)?

No 16.7%

Yes 83.3%

25 How are involved in the regular meetings in which 
the outcomes of care and improvement initiatives are 
discussed? (more than one answer possible)

This does not take place 0.0%

Only physicians 83.3%

Nurses 0.0%

Team leaders 50.0%

Specialist nurses 16.7%

Physicians from referring hospitals 0.0%

General practitioners 0.0%

Data manager/data-analyst 83.3%

Department management 33.3%

Hospital management 16.7%

Patients or patient representatives 0.0%

Support staff from the quality department 66.7%

Other (please specify) 33.3%

26 Is the organization structure multidisciplinary (e.g., do 
you have an integrated heart center)?

No 0.0%

Yes 100.0%

27 Are outcomes discussed with and are joint improvement 
initiatives started with partners in the care chain? (e.g., 
referring hospitals, general practitioners)

No 50.0%

Yes 50.0%

3, Culture (Shared values)

28 What is the involvement of physicians in the 
measurement and improvement of outcome measures?

No involvement 0.0%

Small. One physician has responsibility for data 
delivery to external stakeholders. Apart from that no 
physicians are involved.

16.7%

Reasonable. Some physicians are involved. 50.0%

Large. There is a wide involvement. 33.3%

Very large. All physicians are involved. 0.0%

29 What level of trust exists within specialties to discuss 
outcomes openly (e.g., variance between physicians)?

Poor 0.0%

Moderate 0.0%

Fair 16.7%

Good 83.3%

Very good 0.0%

d.vanveghel-layout.indd   133 18/06/2019   23:11



134

Chapter 6

TABLE S2: Continued

No Questions Answer options Results

30 What level of trust exists between specialties to discuss 
outcomes openly (e.g., between thoracic surgery, 
cardiology, and anesthesiology)?

Poor 0.0%

Moderate 0.0%

Fair 33.3%

Good 66.7%

Very good 0.0%

4. Leadership (Style)

31 How many physicians are ambassadors of measuring 
and using outcome measures? (i.e., physicians with a 
leadership role to stimulate development of the hospital 
in this area and who are able to get colleagues along) 

None 0.0%

1 0.0%

2 16.7%

3 33.3%

More than 3 50.0%

32 At which level(s)  in the organization is initiative taken to 
realize an outcomes-based improvement cycle within 
the heart center? (more than one answer possible)

Physicians 83.3%

Management of the department or heart center 100.0%

Hospital management 0.0%

Nurses 0.0%

Hospital quality department 50.0%

Board of directors 0.0%

Medical board 16.7%

Other (please specify) 16.7%

5. Infrastructure (Systems)

33 How is outcome data for external reports collected 
(excluding follow-up data)? Please select what best 
matches the current situation.

Not 0.0%

Retrospectively by combing several sources. Involving 
still a lot of manual work

66.7%

Prospectively build in and connected to the HER 16.7%

Prospectively build in and connected to the HER. 
Insight in outcomes is available continuously and 
real-time.

0.0%

Other (please specify) 16.7%

34 In what form is data extracted from the IT-system? Raw patient data 66.7%

Automatically calculated outcome measures 0.0%

Automatically graphic display of outcome measures 
using graphs, bar charts, etc.

0.0%

Graphic user interface with in addition to graphic 
display of graphs and bar charts also possibility to 
perform basic analyses, such as showing trends in 
time, selecting subgroups, or individual patients.

0.0%

Other (please specify) 33.3%

6. Sta�

35 How many data managers are available for the heart 
center (in FTE)? 

1.8 (average)

36 How many physicians have time to
discuss outcomes and follow-up analyses (for some 
hours a month)?

0 33.3%

1 16.7%

2-3 16.7%

4-5 16.7%

More than 5 16.7%
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TABLE S2: Continued

No Questions Answer options Results

37 Is support available to perform basic data analyses 
(trend analyses, plotting results for subgroups, etc.)?

No 16.7%

Yes 83.3%

38 Is support available for executing advanced data 
analyses (making VLAD curves, performing regression 
analyses, prediction models, etc.)?

No 50.0%

Yes 50.0%

39 Who gets time to work on realization of an outcomes-
based improvement cycle? (more than one answer 
possible)

Physicians (FTE) 0.15 (average)

Quality managers (FTE) 0.22 (average)

Internal advisors (FTE) 0.52 (average)

Medical management (FTE) 0.16 (average)

Department management (FTE) 0.17 (average)

Others (FTE) 0.25 (average)

7. Skills

40 Are there employees within the hospital with the explicit 
task as part of their job to work on the realization of 
an outcomes-based quality improvement cycle (e.g., 
manager value-based healthcare, advisor)

No 50.0%

Yes 50.0% (1.5 FTE 
on average)

41 How many physicians in the heart center have expertise 
and affinity with data management and data analysis?

0 0.0%

1 33.3%

2-3 33.3%

4-5 33.3%

More than 5 0.0%

42 Are physicians trained/educated in value-based 
healthcare and/or the use of outcomes within an 
improvement cycle?

No 50.0%

Yes, once 33.3%

Yes, periodically 16.7%

*1 FTE in Dutch healthcare equals 36hrs/wk.
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ABSTRACT

Value-based healthcare has been introduced in 2006. Ten years later, this concept 
is adopted by a growing number of healthcare organization. However, little is known 
about the practical implementation of value-based healthcare within hospitals. 
While working on the implementation of VBHC in Dutch heart care, physicians are 
confronted with three main challenges that still need to be addressed to make value-
based healthcare successful.  First, it will require a shift in our thinking to actually use 
outcomes as drivers for quality improvement instead of as end points in scientific 
studies. Secondly, it will require tools for linking outcomes to quality of care processes 
enabling quicker and continuous improvement cycles. Finally, platforms are needed 
where benchmarking on outcomes is connected to an open learning and sharing 
environment where physicians can discuss good care delivery practices.

Keywords: Value-based Healthcare; quality management; benchmarking; 
cardiovascular diseases; measurement of quality.
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In 2006, value-based healthcare (VBHC) was introduced by Porter and Teisberg 
VBHC puts ‘patient value’ (health outcomes over costs) central in organization and 
delivery of care. [1, 2] Ten years later, this concept gets more and more traction 
internationally. A steady movement of quality registrations moving towards defining 
and measuring outcomes can be observed. The International Consortium for Health 
Outcomes Measurements (ICHOM) supports this development by defining standard 
sets of outcomes. 

However, value-based healthcare is still in its infancy. The actual use of outcomes to 
improve patient value will be a litmus test of value-based healthcare. Best practices 
in the implementation of VBHC concern isolated organizations, like the Martini Klinik 
and Schön Klinik in Germany, UCLA in the USA and Karolinska Hospital in Sweden. 
But the claim of value-based healthcare is much broader.  It should enable providers 
‘to compare performance, spark competition, and foster learning’, according to 
Porter. [3]

Within the Dutch Meetbaar Beter initiative, cardiologists and cardiothoracic surgeons 
have worked towards the next level of implementation of VBHC by creating 
a physician-driven, patient-centered and transparent learning and improving 
environment. [4] In three years’ time Meetbaar Beter has become a network including 
nineteen hospitals covering more than 85% of Dutch complex heart care. Standard 
sets have been defined and are reported on annually for the main heart conditions. 
[5] The reports include all treatment options, including conservative treatment, in 
order to avoid risk selection of patients. In 2016, outcomes of more than 150,000 
patients were reported in the annual outcome reports, highlighting hospitals and 
subgroups of patients that show excellent results or improvement potential. Within 
Meetbaar Beter outcomes, good or best practices, and innovative ideas are shared. 
A striking openness and willingness to share and learn is observed, even between 
competing heart centers.

Patient-relevant outcomes for treatment of heart diseases in the Netherlands have 
improved over the period of 2011-2015. The largest improvements are seen in 
mortality, especially for patients with aortic valve disease (from 6.5% in 2011 to 2.6% 
in 2015, combining all treatment options) and coronary artery disease treated with 
bypass surgery (from 3.8% in 2011 to 2.6% in 2014). [5]  Even though the contribution 
of Meetbaar Beter to realize these improved outcomes cannot be measured, the 
outcome reports have inspired more than forty quality improvement initiatives in the 
participating hospitals (see Figure 1 for examples).  
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FIGURE 1: Examples of improvement initiatives based on evaluation of patient-relevant 
outcome measures. In green, examples are shown of insights in data that have triggered 
improvements. In blue, examples are shown of improvements that were achieved. Details, 
including corrections for the complexity of the patient population per hospital, are presented 
in the Meetbaar Beter Books.

While working on the implementation of VBHC in Dutch heart care, Meetbaar Beter 
is being confronted with three main challenges that we consider general success 
criteria for the implementation of VBHC in any disease area in any country.
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#1 A paradigm shift is needed to use outcomes for quality improvement. 
Scientifically, one would typically consider using an outcome measure - for instance 
within a randomized controlled trial - if it can be measured with sufficient statistical 
power to observe the effect of an intervention.  For quality improvement this is 
the ideal situation. However, a large fraction of healthcare exists of diseases or 
treatments with small numbers of events per hospital. Although statistical power is 
often insufficient to compare outcomes between hospitals, measuring outcomes can 
still create important insights. Meetbaar Beter chooses to publish the uncorrected 
outcomes and dependencies on risk factors even when differences between 
hospitals cannot be made visible with reliable statistical significance. Although one 
should be cautious for ‘over-interpretation’, the data do create awareness regarding 
outcomes and enable physicians to generate hypotheses for improvement. Several 
improvement initiatives have been initiated based on clinical relevance, with or 
without observing statistically significant differences between heart centers. 

#2 Value-based healthcare needs to be extended with tools and methods to 
facilitate systematic outcome-based quality improvement

One of the main challenges to realize outcome-based improvements is linking 
outcomes to the quality of underlying care practices. Hospitals may formulate targets 
on outcomes, such as mortality, re-operations, and quality of life, but how can these 
targets be implemented in an internal quality improvement cycle? The list of factors 
in care delivery influencing them is long. 

Cleveland Clinic, Martini Klinik and Schön Klinik are known to have quality systems 
in place using outcome measures. However, their methods differ and publications 
are too scarce to identify a valid approach. Meetbaar Beter uses benchmarking. 
Differences in outcomes and care delivery processes are discussed between 
hospitals and underlying good practices are shared.

Even though the development of different methods is a positive sign, a systematic 
VBHC ‘way of working’ is still lacking in which outcomes are used to select, implement, 
monitor, and evaluate improvement initiatives within a standardized PDSA cycle. 

#3 To make value-based healthcare successful, new transparent 
networks of physicians with high levels of trust are required.
For value-based healthcare to reach its full potential will require new networks in 
which physicians meet in an open environment to learn and inspire each other. The 
learning potential as well as adoption rate of best practices becomes much larger 
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when health outcomes are used to ‘foster learning’ between providers at a national 
or international level. A lot can be gained when physicians discuss outcomes and 
underlying local protocols, and techniques with peers from other hospitals. Such 
networks currently do not exist. In order to create them, transparency, physician 
leadership and trust are essential.

Transparency  stimulates quality improvement and enables healthcare professionals 
to contact each other based on performance on outcomes. Physician leadership is 
needed as it is the physicians that –after experiencing positive effects of working 
with outcomes - can mobilize their peers. Finally, the least tangible, but probably 
most important ingredient in creating a learning community is trust. Benchmarking 
outcomes requires physicians and stakeholders to trust each other and each other’s 
data. Trust helps to focus on positive use of data for quality improvement, in contrast 
to a focus on punishment for performance.

In heart care, Meetbaar Beter used these ingredients to build an open national 
learning environment of thoracic surgeons and cardiologists. The Meetbaar Beter 
foundation is fully run by physicians at all organizational levels. Trust amongst the 
centers has been created by focusing on quality improvement instead of creating 
hospital rankings. The transparency is achieved by reporting outcomes and by 
physicians of different hospitals contacting each other. This has allowed for several 
of the improvement initiatives, such as the reduction of 30-day mortality for PCI-
patients with renal insufficiency (see Figure 1). In contract to Porter who focuses on 
the importance of competition between healthcare providers, within Meetbaar Beter 
the tendency of physicians of different hospitals to cooperate is much stronger than 
it is to compete.

We believe value-based healthcare can contribute to much quicker and better 
quality improvement in healthcare. This will require a shift in our thinking to optimally 
use outcomes for quality improvement. It will also require tools for linking outcomes 
to quality of care processes enabling quicker and continuous improvement cycles. 
Finally, platforms are needed where organizations working on the implementation 
of value-based healthcare across disciplines can connect to share best practices. 
This includes cooperation to organize quality improvement, data collection, analysis 
methods and open networks for physicians to share and learn based on insight in 
outcomes.
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ABSTRACT

Innovative forms of value-based purchasing contracts, based on outcome instead of 
volume, are imperative to face the imminent cost crisis in health care. The objective 
of this study was to design and implement a model for an outcome-based purchasing 
contract between a hospital and a health insurance company. The model was 
implemented in 2015. A study cohort (n=14,944) from patients with coronary artery 
disease or atrial fibrillation treated in 2014 was compared to a historical reference 
cohort from patients treated between 2010-2013. The outcome measures and the 
model are based on Porter’s value-based healthcare principles. Improvements in 
outcomes were observed, leading to a financial incentive to be spent on further 
quality improvement.  Implementation of this model is a first step towards enabling 
inclusion of patient-relevant outcomes in purchasing for healthcare. It aligns the 
focus of health insurance companies and hospitals on patient value. 
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BACKGROUND

As in many countries, healthcare costs in the Netherlands have increased over the 
last few decades. [1-3] Increased healthcare costs may result in the repression of 
other government expenditures, the exceeding of public debt, cost-sharing and an 
increase in taxes and premiums. [3-5] Value-based healthcare, aiming at maximizing 
patient value by focusing on outcomes and costs, is considered a strategy for solving 
these problems. [6] One of the key elements of the value-based healthcare strategy 
urges us to define a new reimbursement approach in which quality of care is leading 
instead of the number of procedures or consumables. [7]

Measuring patient-relevant outcomes is increasingly performed in many countries. [8] 
In the Netherlands, outcomes of cardiac interventions are collected in a nation-wide 
initiative (Meetbaar Beter). [9-12] The insights in risk-adjusted outcomes contribute to 
continuous quality improvement and hence, gains in patient value. [13] In our hospital, 
routinely implementing improvement projects, based on measuring patient-relevant 
outcomes and applying value-based healthcare principles, was initiated during 2013 
onwards.

In Dutch healthcare, health insurance companies purchase healthcare by contracting 
hospitals. [14] So far, in these contracts, the main focus has been on finance and 
volume. [15] In some dimensions these contracts contradict the concept of 
quality improvement as lower re-intervention rates can be counteracted by lower 
reimbursement levels due to lower volumes. Implementing value-based contracts is 
an essential step in this respect. [16] As stated in one of the eight principles of value-
based competition by Porter and Teisberg, ‘innovations that increase value must be 
strongly rewarded’. [17] With growing interest in value-based healthcare worldwide, 
there is a growing awareness that pay-for-service approaches should be replaced 
by pay-for-performance approaches or outcome-based payment. [18-27] Hence, 
payment approaches that reward value are suggested as a suitable direction for 
change. [21] 

In this study, we aimed at developing a model that includes value-based healthcare 
principles, makes it possible to assess changes in quality and in which improvement 
in quality is financially rewarded and loss of quality leads to reduction of financial 
compensation. The main goal of this paper is to describe the development of a 
model for an outcome-based purchasing contract between a hospital and health 
insurance company. In addition, the suitability of the model to assess changes of 
quality over time is evaluated. 
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METHODS

Study population and inclusion criteria
The study population consists of coronary artery disease patients treated by either 
percutaneous coronary intervention (PCI) or coronary artery bypass grafting (CABG), 
as well as atrial fibrillation patients treated with catheter pulmonary vein isolation (PVI). 
These high-risk, high-impact treatments were selected because they are frequently 
performed. Patients who have undergone these treatments between January 1, 2010 
and December 31, 2013 were included in the reference cohort; patients treated 
between January 1 and December 31, 2014 constitute the study cohort – regardless 
of their health insurance company. A detailed description of the inclusion criteria has 
been published elsewhere. [11]

Purchasing model
A project group was formed to develop a model rooted in value-based healthcare 
principles. This project group consisted of representatives of the hospital (i.e. 
physicians, value-based healthcare experts, quality officer and sales officer) and 
representatives of the health insurance company (i.e. purchaser and medical advisor). 
Development of the model, supported by an epidemiologist and a statistician, was 
based on the fundamental work by Porter[5], as well as on other leading examples 
[28]. 

Crucial principles of value-based healthcare are integrated in this model: the whole 
medical condition can be included; quality is measured by patient-relevant outcome 
measures concerning the entire care delivery value chain; outcomes are risk-
adjusted; the outcome measures hierarchy is applied; and quality improvement is 
rewarded. [6] These core value-based healthcare principles underlying the model 
are described in more detail in Table 1.

The project group decided on the following arbitrary elements that were required for 
comparing cohorts, deciding on relevant changes in outcomes and consequences 
in the payment model:

Reference and study cohorts. It was decided that evaluation of changes in quality 
of care was done by comparing risk-adjusted outcomes over time within the same 
hospital. As quality improvement projects were implemented since the embedding 
of value-based healthcare principles in the heart centre’s strategy, a study cohort 
from patients treated in 2014 was compared to a historical reference cohort from 
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patients treated between 2010-2013. In this exploratory phase, both organizations—
the hospital and the health insurance company—agreed to first choose patient target 
groups with relatively large numbers of patients and the availability of high quality 
data. Therefore within the medical conditions ‘coronary artery disease’ and ‘atrial 
fibrillation’ treatment options PCI / CABG and catheter PVI have been selected, 
respectively.

TABLE 1. Value-based healthcare (VBHC) principles underlying in the outcome-based 
purchasing model

VBHC element Application and explanation

Including the 
aggregate 
medical condition

It is important to include the whole medical condition in order to avoid selection 
bias.[29] This means that not only the results of a specific treatment should be 
evaluated, but the model should also be able to evaluate the results of treatments 
of all patients with a specific medical condition. Consolidated outcome measures, 
which refer to all treatments that can be performed when a patient has a certain 
medical condition, may be used.[9] 

Using patient-
relevant outcome 
measures

When using quality as the key factor, relevant measures are a prerequisite. A 
limited number of outcome measures that are relevant for the patient needs to be 
selected and defined, based on the full cycle of care.[30] This is because care for 
a medical condition typically comprises various specialties and interventions, and 
many actors are involved in the treatment process of a patient.[6] Both short- and 
long-term effects should be investigated. 

Risk-adjusted 
outcomes

To be able to analyse and interpret results properly, outcomes should be risk-
adjusted to all risk factors.[6, 18] When performing the statistical analyses (logistic 
regression analyses) to determine the rate of quality change over the years, the 
model corrects for relevant patient initial conditions. 

Applying 
the outcome 
measures 
hierarchy

According to Porter, the outcomes for any medical condition can be ordered 
in a hierarchy framework consisting of three tiers, in which each tier can be 
subdivided into two levels.[6] Results on the lower tiers partly depend on the 
results of the higher tiers. A range of outcome measures covering all tiers of the 
outcome measures hierarchy is essential to include all significant outcomes that 
are important to the patient and to reveal the links between processes of care or 
pathways and the outcomes achieved.

Rewarding quality 
improvement

A possible step in solving the healthcare problem by applying value-based 
healthcare is to create both financial and nonfinancial incentives for increasing 
the value.[31,32]
For each treatment, an incentive of a predetermined amount can be earned 
by the hospital. The hospital receives a bonus for quality improvement and a 
malus for quality impairment. In case of no change, no incentives are given. All 
incentives are summed up to calculate the total amount the hospital or the health 
insurance company receives for the year. 
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An alpha of 0.25 was considered indicative for a relevant difference because of the low 
event rates in the relatively low number of patients in the study cohort. The rationale 
for this choice was that also small changes in outcomes should be remunerated by 
the model either as an incentive or a reduction in financial compensation. The project 
group decided that incentives ought to be granted on further quality improvement 
projects.

Statistical analyses
First, general descriptive statistics were used to describe patient characteristics, by 
focusing on demographic characteristics and initial conditions. Second, descriptive 
statistics were used to describe the outcomes in the period 2010-2013 and the 
outcomes of the year 2014. Third, logistic regression analyses were conducted to 
measure the level of quality improvement over time. Different outcomes measures 
(e.g. 120-day mortality; 0=event did not occur, 1=event occurred) were the dependent 
variables. Patient initial conditions were included in the model as predictors. All 
analyses were done with the programme SPSS 23.0.

RESULTS

Patient characteristics
Patients included in this study had a mean age of 65.0 years and 73.8% was male. 
Baseline characteristics of the three patient groups can be found in the appendix.

Short and long-term evaluation of outcomes
In Table 3, the results are presented. Significant improvements in quality were found 
in all three medical treatments. Regarding CABG, significant improvements were 
found in Tier 1: a reduced 120-day mortality rate in 2014. In general, there was no 
change in outcomes in both Tier 2 and Tier 3. In Tier 2, the increase of surgical 
re-explorations is balanced by the reduction of deep sternal wound infections. 
Regarding PCI, significant improvements were found in Tier 1 and 2: a reduced 1-year 
mortality rate in 2014 and less urgent post-PCI CABG’s in 2014, respectively. Since 
Tier 1 and 2 are dominant over Tier 3, the increase of myocardial infarction did not 
influence the overall outcome. In catheter PVI’s, significant improvements were found 
in Tier 3 (less re-PVI’s in 2014).
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TABLE 3. Results of quality improvement over time among heart patients treated with CABG, 
PCI or catheter PVI, by using logistic regression analyses with different outcome measures (0 
= event did not occur; 1 = event occurred) as dependent variable

Tier
Outcome 
measures

Uncorrected 
outcomes

Corrected 
outcomes 1,2,3 Results 

per 
outcome 
measure

Results 
per tier Conclusion2010-2013 2014

OR
75% CI

CABG 1

1 120-day mortality 2.24%
(79/3,600)

1.16%
(8/695)

0.60
0.387 – 0.934

+ + +

1-year mortality 3.08%
(111/3,600)

2.73%
(19/695)

1.02
.755 – 1.374

0

2 Surgical re-
exploration 4

5.38%
(184/3,604)

7.48%
(49/704)

1.44
1.190 – 1.751

- 0

Deep sternal 
wound infection 4

1.32%
(47/3,604)

0.72%
(5/704)

0.54
0.314 – 0.942

+

3 Myocardial 
infarction 5

2.05%
(69/3,356)

1.51%
(10/664)

0.73
0.493 – 1.089

0 0

Re-intervention 5 4.95%
(167/3,375)

5.99%
(40/668)

1.22
0.986 – 1.500

0

PCI 2

1 30-day mortality 3.46%
(242/7,243)

3.06%
(62/2.086)

0.89
0.725 – 1.079

0 + +

1-year mortality 6.38%
(462/7,237)

5.71%
(117/2.048)

0.82
0.715 – 0.945

+

2 Urgent CABG 6 0.61%
(44/7,271)

0.29%
(6/2,094)

0.52 + +

3 Myocardial 
infarction 4

1.23%
(87/7,136)

2.11%
(41/1,983)

1.53
1.220 – 1.928

- -

Target vessel 
revascularization 5

6.70%
(454/6,773)

6.36%
(113/1,778)

1.05
0.920 – 1.199

0

Catheter PVI 3

1 30-day mortality 0.20%
(2/997)

0%
(0/272)

0.00 0 + +

2 Cardiac 
tamponade 4

1.94%
(19/996)

1.12%
(3/272)

0.56
0.255 – 1.208

0 0

3 Re-PVI 5 27.55%
(281/1,020)

22.65%
(65/287)

0.25
0.615 – 0.914

+ +

1 Corrected for: age | gender | diabetes | left ventricular ejection fraction | renal insufficiency | urgency of the procedure; 
2 Corrected for: age | chronic total occlusion | gender | diabetes | left ventricular ejection fraction | renal insufficiency | 
previous myocardial infarction | multivessel disease | resuscitation | shock; 3 Corrected for: BMI | CHADSVASc | duration 
of AF (except for re-PVI) | previous ablation | left ventricular ejection fraction | previous mitral valve disease | type of AF; 4 

within 30 days; 5 within 1 year; 6 within 24 hours
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Financial incentives
In accordance with the purchasing model, the hospital is financially rewarded for the 
significant improvements of outcomes after CABG, PCI and catheter PVI. For every 
patient group, an incentive was given for the purpose of further quality improvement 
projects in the heart centre.

DISCUSSION

Outcome-based model
This paper describes an innovative value-based healthcare-aligned outcome-based 
payment model. The model signifies that parties have been able to create shared 
targets and the needed level of mutual trust to implement new models creating shared 
focus on value for patients. The observed quality improvements may be ascribed to 
different improvement projects that have been implemented in the hospital since the 
embedding of value-based healthcare in the heart centre’s strategy since 2013. A 
focus on outcomes led to several organizational changes and process optimizations. 
For example, the preferred treatment strategy of atrial fibrillation patients was changed 
as well as the supervision of the specialized atrial fibrillation outpatient clinic, resulting 
in less re-PVI’s. In addition, more time was reserved for multidisciplinary heart team 
discussion, an intensive care specialist was added for the discussion of high-risk 
patients and a multidisciplinary patient review was arranged in the preoperative day, 
resulting in reduced mortality after CABG. Since pertinent improvements have been 
concluded, a financial bonus, as per contract destined for new quality projects, was 
provided.

Impact for patients
The alignment in the focus on outcomes between hospitals and health insurance 
companies is a leap forward in the development of a value-based healthcare system. 
The model introduces patient-relevant outcomes, and therefore the most relevant 
quality measures, into the purchasing for healthcare process in the Netherlands. 
The model applies to all selected outcome measures, including long-term outcome 
measures. Since these long-term effects are also largely determined by the quality of 
care in the referring centres, this means that the hospital takes on accountability for 
the results of the entire care delivery chain. Pressure on quality management in the 
entire cycle of care (i.e. also outside the treatment centre) is thus created. For patient 
safety, it is important that treatment is not refused for patients showing high-risk 
characteristics because of the possible poor outcomes. Adding the multidisciplinary 
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heart team discussion is an important factor that optimizes the decision making in 
high-risk patients. The model is risk-adjusted and additionally offers the possibility 
to include the entire medical condition. This means that both patients treated with 
interventions and patients not treated or treated with medication form part of the 
model. This way, all patients with a certain medical condition can be included in the 
analysis.

Implications for international practice
Apart from the national healthcare system or purchasing models, our model makes it 
possible to motivate hospitals in case of quality improvement determined by outcome 
measures that are most important for patients. An advantage of the outcome-based 
purchasing model is that it can be implemented on top of other financing systems 
which means that it is not necessary to modify the current financing system. Hence, 
the model has the potential and offers the possibility to be applied in all countries – 
as long as the financer is not the healthcare provider. This model creates a shared 
goal for specialists, health insurance companies and financial managers. Additionally, 
the model is attractive to be implemented in other countries and health systems 
since it offers the possibility of step-by-step implementation (e.g. for one specific 
treatment, disease or specialism first).  

In our model, long-term outcome measures are included based on value-based 
healthcare compared to other systems that are mainly focused on intermediate 
outcomes. [35] By using long-term health outcomes, the hospital takes its responsibility 
for the ultimate result of the intervention even if further steps take place elsewhere in 
the care chain. Thus, integrated care across separate care delivery systems, as one 
of the principles of value-based healthcare, is also applied. 

The model can be adopted for other medical conditions as well. However, an 
outcome registry is then necessary to be linked to reimbursement. [36] Patient-
relevant outcomes must be selected and measured, and risk-adjustment for patient 
initial conditions is necessary when applying the model. We recommend to make use 
of national registries and/or internationally developed standard sets. For example, 
the outcome measure sets as developed by ICHOM can be used for this purpose. 
[34, 37-39] 

Hurdles and aids of implementing the model
For a successful implementation of the outcome-based payment model, it is 
relevant to dare being transparent. It is impossible to design the perfect model at 
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once, therefore it is partially learning by doing. We advise to work pragmatically, 
and continuously evaluate whether the new model is better than the old one. On 
the other hand, the model requires a scientific basis as much as possible, thus 
expert opinions are needed in an early stage, for instance from the perspective 
of epidemiology. Furthermore, trust between both parties (i.e. hospital and health 
insurance company) is a precondition. In order to extend trust, it may help to involve 
a third party, especially for controlling data quality and reliability. In our case, we 
participate in ‘Meetbaar Beter’ that regularly performs data quality checks. We advise 
to use validated standard indicator sets which are already developed and used by 
others, preferably internationally, instead of reinventing the wheel (e.g. standard sets 
of ICHOM). [34,37-39]

In the first phase of implementation, the model introduces uncertainties. The model 
needs testing in practice. Therefore, we recommend using incentives with a limited 
financial impact in order to create a safe learning environment. However, small 
amounts of incentives may be not enough to change the way hospitals are doing 
business. [40] Therefore, we advise to increase incentives in the course of time.

It is important to choose large patient groups for which inclusion criteria should be 
clearly defined and patient identification should be clear. Outcome measures with 
sufficient positive events are preferred, and only outcomes that can be influenced by 
the healthcare providers should be included. Last but not least, it is most interesting 
and relevant when high-cost treatments are studied and finally improved.

Strengths and limitations
The model, which is theory-based and which satisfies the various criteria of value-
based healthcare, places patient-relevant outcomes at the centre of purchasing for 
healthcare. [6, 32] The hospital acts transparently and is continuously striving for 
the maximum achievable quality of care. The use of a limited set of both short- and 
long-term patient-relevant outcome measures makes the model concise and broadly 
applicable in the field of cardiology, cardiothoracic surgery and other medical 
specialties. The model stimulates improvements on all different tiers of the outcome 
measures hierarchy. [6] In case that outcomes, such as mortality, are not likely to 
change, outcome measures belonging to lower tiers of the outcome measures 
hierarchy become determinative. This means that the focus will be shifted to other 
patient-relevant outcome measures, such as complications and re-interventions, 
in order to create successful changes. Additionally, it is possible to add or replace 
outcome measures. Quality improvement is continuously stimulated through the 
agreement, as the incentives the hospital may receive are to be used for further 
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quality improvement in the heart centre. Finally, the model stimulates reduction of 
costs as well, as several outcomes are directly (e.g. myocardial infarction or target 
vessel revascularization) or indirectly (e.g. re-thoracotomy) related to costs in the 
Dutch payment system.

Some elements in the model may give rise to discussion. First, we chose a 
confidence interval of 75% instead of the commonly used statistical 95% reliability 
since clinical relevance is the prime concern. Improvements in or loss of quality at 
the 75% level are considered as relevant and are enumerated with an incentive 
of reduction in financial compensation. The chance on a type I error increases, 
but parties agreed on this balance between spontaneous variations and the low 
frequency of certain outcomes in relatively small patient cohorts. This arbitrary 
choice will be subject to further evaluation. Second, the first implementation was 
performed with retrospective data and, therefore, the observed improvement in 
outcomes cannot be attributed to the implementation of the model. Third, in the 
early phase of implementing the outcome-based contract, the hospital and the 
health insurance company were not able to evaluate results at the level of the entire 
medical condition, but only at the level of treatments. Due to limited availability of 
retrospective data on the conservative treatment of coronary artery disease and the 
minimally invasive surgical PVI-group from the 2010-2013 cohort these treatments are 
not included in this first study, excluding analyses at the level of the overall medical 
conditions. Optimal comparison and assessment of quality improvement with this 
model using prospective, consolidated data covering the entire medical condition 
will be possible in the near future. Positive overall conclusions should not lead to 
overlooking elements requiring improvement. For example, we found an increase in 
surgical re-explorations after CABG and an increase in myocardial infarctions after 
PCI, obviously necessitating attention and further improvement.

Future challenges
This study describes the first step in setting up an outcome-based purchasing 
contract and further optimization of the model will take place. In the long-term 
partnership between the hospital and the health insurance company, the model 
will be evaluated and improved every year. For example, confidence intervals and 
reference groups should be re-considered. The impact of the model on quality and 
costs in healthcare delivered will also be subject to evaluation. In the future, we will 
be able to analyse whether incentives that are used for further improvement actions 
will lead to additional cost savings. More patient-reported outcome measures, such 
as quality of life data, as well as outcomes for the full medical conditions should 
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be integrated into the model. In time, QALY’s might be used in the model, as the 
willingness to pay of patients was found to be related to QALY’s. [41] Stimulating 
health education programmes for patients could help to change patient behaviour 
and consequently outcomes. Because the developed model uses standardized 
outcome measures and initial conditions, it can be applied by other hospitals and 
health insurance companies as well. In time, patient value in terms of outcomes over 
costs can and should be introduced into the model, probably in a shared savings 
model. 

CONCLUSION

A health insurance company and a hospital have succeeded in creating a 
reimbursement model in which value-based healthcare principles are integrated and 
changes in quality can be measured and rewarded. The presented model is a first 
step that offers great promise in aligning hospitals and health insurance companies in 
using patient-relevant outcomes in healthcare purchasing. To further increase patient 
value, on-going optimization of the model and evaluation of its impact on quality of 
care is necessary requiring new long-term collaboration models based on trust.
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APPENDIX 1. Patient characteristics (N=14,944) 

CABG (n=4,308) PCI (n=9,329) Catheter PVI (n=1,307)

2010-
2013 2014

p

2010-
2013 2014

p

2010-
2013 2014

pn (%) / mean (SD) n (%) / mean (SD) n (%) / mean (SD)

Age 65.7
(9.72)

65.4
(9.75)

65.2
(11.54)

65.8
(11.33)

61.1
(9.51)

59.6
(9.72)

*

Gender

men 2827
(78.4)

546
(77.6)

5205
(71.9)

1532
(73.4)

708
(69.4)

215
(74.9)

Diabetes *

yes 794
(22.0)

179
(25.4)

1381
(19.1)

364
(17.4)

- -

unknown 0 0 112
(1.5)

70
(3.4)

- -

LVEF *

30-50% 424
(11.8)

90
(12.8)

172
(2.4)

138
(6.6)

- -

<30% 101
(2.8)

12
(1.7)

177
(2.4)

66
(3.2)

- -

unknown 311
(8.6)

44
(6.3)

3509
(48.4)

1049
(50.3)

- -

Renal insufficiency *

yes 760
(21.1)

149
(21.2)

1399
(19.3)

438
(21.0)

- -

unknown 23
(0.6)

2
(0.3)

496
(6.8)

244
(11.7)

- -

Urgency of the procedure - -

urgent 106
(2.9)

13
(1.8)

1814
(25.0)

500
(24.0)

- -

emergency + rescue 288
(8.0)

44
(6.3)

2904
(40.1)

799
(38.3)

- -

unknown 0 0 3
(0)

0 - -

Chronic total occlusion

yes - - 525
(7.2)

147
(7.0)

- -

unknown - - 10
(0.1)

0 - -
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APPENDIX 1. Continued

CABG (n=4,308) PCI (n=9,329) Catheter PVI (n=1,307)

2010-
2013 2014

p

2010-
2013 2014

p

2010-
2013 2014

pn (%) / mean (SD) n (%) / mean (SD) n (%) / mean (SD)

Previous MI *

yes - - 1783
(24.6)

585
(28.0)

- -

unknown - - 95
(1.3)

53
(2.5)

- -

Previous CABG *

yes - - 992
(13.7)

232
(11.1)

- -

unknown - - 57
(0.8)

38
(1.8)

- -

Multivessel disease *

yes - - 3528
(48.7)

1102
(52.8)

- -

unknown - - 1
(0)

0 - -

Resuscitation

yes - - 299
(4.1)

71
(3.4)

- -

unknown - - 247
(3.4)

7
(0.3)

- -

Shock *

yes - - 321
(4.4)

74
(3.5)

- -

unknown - - 310
(4.3)

5
(0.2)

- -

BMI *

25-30 - - - - 491
(48.1)

153
(53.3)

>=30 - - - - 246
(24.1)

46
(16.0)

ChadsVasc score

medium (2-4) - - - - 430
(42.2)

87
(30.3)

high (>=5) - - - - 22
(2.2)

3
(1.0)
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APPENDIX 1. Continued

CABG (n=4,308) PCI (n=9,329) Catheter PVI (n=1,307)

2010-
2013 2014

p

2010-
2013 2014

p

2010-
2013 2014

pn (%) / mean (SD) n (%) / mean (SD) n (%) / mean (SD)

unknown - - - - 30
(2.9)

65
(22.6)

Previous ablation *

yes - - - - 273
(26.8)

41
(14.3)

unknown - - - - 1
(0.1)

0

Previous mitral valve disease *

yes - - - - 94
(9.2)

37
(12.9)

unknown - - - - 67
(6.6)

55
(19.2)

Note:*p<.05; Significant differences: CABG diabetes p=.049; PCI LVEF p<.001; PCI renal insufficiency p=.005; PCI previous 
myocardial infarction p<.001; PCI previous CABG p=.004; PCI multivessel disease p=.001; PCI shock p=.010; Catheter PVI 
age p=.014; Catheter PVI BMI p=.015; Catheter PVI previous ablation p<.001; Catheter PVI previous mitral valve disease 
p=.008
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ABSTRACT

Background: Regional integration is one of the main principles to improve patient-
relevant outcomes in value-based health care. Optimal collaboration between cardiac 
centres and referring hospitals necessitates structural changes in both sides. This 
article addresses the results of enhanced collaboration between Catharina Heart 
Center and its referring hospital “St. Jans Gasthuis”. Our aim was to evaluate clinical 
outcomes, patient satisfaction, and process and structure measures as a result of 
setting up a regional integrated care delivery system.

Methods: Since 2013, both hospitals have implemented interventions to improve 
clinical outcomes, the degree of patient satisfaction and the compliance to important 
process and structure measures. A baseline and a re-evaluation were performed 
to identify the effect of applying such interventions. Clinical data extracted from the 
electronic health records and cardiac databases of Dutch hospitals well as survey-
based data were used. 

Results: Re-evaluation showed improvement of event-free survival of patients 
treated for coronary artery disease between 2014 and 2016 compared to patients 
treated between 2011 and 2013 (97.4% vs. 96.7% respectively), leading to significant 
better outcomes for patients referred from the St. Jans Gasthuis compared to 
patients referred from other hospitals. The level of patient satisfaction was improved 
and reached a statistical significance regarding patient information and education 
(p=.013), quality of care (p=.007), hospital admission and stay (p=.032), personal 
contact with the physician (p=.024), and total impression (p=.007). Evaluation of 
process and structure measures showed an increase of the number of process and 
structure measures that were scored as “completely available” (in 2013, 62 out of 116 
indicators (53.4%) were scored completely available, which increased to 94 (81.0%) 
in 2015). 

Conclusions: An intensified collaboration in the care chain, organized in a structured 
manner between a cardiac centre and a referring hospital and aiming at high quality, 
resulted in improvement in clinical outcomes, degree of patient satisfaction and more 
compliance to process and structural measures. We encourage others to organize 
the whole care chain to continuously improve patient-relevant outcomes.
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BACKGROUND

Traditional components of health care quality have been broadly delineated as 
structure, process, and outcome measures. [1] In value-based health care, it is 
recommended to integrate care delivery systems at a regional level because 
outcomes are influenced by various specialties and interventions in the treatment 
process of a patient. [2] Patient-relevant outcome measures should be used to 
measure patient value. In the Netherlands, the ‘Meetbaar Beter’ foundation started 
to play a role in implementing value-based health care in cardiac care in 2011, using 
standard sets of outcome measures that are aligned with the sets developed by 
the International Consortium for Health Outcomes Measurement (ICHOM). [3, 4] 
Process measures, on the other hand, can be a helpful tool to investigate aspects 
of improvement and can be used to detect the underlying reasons or mechanisms 
for specific results. [2,5] Additionally, patient satisfaction is often related to outcomes 
as well as processes and can be described as an indirect or proxy indicator of the 
quality of doctor or hospital performance. [6]

In an earlier Dutch report, Roeg et al. concluded that intensive community-based 
care requires a highly complex organization, which is reflected by the diversity of the 
clusters. [7] The emphasis on cooperation with other institutes is significant, and this 
should ideally be characterized as a chain of care. [8] This means that single services 
provided by separate institutes need to be strongly linked and that interorganisational 
and interdisciplinary service is essential for an intensive community-based care. 

In the Catharina hospital’s cardiac centre (situated in Eindhoven, The Netherlands), 
approximately 7,000-8,000 cardiac interventions are performed yearly. These 
interventions include open heart surgery, interventional cardiology and 
electrophysiology. Almost 70% of these patients is referred from regional hospitals 
and transferred back within a few days after the intervention. The “St. Jans Gasthuis” 
(SJG) in Weert is one of the referring hospitals.

Since 2013, the Catharina Heart Center and the SJG Weert intensified their 
collaboration. Optimization of care within an institution is often the main goal of 
current quality systems of healthcare providers. The aim of the present report is 
to analyze the effects of setting up a regional integrated care delivery system on 
patient-relevant outcomes, patient satisfaction and process and structure measures. 
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METHODS

Aim and design of the study
The aim of this study was to assess the impact of the quality improvement projects 
between SJG Weert en Catharina Heart Center, the following three aspects by 
performing baseline and effect evaluations: (1) clinical outcomes; (2) degree of patient 
satisfaction; and (3) process and structure measures. Data were derived from various 
Dutch hospitals. The different study cohorts that are used for the evaluations will be 
described in detail below. 

Patients and inclusion criteria
In this study, we included different study cohorts: For the evaluation of clinical 
outcomes, we included data of all patients diagnosed with coronary artery disease 
(CAD) referred from other hospitals to Catharina Heart Center and back for coronary 
artery bypass graft (CABG) or percutaneous coronary intervention (PCI) between 
2011 and 2016. We subdivided the cohort into patients referred from SJG Weert and 
patients referred from all other to the Catharina Heart Center referring hospitals.

For assessing patient satisfaction, patients referred from SJG Weert to Catharina 
Heart Center in the year 2013 and in the period January until September 2015 
received questionnaires delivered by post.

For assessing effects on process and structure measures, a quality inspection was 
executed by two professionals in 2013 (baseline) and 2015 (follow-up). Quantitative 
data were collected by using standardized questionnaires. 

Clinical outcomes 
To analyze outcomes for patients with CAD who underwent CABG or PCI, all 
outcome measures as selected in and used by Meetbaar Beter [9], with a clinically 
relevant follow-up duration up to a maximum of 120 days are included, i.e. 30-day 
mortality, 120-day mortality, cerebrovascular accident (CVA) within 72 hours, deep 
sternal wound infection (DSWI) within 30 days, surgical re-exploration within 30 
days, urgent CABG within 24 hours, and myocardial infarction (MI) within 30 days. 
For patients treated with a PCI, 30-day mortality is used whereas for patients treated 
with CABG, 120-day mortality is used. This choice is based on previous research that 
has shown that all cardiac surgery-related mortalities were covered at 120 days post-
surgery [10] whereas for PCI, risk of death seems to move from cardiac to noncardiac 
after a period of 30 days post-PCI. [11] For all outcome measures, definitions and 
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time periods as defined by Meetbaar Beter are adopted in the present study. [9] 
All outcomes are combined in “event-free survival” (i.e. no mortality within 120-days 
(CABG) and 30-days (PCI) respectively), no complications (i.e., none of the before 
mentioned outcomes) and no MI within 30 days after the intervention).  Outcomes are 
retrieved from the electronic health record, cardiac databases used in the Catharina 
Heart Center and results recorded in SJG Weert.

Patient satisfaction
To measure patient satisfaction, self-administered questionnaires were used (see 
additional file 1). A total of 28 items were included to assess the following topics: 
communication with the hospital (2 items); communication between the hospitals 
and the patient’s general practitioner (2 items); education and education material (4 
items); consistency/compatibility between the two hospitals (2 items); access time 
(2 items); quality of care (4 items); unexpected events and complications (3 items); 
hospital stay (4 items); and personal contact with physician in both hospitals (2 items). 
On a scale from 1 to 10, patients were asked “To what extent are you satisfied with …”, 
followed by the specific item. All questions were assessed separately regarding both 
hospitals. Patients were asked to give an overall grade of the delivered care in both 
hospitals on a scale from very bad (=1) to excellent (=10). 

Process and structure measures 
Objective evaluations of process and structure measures took place regarding the 
organization, cooperation, outpatient clinic, echo and ergometry, coronary care unit 
and the cardiac catheterization lab. This quality inspection was based on the existing 
formats of the Dutch Association of Cardiologists (NVVC), including the KISZ survey 
of the Dutch Association of Internists and standard operating procedures. [12] To 
analyze the data, peer debriefing was applied: All results were evaluated by two 
independent professionals, namely a cardiologist and a quality management expert. 
Every item was scored independently by the professionals on a scale from 1 to 3 to 
indicate whether the indicator completely exists, partly exists or does not exist. After 
the assessment the professionals integrated their scores. Where different, arguments 
were discussed and in consensus the overall score was decided.

Interventions to improve the care chain
The following interventions have been implemented since 2013:

•	 Information and communication: improvement of the communication within and 
between both hospitals regarding patients referred to and discussed in the 
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heart team meetings; a new protocol for patients’ discharge in Catharina Heart 
Center and SJG Weert, modifying patient brochures in both hospitals to better 
adhere to each other. 

•	 Knowledge transfer on daily basis by introducing a daily discussion session 
regarding hospitalized patients for the entire consultant team. Also frequent 
multidisciplinary meetings to discuss complex patients were introduced.

•	 Consultant resources: the consultant capacity was increased from 4 full-time 
equivalents (FTE) to 4,5 FTE. Time investment was made into in-patient care by 
separating supervision tasks for the emergency department and coronary care 
unit respectively the cardiology nursing ward. Also at the outpatient clinic, there 
was a modification of planning, leading to more time reserved for new patients. 
Supervision of the imaging department was improved by reserving time of an 
imaging-consultant, and on a routine basis an educational plan for employees of 
the imaging department was started.

•	 Care for complex patients: introduction of outpatient clinics prior to complicated 
procedures and for specific patient groups run by consultants from Catharina 
Heart Center and a special attention to discussing high-risk patients. 

•	 Improving guideline adherence: introduction of “time-outs” in the catheterization 
lab and change of discharge policy. 

Statistical analyses
Data were analyzed using SPSS software, version 23 (IBM Corp, Armonk, NY, 
USA). Descriptive statistics were used to describe the baseline characteristics and 
(uncorrected) outcomes for the following two study groups: patients referred from 
SJG Weert between 2011 and 2013 (patient cohort 1) and patients referred from SJG 
Weert between 2014 and 2016 (patient cohort 2). To be able to study the effects of this 
project and exclude effects of generic quality improvement projects in the Catharina 
Hospital, outcomes of patients of SJG Weert were also compared with outcomes of 
patients of other referring hospitals treated for CAD in the Catharina Hospital during 
the same period regarding “event-free survival”. Differences in outcomes between 
patients from SJG Weert compared to patients from all other referring hospitals 
at pre- and post-measurement were explored by means of logistic regression 
analyses using the top-down procedure. The dependent variable was event-free 
survival. Risk-adjustment was performed for the following patient characteristics: age, 
gender, diabetes, renal insufficiency, multi-vessel disease, LVEF and urgency of the 
procedure.
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To examine whether significant differences exist between patient satisfaction at 
baseline and two years later, the mean scores of the two groups on the different 
aspects were explored by means of independent samples t-tests.

To analyze the process and structure measures, descriptive statistics were used by 
summing up the indicators that were available in 2013 and 2015 respectively.

Tests were performed at alpha=.05. 

RESULTS

Clinical outcomes 
In total, 1,475 patients referred from SJG Weert to the Catharina Heart Center for a 
treatment for CAD were included in the analyses. The baseline characteristics are 
shown in Table 1. The baseline cohort included patients treated during the period 
from 2011 through 2013 (n=820). The evaluation cohort included patients treated 
between 2014 and 2016 (n=655). 

TABLE 1. Patient characteristics (coronary artery disease: PCI and CABG)

Variable 2011-2013 2014-2016 p

Male gender 628 (76.6%) 509 (77.7%) .610

Age, year, mean 65.6 ± 10.7 66.3 ± 10.8 .243

Diabetes 126 (15.4%) 97 (15.3%) .947

Renal insufficiency 151 (18.5%) 117 (19.1%) .772

Multivessel disease 455 (55.6%) 363 (55.7%) .984

LVEF (<50%) 88 (12.0%) 92 (16.4%) .042

Non-elective procedure 405 (49.4%) 329 (50.2%) .749

Data are presented as mean ± SD or number (%); CABG, coronary artery bypass grafting; LVEF, left ventricular ejection 
fraction; PCI, percutaneous coronary intervention

Table 2 presents the uncorrected clinical outcomes for the two cohorts. When 
combining both groups (i.e., PCI and CABG), we observed an improvement in all 
outcomes (Table 2).
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TABLE 2. Clinical outcome comparisons between patient cohort 1 (2011-2013) and patient 
cohort 2 (2014-2016)

2011-2013 2014-2016

n % n %

CABG 184 128

120-day mortality 1 0.5 0 0.0

CVA 1 0,5 0 0.0

DSWI 3 1.6 1 0.8

Surgical re-exploration 10 5.4 6 4.7

PCI 636 527

30-day mortality 9 1.4 5 0.9

Urgent CABG 2 0.3 0 0.0

MI 3 0.5 5 1.0

Coronary artery disease* 810 643

Mortality 10 1.2 5 0.8

Complications 17 2.1 11 1.8

Event-free survival (short-term) 780 96.7 603 97.4

* Treated with either CABG or PCI 

For the second part of the outcome analysis, all to the Catharina Heart Center referred 
patients treated by CABG or PCI between 2011 and 2016 were included (n=12,013). 
As demonstrated in Table 3, the results of the logistic regression analysis show that 
event-free survival was statistically significantly higher in SJG Weert compared to the 
that of patients of all other referring hospitals in 2014-2016. The difference in event-
free survival between the hospitals was not statistically significant in 2011-2013. 

TABLE 3. Results of the logistic regression analysis with event-free survival (0 = no event; 1 = 
event) as dependent variable among patients with coronary artery disease 1

SJG Weert Patients from all other referring hospitals OR p

2011-2013 96.7% 95.4% 1.05 .653

2014-2016 97.4% 95.1% 1.39 .046
1 Exclusion of patients who underwent a second procedure (PCI or CABG) within 120 days after the initial procedure
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TABLE 4. Differences regarding patient satisfaction between patients treated in 2013 and 
patients treated in 2015

Patient satisfaction variable 2013
n=108

2015
n=108 p

A. Patient information and education 7.47 7.98 .013

B. Expectation management 7.69 8.09 .127

C. Alignment between both hospitals 7.33 7.62 .214

D. Communication with the GP (SJG Weert) 7.24 7.77 .086

E. Communication with the GP (Catharina) 7.33 7.73 .189

F. Duration to approach and pathway (SJG) 8.09 8.18 .729

G. Duration to approach and pathway (Cath) 7.53 7.95 .134

H. Quality of care (SJG Weert) 7.95 8.46 .007

I. Quality of care (Catharina) 8.08 8.43 .057

J. Admission and stay (SJG Weert) 8.00 8.39 .032

K. Admission and stay (Catharina) 8.17 8.41 .155

L. General mark (SJG Weert) 7.80 8.29 .007

M. General mark (Catharina) 8.13 8.42 .070

N. Personal contact between patient and physician (SJG Weert) 7.90 8.32 .024

O. Personal contact between patient and physician (Catharina) 7.67 8.20 .031

Process and structure measures
Evaluation of process and structure measures were analyzed in a radar chart, as 
shown in Figure 2. Only the measures that scored 1 (completely available) are 
presented. The results show an increase of the number of measures that have 
been scored as “completely available”. In general, in 2013, 62 out of 116 indicators 
(53.4%) have been rated as “completely available”, which increased to 94 (81.0%) in 
2015. There was a decrease in both the measures that have been rated as “partly 
available” (from 19 to 13) or “not available” (from 35 to 9). All dimensions included in 
the analysis showed a higher score in 2015 than in 2013 (Figure 2).
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As multiple interventions have been implemented in this collaboration project, it 
is difficult to identify strong correlations between individual interventions and both 
improved clinical outcomes and higher patient satisfaction. In general, redefining of 
the scheduling of physicians and the decision to increase physician staffing might 
have had positive effects on several endpoints. [14] In a recent report concerning 
the rate of readmissions [15], quality improvement efforts to improve inpatient care 
and the coordination of transitional care can prevent many unnecessary hospital 
readmissions. On the other hand, in a 2007 systematic review [16], only half of studies 
concluded that better hospital-level processes were associated with lower mortality; 
18% found results in the opposite direction. 

In addition to the collaboration project, there have been quality improvement projects 
in both SJG Weert and the Catharina Heart Center that might have influenced the 
results of this study. For instance, in Catharina Heart Center, improvement projects 
have been implemented within the cardiothoracic surgery department with positive 
effects on outcomes. [17]

The primary means of assessing how patients feel about the care they receive in 
a health care setting is measurement of patient satisfaction. Patients have different 
views from health professionals when judging the quality of care and services. [18] 
Besides, associations have been found between patient satisfaction and outcomes, 
such as readmissions. [15,19] We have used the results of a patient satisfaction survey 
to further improve care management and promote the quality of outcomes of referred 
patients.

Donabedian has noted that patient satisfaction is not only an important component 
of quality of care, but also a heavy contributor to the definition of quality from the 
perspective of clients’ values and expectations. [20] Different studies have shown that 
satisfied patients are more likely to better comply with providers’ medical regimens 
and orders, to continue using medical care services and to cooperate or maintain 
relationship with specific providers when compared to unsatisfied patients. [20-23]

The present report shows improvement of all elements used to measure patient 
satisfaction as a result of applying structural measures. Some of these elements 
reached statistical significance. In both hospitals, the degree of patient satisfaction 
about the personal contact between patient and physician was significantly 
improved. This is a reflection of better and efficient planning, less work pressure, and 
consequently more attention for the individual patient.
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Strengths and limitations
One of the major strengths of this study was the focus on a wide range of indicators: 
clinical outcomes, patient satisfaction, and process and structure measures. A limited, 
but well-defined and widely accepted set of patient-relevant outcome measures 
has been included. As a result of an intensified collaboration in the care chain, 
improvement on all three kinds of indicators have been observed. The positive 
results of the NVVC-audit in 2016 are strongly aligned with the findings presented in 
this study and indicate a relatively high level of objectivity.

The present study also has its limitations. First, multiple interventions have been 
implemented. Further research is required to identify correlations between individual 
interventions and improved clinical outcomes, higher patient satisfaction and higher 
compliance to process and structure measures. Second, we have used a combined 
end-point to assess effects on clinical outcomes to increase power. Moreover, further 
follow-up is needed to confirm our results. Finally, we did not include the role of the 
general practitioner in the improvement measures of the care chain, which is equally 
important and must be considered.

CONCLUSIONS

This study shows the promising effect of improving healthcare in the full cycle of 
care. Different improvement actions have been implemented to improve quality in 
healthcare as part of enhancing the collaboration between hospitals. In our study, a 
cardiac centre and a referring hospital succeeded in  improving clinical outcomes, 
patient satisfaction and compliance to process and structure measures.
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List of abbreviations

CABG	 Coronary Artery Bypass Graft
CAD	 Coronary Artery Disease
CVA	 CerebroVascular Accident
DSWI	 Deep Sternal Wound Infection
FTE	 Full-Time Equivalents
ICHOM	 International Consortium for Health Outcomes Measurement
KISZ	 Quality Investigation and signaling care processes (Kwaliteits 

Inventarisatie en Signalering Zorgprocessen)
LVEF	 Left Ventricular Ejection Fraction
MI	 Myocardial Infarction
NVVC	 Dutch Association of Cardiologists (Nederlandse Vereniging voor 

Cardiologie)
OR	 Odds Ratio
PCI	 Percutaneous Coronary Intervention
SJG	 St. Jans Gasthuis
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ABSTRACT

Background: Value Based Health Care (VBHC) is a well-known strategy to improve 
patient relevant outcomes and reduce healthcare costs, in which it is advised to 
start with measuring and improving outcomes. However, until now no methodology 
is present to implement VBHC principles in the full cycle of care. Therefore, this 
study describes a stepwise approach to implement and continuously improve patient 
relevant outcomes in the total care delivery value chain.

Methods: Key principles of VBHC are used to develop the stepwise methodology 
in a suburban area in the Netherlands, in which healthcare providers of primary, 
secondary, and tertiary care collaborate in a physician driven initiative, called the 
Netherlands Heart Network. The stepwise methodology incorporates the Plan-Do-
Study-Act cycle to continuously improve patient relevant outcomes. To outline the 
presented methodology a prevalent cardiac condition (i.e. atrial fibrillation) is used as 
a proof of concept.

Results: By using the presented methodology the key principles of VBHC are 
implemented, resulting in an adequate registration of patient relevant outcomes 
and a structured evaluation of adherence to prevailing guidelines (i.e. process-and 
structure indicators). Based on the followed methodology detailed improvements are 
defined in order to optimize patient relevant outcomes.

Conclusions: The presented methodology is successful in implementing VBHC 
principles in the full cycle of care, and therewith includes the preconditions for 
improving patient relevant outcomes in the total care delivery value chain. However, 
since this methodology is a first introduction, future research is challenged to use and 
asses the stepwise methodology in other fields and for different medical conditions.
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INTRODUCTION

Value Based Health Care (VBHC) is a well-known strategy in healthcare in order to 
improve patient value, defined as outcomes that matter most to patients divided 
by costs created by healthcare delivery. [1-5] Key principles of VBHC as defined 
by Porter (i.e. organizing healthcare around a specific medical condition, indicate 
patient relevant outcomes and costs, weigh and prioritize outcomes using the 
outcome measure hierarchy, define process-and structure indicators, apply statistical 
techniques for risk correction, and organize healthcare in the full cycle of care) 
are used to structurally measure and improve patient value for specific medical 
conditions. [2, 4-7] It is advised to start the shift towards a more value driven system 
by measuring and improving outcomes. [4-6] Although various best practices are 
mentioned in literature regarding some elements of the VBHC strategy, so far focus 
is mostly only on measuring and improving outcomes within institutions. [3, 8-11]. This 
leaves important parts of the total care delivery value chain uncovered. Moreover 
other elements of the value based healthcare strategy are still to be implemented. 
Currently, this limits the impact of VBHC because all dimensions of the VBHC strategy 
are expected to be mutually reinforcing, and should thus be covered. [6] 

One of the elements introduced by Porter is ‘integrate care delivery across separate 
facilities’ [6], which intends to strengthen the collaboration between healthcare 
professionals in primary, secondary, and tertiary care, as all involved healthcare 
providers contribute to the outcomes achieved and costs caused in the treatment of 
all patients with the same medical condition. [5, 6] In such a multi-institutional network 
other crucial aspects in VBHC become increasingly challenging. Valid and reliable 
registration of outcomes in accordance with the quality measures that matter most to 
patients [12], as well as using process-and structure indicators that are interrelated to 
these outcomes [1], and are in accordance with (inter)national guidelines, is essential 
for making VBHC work in a care network. Numerous studies have indicated that 
adherence to guidelines within institutions has a positive impact on improving patient 
relevant outcomes [13-17]; such data are lacking for care networks. In addition, until 
now, information is absent which steps should be taken in order to improve outcomes 
of the full cycle of care in an active multidisciplinary quality network of healthcare 
providers. 

Atrial fibrillation is the most frequently diagnosed arrhythmia in Europe and often 
treated by multiple healthcare providers. [18] Prior research by Porter suggested that 
extensive collaboration between healthcare providers in primary, secondary, and 
tertiary care may enable improvements in patient relevant outcomes and reduced 
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healthcare costs. [6] However, until now such multi-institutional quality network for 
atrial fibrillation care for measuring and continuously improving patient relevant 
outcomes and health care costs has not been initiated yet. 

Continuous improvement of patient relevant outcomes using quality indicators and 
interrelated process-and structure indicators is crucial in VBHC. [1, 4-6, 19] The cycle 
of Deming (i.e. Plan-Do-Study-Act cycle) has shown to be a successful and validated 
framework to continuously update indicators in quality research. [20,21] Therefore 
it may also be an useful instrument in accordance with the VBHC-strategy, for 
continuously improving patient relevant outcomes in the full cycle of care.

The aim of the present study is to introduce a stepwise methodology to implement 
and continuously improve patient relevant outcomes in the total care delivery value 
chain. In addition, completeness of data collection on outcomes and adherence 
to process-and structure indicators will be shown for atrial fibrillation to outline the 
presented methodology.

METHODS

Design and setting
In the present study a stepwise methodology is introduced using key principles of 
the VBHC strategy to define, implement, evaluate, and continuously improve patient 
relevant outcomes and costs in the full cycle of care. This stepwise methodology is 
developed within a clinician driven network initiative, involving both hospitals and 
general practitioner (GP) organizations in a suburban region in the Netherlands (i.e. 
South East Brabant region), called the Netherlands Heart Network (NHN). [22] The 
NHN is an example of an organization that facilitates the integration of care delivery 
facilities and aims to contribute to continuous improvement of value for patients with 
a heart disease. In order to develop a VBHC network, NHN develops transmural 
standards of care for highly prevalent medical conditions, associated with high costs 
and strong need for multi-provider collaboration. The NHN provides a platform 
for healthcare providers to collaborate and to improve patient value by defining 
transmural quality standards using VBHC principles as well as a shared Plan-Do-
Study-Act cycle (PDSA cycle), in the total care delivery value chain. The participating 
multidisciplinary healthcare providers, including providers in primary, secondary, and 
tertiary care (i.e. cardiologists, nurses, GPs, pharmacists, ambulance service, home 
care organizations, etc.), remain responsible for the implementation of the quality 
standards and improvement projects within their own professional field.  
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In order to outline the results of this stepwise methodology an elaboration of one 
highly prevalent medical condition in the field of cardiology will be illustrated in this 
paper, namely atrial fibrillation (i.e. arrhythmic disorder). [23] 

Stepwise methodology
To be able to improve patient relevant outcomes in the full cycle of care through 
a stepwise approach, a transmural standard of care is developed by healthcare 
providers in primary, secondary, and tertiary care. Support for the development 
and implementation of the transmural standard of care is enlarged by giving 
multidisciplinary healthcare providers the lead in this procedure, following a 
predefined roadmap concerning the following elements (Figure 1):

MULTIDISCIPLINARY 
NETWORKTEAM

DEFINE MEDICAL 
CONDITION

SELECT PATIENT 
RELEVANT OUTCOMES

SELECT INITIAL 
CONDITIONS

DESCRIPTION OF 
CARE PATHWAY

DESCRIPTION 
OF PROTOCOLS

DESCRIPTION OF 
AUDIT

SELECT PROCESS- AND 
STRUCTURAL MEASURES

DESCRIPTION OF REGIONAL 
TRANSMURAL AGREEMENT

1 2 3 4 5 6

FIGURE 1: Stepwise methodology

STEP 1: 	 A multidisciplinary networkteam is formed with a delegation of 
multidisciplinary healthcare providers from primary (i.e. GPs and primary 
care nurses), secondary (i.e. cardiologists and nurses), and tertiary care 
(i.e. electrophysiologists and cardiac surgeons).

STEP 2: 	 The medical condition is defined in which an uniform definition is 
described for the primary, secondary, and tertiary care process (i.e. 
based on prevailing medical standards and guidelines).
Subsequently, a selection is made of the most relevant outcomes 
and initial conditions for the medical condition. For this procedure 
the validated indicator sets of the Netherlands Heart Registration are 
used. [24] These sets cover all three tiers of the outcome measure 
hierarchy (Health status achieved or retained, Process of recovery, and 
Sustainability of health). [1]

STEP 3: 	 A description is made of the care delivery value chain (CDVC) of the 
medical condition in which the pathway of the patient is described 
in the full cycle of care. Within this care pathway also a description is 
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made when the patient is with which healthcare provider and what kind 
of activities and procedures are performed by the specific healthcare 
providers.

STEP 4: 	 A description is made of the required protocols of essential elements in 
the CDVC, contributing most to outcomes and costs. For instance, the 
referral and back-referral criteria are indicated, including the information 
needed by the ‘receiving’ healthcare provider. Through this procedure, 
quality of information is assured.

STEP 5: 	 A selection of process-and structure indicators regarding elements that 
contribute most to managing outcomes (1) and costs is made in order 
to indicate which activities in the care pathway and the organizational 
structure should be performed and assessed via quality indicators.

STEP 6: 	 In order to assess whether the implementation is performed as intended 
an audit is conducted based on the quality indicators (i.e. patient relevant 
outcomes, process-and structure measures). In establishing the audit 
criteria, healthcare providers determine the norm of implementation of 
the various indicators. Finally, a Regional Transmural Agreement (RTA) 
is developed as a summary of the relevant steps in the transmural 
standard of care. This RTA is, furthermore, communicated to all relevant 
health care providers involved as a leading document for the medical 
condition. 

Plan – Do – Study – Act cycle
An important aspect in the stepwise methodology is the continuous improvement 
of the patient relevant outcomes, since outcomes are the leading element in the 
VBHC strategy. The stepwise methodology incorporates the PDSA cycle in order 
to facilitate continuous (e.g. yearly) improvement using a structured and proven 
effective procedure. [20,21] After the finalization of the transmural standard of care 
this continuous improvement cycle is started and includes the following elements 
(Figure 2):

1.	 A first step after the development is the implementation of the transmural 
standard of care in the full care cycle. The participating healthcare providers 
have the responsibility to implement the agreements regarding the healthcare 
process in their own organizations.

2a.	 Within 6 months after the implementation an audit is performed by an audit 
team of healthcare providers. In every organization, at least 2 auditors assess 
whether the implementation is performed as intended. During the audit, the 
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completeness of patient relevant outcomes is assessed. Based on Porters’ 
outcome measurement landscape, process-and structure indicators are 
supportive towards the outcomes. [1] This stresses the importance of substantive 
testing of adherence to process- and structure indicators, as a measure of 
guideline adherence. Afterwards, an audit report is composed with the findings 
and advices for the specific organization.
The audit not only provides insights in quality of care and compliance to the RTA 
for the healthcare provider. Also, the NHN gains information about the feasibility 
of the RTA. These insights are a source of information for the continuous 
improvement cycle of the RTA. 

2b. 	At the moment of implementation in the healthcare organizations the patient 
relevant outcome measures are registered in the Electronic Medical Records 
(EMR) of the healthcare organizations. Every year the outcomes are extracted by 
data analysts in order to analyze the outcomes to include most relevant findings 
in the revised standard of care.

2c. 	 To include the opinion of patients, focus group interviews are annually organized 
for every medical condition. Suggestions of patients are also used to update the 
current standard of care.

2d. 	Subsequently in the process of continuous improvement the guidelines and 
national standards are reviewed and renewals are taken into account to update 
the current standard of care.

2e.	 Since the full cycle of care is organized by using the stepwise methodology, 
the possibility arises to initiate transmural innovation projects. Therefore, in the 
process of continuous improvement, leading organizations are invited to pitch 
potential innovations for the medical condition. Suitable innovations have the 
potential to increase patient relevant outcomes and reduce healthcare costs. 

3.	 Based on the results of the audit, guidelines and national standards, focus 
group interviews, patient relevant outcomes, and potential innovations in the 
multidisciplinary networkteam, a decision is made which improvements to 
the transmural standard of care are needed to enable improving the relevant 
outcomes and reducing the healthcare costs. Criteria used for decision making 
in this perspective are:

a.	 The improvement must concern a large group of patients;
b.	 The improvement needs to have an impact on the (reduction of) healthcare 

costs;
c.	 A maximum of 3 improvements are suggested per cycle (for every medical 

condition). By restricting the amount of improvements the effects can be 
evaluated and the implementation is more feasible;
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d.	 At least 1 improvement needs to be implemented regarding the patients’ 
perspective;

e.	 The improvement has to have an impact on patients’ satisfaction;
f.	 The improvements have an impact on the healthcare providers in primary, 

secondary, and tertiary care.

4.	 Thereafter, adaptations to the standard of care are made and the standard 
of care is re-implemented in practice, for which the healthcare providers are 
responsible.

FIGURE 2: PDSA cycle within the NHN

Relationship between the stepwise methodology and VBHC principles
As already mentioned, the stepwise methodology is based on the VBHC principles to 
develop, implement, assess, and continuously improve the most relevant outcomes 
for patients with a cardiac condition. Furthermore, the stepwise methodology follows 
a structured procedure for continuous improvement of the outcomes using the 
PDSA cycle. In Table 1 the relationship between the stepwise methodology and the 
embedded VBHC principles is outlined.
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