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Introduction

In 2013 the Committee on the Learning Healthcare System in America of the Institute of 
Medicine of the National Academies stated:

“If home building were like healthcare, carpenters, electricians, and plumbers 
each would work with different blueprints with very little coordination.” 1

This quote suggests a lack of coordination within the entire healthcare system as a whole. 
Recognizing this, the Institute of Medicine therefore organized several round table meetings 
to describe and explore a Learning Healthcare System and its associated challenges.1-7 With 
describing the Learning Healthcare System, the Institute of Medicine aimed to establish a 
system where 90% of clinical decision-making was supported with accurate and up-to-date 
clinical information based on the best-available evidence.2 Consequently, such a system 
would be designed to generate and apply the best available evidence to provide the most 
appropriate care to the patient.2 Care always starts with providing proven best-practices,3, 

4 as they form the foundation of the delivery of care. The interaction between patients and 
clinicians in the delivery of care generates valuable data, often captured in electronic health 
records. These data contribute to the ongoing improvement of care and innovation within the 
Learning Healthcare System. This process is facilitated by lining up research, informatics, 
incentives, and culture.3 Within the Learning Healthcare System-framework, three types 
of learning can be identified: 1) exchanging information between the clinical and research 
domain, 2) iteratively converting data to knowledge, knowledge to actions, and actions to 
data, and 3) recurring interactions with stakeholders.8 

While the Learning Healthcare System is primarily focused on providing care and learning 
from these interactions, the process for developing accurate and up-to-date products (e.g., 
systematic reviews and guidelines) based on the best-available primary evidence do not 
appear to be fully integrated in this system. Despite acknowledging the connection between 
practice and primary research,8 the evidence synthesizers and translators seem to be less 
explicitly involved (besides from describing an entry for learning from external evidence9). 
Instead, the primary data generation, synthesis, and translation process can be described 
as an Evidence Ecosystem,10-12 where evidence is developed and contextualized rather than 
being centered around care provision. Within this Evidence Ecosystem, each participating 
organization probably has its own role, for example, research organizations contribute to 
primary data generation, evidence synthesis organizations undertake data syntheses, and 
guideline developing organizations develop clinical practice guidelines. As primary research 
is included in systematic reviews, which in turn are included in guidelines, and guidelines are 
disseminated to clinical practice, the Evidence Ecosystems is a complex connected system 
where data and products interlace. Therefore, the coordination and collaboration required 
for evidence generation and contextualization extend beyond Learning Healthcare Systems 
to encompass Evidence Ecosystems as well. Despite the importance of infrastructure and 
collaboration for the flow of evidence  to clinical care,12 efforts within evidence production, 
synthesis, and translation appear to be siloed.11 Connecting Learning Healthcare Systems 
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and Evidence Ecosystems, as part of a future healthcare ecosystem, could involve creating a 
larger network of organizations evaluating, learning, collaborating, and co-creating products 
in their own context and with their own needs. 

As products circulate within the future healthcare ecosystem, it is likely that the original 
developer remains responsible for these products. For example, the evidence synthesizer 
remains responsible for their systematic reviews as they disseminate throughout the 
ecosystem. This accountability extends to monitoring the status of these systematic reviews 
over time. As new evidence is published in an increasing rate,13 systematic review might 
become outdated. In fact, it is suggested that 15% of systematic reviews may be outdated 
within a year after publication.14 Similar responsibilities apply to clinical practice guideline 
developers, where approximately 8% of the guideline recommendations may become 
outdated in the first year after development.15 Changes in what are considered to be important 
outcomes or changes in the available interventions could require updates.16 This potentially 
leaves conclusions in systematic reviews and recommendations in guidelines sub-optimal 
or even harmful, causing patients to potentially receive outdated or unnecessary care. It 
underscores the importance of continuously updating and refreshing products within the future 
healthcare system as needed. Consequently, both evidence synthesizers and translators are 
responsible to continuously update their circulating products. This becomes vital when these 
products interlace, as systematic reviews are often substantiate clinical practice guidelines, 
informing health-care decisions at the point of care. Furthermore, evidence translators may 
have additional responsibilities in presenting synthesized and translated knowledge into 
easily understandable formats so that end-users at the point of care can readily understand 
and apply the information provided.

Looking forward, such roles and responsibilities within a future healthcare ecosystem also 
may require participating organizations to adjust their current processes to better align with 
these evolving demands. These revised processes should aim to ensure timely, accurate, 
and up-to-date support for clinicians and patients at the point of care. For example, such 
adaptations may involve implementing processes to support continuous learning at the point 
of care, as well as supporting the ongoing developing and updating of syntheses and clinical 
practice guidelines. Additionally, there is a need to translate evidence into interpretable 
formats for broader utilization. Herein we must acknowledge that resources for such processes 
can be limited. Therefore, the development of new methodological guidance for processes 
and tools may be required to support organizations moving towards a future healthcare 
ecosystem while dealing with these resource limitations. Failing to contemplate, develop, 
and pilot these processes and tools for the future healthcare ecosystem, we remain to be 
carpenters, electricians, and plumbers building a home with different blueprints. A further 
complicating factor is the diverse contexts that organizations operate in, each potentially 
requiring specific adaptations to meet their needs. Ideally, comprehensive frameworks and 
tools for such processes are developed to enable organizations tailoring processes to their 
own unique needs and contexts.

The work in this thesis was established from an interdisciplinary perspective at the 
cross-section of methodology, organizational practices, evidence synthesis, and evidence 
translation. It represents a collaborative endeavor of the Knowledge Institute of the Dutch 
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Association of Medical Specialists and Cochrane Netherlands. 

The Knowledge Institute of the Dutch Association of Medical Specialists consults and 
supports developing, applying, and training in quality products and policies in the medical 
specialty domain, for example, with clinical practice guideline development, visitation 
training, and evidence syntheses.17 Through the translation of synthesized evidence to the 
Dutch context, clinical practice guidelines serve as the cornerstone of healthcare provision 
for medical specialists. However, the development of clinical practice guidelines may face 
challenges due to limited evidence availability, preventing making strong clinical care policies 
in terms of certainty and/or direction. This means that current guideline recommendations 
may be substantiated on evidence in which there is a (very) low certainty that their results 
reflect the truth for the average patient. It may even occur that there is no scientific evidence 
at all to base a recommendation on. The Knowledge Institute of the Dutch Association of 
Medical Specialists believes in evaluating current practice to substantiate the current clinical 
practice and refining clinical practice guidelines by prioritizing knowledge gaps for primary 
research communities.18 This, however, requires robust processes and tools for the clinical 
practice guideline portfolio to accommodate for an evolving evidence base and using priority-
setting to address resource constraints effectively.

The Cochrane Collaboration is an independent, global organization that produces trusted 
and timely evidence syntheses to address and support the most important health decisions.19 
Over 9000 of their Cochrane reviews are available in the Cochrane Library,20 including 
reviews of diagnostic tests, prognosis studies, and interventions. Besides producing evidence 
syntheses, the Cochrane Collaboration develops new methods for such evidence syntheses.19 
Representing the Cochrane Collaboration’s mission and vision, Cochrane Netherlands 
operates from the Netherlands as one of the global geographical groups. Such groups serve 
various functions, such as supporting Cochrane review authors, performing commissioned 
evidence syntheses, providing methodological consultancy, offering educational courses, and 
engaging in methodological research in the areas of evidence-based practice and systematic 
reviews.21 As an integral part of the global evidence synthesis community, Cochrane 
Netherlands could play an important role in a future healthcare ecosystem. The rigorous and 
trustworthy systematic reviews and commissioned evidence synthesis reports produced by 
Cochrane (Netherlands) are used in Dutch medical specialists’ clinical practice guidelines for 
a wide variety of topics. The development of these Dutch guidelines was supported by the 
Knowledge Institute of the Dutch Association of Medical Specialists. For example, Cochrane 
reviews have substantiated guidelines concerning antenatal corticosteroid use before an 
elective c-section,22, 23 clinical tests for sleep apnea in adults,24, 25 and deep brain stimulation 
for epilepsy.26, 27 This shows the pivotal role of systematic reviews substantiating clinical 
practice guidelines to inform important healthcare decisions by clinicians and patients at the 
point of care. Consequently, it underscores the need to keep both systematic reviews and 
clinical practice guidelines maintained over time to ensure their ongoing relevance and utility 
for clinicians and patients at the point of care.

By introducing the Knowledge Institute of the Dutch Association of Medical Specialists 
and the Cochrane Collaboration together with their respective products, a critical 
connection between the evidence translation and evidence synthetization is established. 
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This linkage plays a pivotal role in supporting important health decisions at the point of 
care. Looking ahead, the potential for these connections and collaborations to deepen is 
evident as networks formalize and develop into a comprehensive healthcare ecosystem. 
Even within this ecosystem, organizations are likely to have different roles and carry unique 
responsibilities. Adaptation of their processes is probably essential to serve these roles and 
responsibilities effectively in a future ecosystem, encompassing tasks such as continuous 
product maintenance and translating evidence in understandable formats. Consequently, 
organizations forming links and networks may find it beneficial to implement frameworks and 
tools fostering the transition towards a future healthcare ecosystem.

As we envision a future healthcare ecosystem, it becomes evident that organizations face 
the imperative of adapting their processes and responsibilities to align with the evolving 
healthcare landscape. This adaptation is crucial for ensuring that clinicians and patients 
receive timely, accurate, and up-to-date support at the point of care. The forthcoming 
chapters of this thesis provide theoretical frameworks and tools for processes regarding 
specific responsibilities required for organizations to thrive within this future healthcare 
ecosystem.

Thesis outline

This thesis aims to provide both theoretical frameworks and tools to support real-world 
processes in a healthcare ecosystem. Figure 1 projects the thesis’ chapters on entities in a 
potential future healthcare ecosystem.

The scientific literature outlines two distinct systems: the learning healthcare system2, 3, 8, 

12, 28, 29 and the evidence ecosystem.10-12 The learning healthcare system focuses on internal 
learning and improvement within the clinical field through activities such as analyzing clinical 
data.29 On the other hand, the evidence ecosystem concept involves the interactions between 
the primary research, the evidence synthesis, and evidence translation.10, 11 In real-world 
practice, processes in both systems may be interconnected and mutually beneficial, with the 
success of each system potentially dependent on the interactions between both systems. 
Chapter two presents a synthesized model that visualizes and explores how the learning 
healthcare system and evidence ecosystem could operate as one symbiotic healthcare 
ecosystem as a framework to speed up and improve complex processes from evidence 
generation to implementation and learning.

An important part of the symbiotic healthcare ecosystem is the point of care, where 
the essential patient-clinician interaction takes place. As earlier stated, the foundation of 
care always lies in providing best-practices.3, 4 Doctors, nurses, healthcare managers and 
supporting staff consistently implement and refine their practices, maintaining a commitment 
to excellence. Importantly, these best practices continuously learn, both from their internal 
processes and external information.9 Chapter three introduces a comprehensive framework 
featuring multiple indicators and a tool to evaluate a best practice. This may serve as valuable 
mirroring information, allowing practices within the healthcare ecosystem to reflect upon and 
learn from one another.
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CHAPTER TWO

As a learning healthcare system is designed to apply best evidence,2 the roles of evidence 
synthesizers and evidence translators become important in the symbiotic healthcare 
ecosystem. They are responsible to develop crucial products, such as comparative 
effectiveness systematic reviews and clinical practice guidelines. As these products circulate 
in the symbiotic healthcare system and serve as best evidence, a continuous effort to refresh 
and update these products to reflect the latest state of science and practice is imperative. 
The work described in Chapter four introduces a framework in analogy to a test-treatment 
strategy to design or tailor a process to maintain portfolios of systematic reviews or clinical 
practice guidelines. This framework aids in designing a maintenance strategy, providing 
organizations with multiple options to manage systematic reviews and clinical practice 
guidelines in their portfolio, irrespective of whether these products are outdated or not.

Unfortunately, resources such as time, budget, and workforce are constantly limited. This 
also applies to the available resources for the continuous maintenance of systematic reviews 
and clinical practice guidelines. Therefore, organizations must discern which systematic 
reviews and clinical practice guidelines have the highest priority for resource allocation. 
Chapter five builds upon the framework described in Chapter four by incorporating 
theoretical concepts of priority-setting assessments into maintenance strategies. This 
extension distinguishes the constructs of ‘assessing the need for updating’ from ‘priority-
setting’, utilizing concepts from diagnostic test accuracy methodology in analogy to describe 
the roles of priority-setting assessments. 

Figure 1. The thesis’ chapters projected on a schematic future healthcare ecosystem. The pink circles represent 
entities in a future healthcare ecosystem. The Learning Healthcare System (soft blue arrow) and the Evidence Ecosys-
tem (soft pink arrow) are schematically depicted. The bright pink arrows indicate chapters focused on processes or tool 
to establish connections in the system (Chapters two, seven, and eight). Chapters related to frameworks and tool for 
processes for one or multiple entities in a future healthcare system are denoted by bright pink boxes (Chapters three, 
four, five, and six).
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By recognizing the importance of priority-setting in maintenance strategies within the 
constraints of limited resources, it becomes important to understand the composition 
of these priority-setting assessments and how to assess priority itself. Chapter six first 
provides a theoretical frame of reference to help understand the components of a priority-
setting assessment. Subsequently, the chapter introduces a tool integral to priority-setting 
assessments, aimed at evaluating the priority of items such as key questions or guideline 
sections. The tool is designed to boost less represented perspectives among participants 
in a priority-setting assessment if deemed necessary and to seamlessly integrate into 
maintenance strategies described in Chapter four and five. Importantly, the tool is flexible, 
allowing organizations the autonomy to self-tailor their procedures, as long as the input 
format aligns with the tool’s requirements (i.e., a matrix of one score per participant per item).

When developing new products or updating existing ones within the symbiotic healthcare 
ecosystem post priority-setting, there’s a growing need for efficiency by reusing efforts already 
invested by other entities in the system. However, this heightened efficiency underscores 
the need for transparency and completeness of products, and increased availability and 
accessibility of data. Chapter seven bridges the evidence synthesis and translation entities 
by illustrating how information and data from systematic reviews can be effectively reused 
by guideline developers. Using a real-world example in the field of hepatocellular oncology, 
this chapter demonstrates benefits of efficiently reusing information and data from one entity 
by another entity. This approach seems particularly helpful during resource-constrained 
scenarios in the development of a clinical practice guideline segment.

Another challenge may arise when there are products circulating within the symbiotic 
healthcare ecosystem reflecting the latest state of practice and science but lack interpretability 
for their end-users. For example, understanding the practical implications of a diagnostic 
test’s summary sensitivity of 90% and a specificity of 80% for clinicians and patients at the 
point of care can be daunting. Chapter eight focuses on establishing a connection from 
evidence translators to end-users at the point of care, ensuring that diagnostic evidence is 
adequately translated into an understandable and interpretable format. This chapter provides 
considerations and guidance for communicating diagnostic test accuracy parameters in an 
interpretable manner using a hypothetical cohort, specifically aiding the decision-making 
process for selecting a representative pre-test probability.

Chapters two to eight collectively describe theoretical frameworks and tools for supporting 
processes throughout a future healthcare ecosystem. This thesis concludes with a general 
discussion in Chapter nine, providing a perspective on Chapters three to eight in light of 
the insights presented in Chapter two.
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Abstract

Background

Literature has traditionally discussed the concepts of evidence ecosystems and learning 
healthcare systems independently. Recent developments have highlighted potential benefits 
of integrating these systems. Converging both systems in as a single symbiotic framework 
can help address and overcome challenges within both individual systems. By combining 
these two systems, organizations may understand and support efficient generation, 
implementation, and application of relevant evidence in a timely manner. Therefore, the aim 
of this study was to integrate the EES and LHS into a single symbiotic model, serving as a 
framework to speed up and improve the complex processes from evidence generation to 
implementation and learning in clinical practice.

Methods

MEDLINE was searched to identify studies, reports, and reviews describing characteristics 
of an evidence ecosystem, learning healthcare system or both. Extracted characteristics 
from both systems were merged, qualitatively analyzed for emerging themes, and then 
visualized. These analyses and visualizations were used to construct the symbiotic healthcare 
ecosystem model as a framework converging the EES and LHS. 

Results

The symbiotic healthcare ecosystem model comprises of various entities. Co-creation with 
stakeholders ensures the relevance of data and products, while quality actions are essential 
for fostering trust in the data and products circulating the system. This framework has two 
key locations: 1) the point of care, where real-world data is generated during the patient-
clinician interaction, and 2) the data platform, a digital location facilitating interoperable 
data exchange, products, and knowledge throughout the system. An example is provided to 
illustrate how the involved entities collaborate within this model to generate, develop, utilize, 
and evaluate products across the system.

Conclusion

To capitalize on a symbiotic healthcare ecosystem, it seems important to understand vital 
aspects for connecting the sub-systems. The presented framework serves as a blueprint 
for understanding complex processes across both sub-systems. Examining these complex 
processes through the framework’s lens can assist in identifying both necessary and 
unnecessary delays, including inefficient organizational processes, along the pathway from 
evidence generation to implementation and learning.

Keywords: Learning healthcare system, evidence ecosystem, symbiotic healthcare ecosystem, 
concept formation, theoretical model
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1. Introduction

The Institute of Medicine stated in 2007 that a limited capacity for the timely generation 
of evidence was progressively responsible for delivered unimportant care and important 
undelivered care, besides failure to apply best evidence.1 Furthermore, there seems to be 
a delay of various durations in the health research translation process to benefit patients.2, 

3 One of the problems is that research, evidence syntheses, clinical practice guideline 
(CPG) production, and evidence adoption are seemingly performed in siloes.4 An evidence 
ecosystem (EES) should bridge the gap between the siloes of primary research, the evidence 
syntheses, and CPG development.4 Here, the Digital and Trustworthy EES framework 
proposes a closed loop of evidence production, evidence synthetization, CPG development, 
dissemination, implementation, and evaluation and improvement.5 

At the same time, a learning healthcare system (LHS) is a complementary framework to 
an EES.5, 6 An LHS is aimed at analyzing clinical data, generating evidence, and translating 
evidence into practices and enabling continuous quality improvements, innovations, and 
organizational learning.7 Interestingly, one of the conceptual EES frameworks describes 
evaluation and improving practices,5 while the LHS is described generating evidence1, 7 
and learning from critically appraised external evidence.8 Given that both concepts seem to 
create an entry for each other’s processes and products, they can potentially function as one 
system together. The EES and LHS likely engage in mutually beneficial interactions, forming 
what could be perceived as a symbiotic healthcare ecosystem (SHE). Certain problems and 
challenges need both the EES and LHS as sub-systems of a SHE to be effectively addressed. 
As research, synthesis, translation and adoption initiatives are largely siloed,5 the problem 
of timely implementation of new evidence in an LHS might (partially) be attributed to these 
inefficiencies and a lack of clinically relevant products in the EES. For example, barriers 
for implementing CPGs, such as their clarity, doubts about the efficacy of interventions 
and clinical outcomes, the sentiment that their evidence is incorrect or insufficient, or 
disagreement with the recommendations, 9 might cohere with a lack of such relevance.

To understand and support efficient generation, implementation, and application of relevant 
evidence in a timely manner, it is important to explore the interplay between the EES and LHS 
as interdependent sub-systems in a symbiotic model. This entails a focused examination on 
data generation, evidence product development, and the seamless exchange of these data 
and products within and between the EES and LHS. While the EES and LHS were previously 
described separately, it was recently suggested to integrate EES advancements into the 
LHS. 6 However, understanding and setting-up efficient complex real-world processes in the 
pathway from evidence generation to implementation and learning, spanning both the EES 
and LHS, may require more direction for guidance than solely integrating new developments 
from complementary systems. Therefore, an important next step is to integrate the EES and 
LHS into one SHE framework. 

The envisioned SHE should establish a framework wherein entities seamlessly communicate, 
effortlessly exchange, and continuously learn. Potentially relevant stakeholders, pathways, 
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and infrastructure involved in new or existing complex real-world processes across sub-
systems might be identified through the SHE-framework, together with the required data 
and products. A symbiotic framework could thereby aid in understanding inefficiencies along 
such complex processes. Therefore, the aim of this study was to integrate the EES and LHS 
into a single symbiotic model, serving as a framework to speed up and improve the complex 
processes from evidence generation to implementation and learning in clinical practice.

2. Methods

2.1 Search strategy and study selection

On the 2nd and 12th of April 2022 searches were performed in MEDLINE via PubMed 
to identify reports describing an EES and LHS, respectively. The search string and the 
selection criteria can be found in Additional File 1. Given the extensive yield of studies in the 
initial search strategy for LHS, the search results were confined to (systematic) reviews and 
reports to avoid duplicative efforts with other published reviews on LHS characteristics. Two 
authors (MSO, FMJ) independently screened the titles and abstracts of the search retrieval 
for potentially relevant reports and articles, with conflicts resolved in a meeting. Thereafter, 
all potentially relevant articles and reports were read full text for their eligibility by two authors 
(MSO, FMJ) blinded from each other’s selection decisions, resolving any conflicts in a 
subsequent meeting. Additionally, one author (MSO) hand-searched the reference lists of 
the included studies for potentially relevant articles missed by the search strategy.

2.2 Data extraction

Data was extracted by one author (MSO) and checked by a second author (FMJ). Data 
regarding the following EES or LHS characteristics were extracted: the areas or components 
in the system, the actors, links or cooperation in the system, products in the system, data 
handling, data quality and values or procedures, governance, and use of (digital) platforms. 
For EESs, methods for product maintenances were additionally extracted. For LHSs, data 
sources and methods or mechanisms for learning or evaluation were additionally extracted.

2.3 Single systems, intermediary analyses, and model 
development

Distinctive characteristics extracted from the EES and LHS datasets were summarized 
to delineate each system individually. Subsequently, the extracted items from both systems 
were combined per characteristic of interest where possible. The items were qualitatively 
clustered by one author (MSO) to identify emerging themes within each characteristic, serving 
as a first intermediary qualitative analysis. Extracted items within each characteristic were 
immediately treated as code labels, which were grouped together to directly derive themes 
from the data within each characteristic by hand in text-processing software. Identical or 
similar code labels (e.g. electronic health records or similar terms) from different references 
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were merged into a single item for data reduction. This intermediate analysis was checked by 
and discussed with a second author (FMJ) to ensure alignment and consensus, whereafter 
MSO adjusted the analysis accordingly. Following the thematic grouping of data, one author 
(MSO) visualized potential links, mechanisms, relations, and hierarchies per characteristic 
as thematic visualizations from the derived themes and extracted items as subsequent 
intermediary analyses in flowchart design software. These visualizations were iteratively 
discussed with a second author (FMJ) for alignment and consensus in multiple meetings to 
further refine the understanding. All intermediary analyses were used to construct the SHE-
model layers that encapsulated different aspects of a SHE, resulting in an aggregated model. 
A complex process spanning both the EES and LHS was mapped to the aggregate model 
providing an example to illustrate the application of the SHE framework as a proof of concept.

3. Results
 
3.1 Search and data extraction

Thirty-six unique articles, reviews and reports were selected for EES4, 5, 10-24 and LHS5, 7, 

8, 25-41 characteristics, respectively (Figure S1 in Additional File 2). One article 5 described 
characteristics of both systems. Excluded studies in the full-text selection phase with 
reasons for exclusion can be found in Table S1 in Additional File 2. The extracted data for 
both the EES and LHS can be found in Tables S1 and S2 in Additional File 3, respectively.

3.2 Summarizing individual systems

Table 1 highlights key characteristics of EESs and LHSs based on the extracted data. 
Both systems seem to include patients, clinicians, researchers, and policymakers, although 
EESs appear to prioritize roles related to generating, synthesizing, and translating within 
their framework. These EESs seem to focus on reducing research waste and generating 
trustworthy products. Furthermore, LHSs seems to prioritize roles regarding evidence 
utilization, evaluation, and learning while seemingly placing greater emphasis on including 
patients and their family members. Researchers in LHSs seem to produce primary evidence 
(both observational and trials) based on electronic health records, patient reported outcome 
measures, and experiences of care during routine care. Such LHSs appear to emphasize 
using these products for continuous evaluation and learning within their framework. 

3.3 Intermediary analyses

Emerging themes from the qualitative clustering of EES and LHS data per characteristic 
are described in Table S3 in Additional File 3. The visualizations based on the emerging 
themes and clustered data per characteristic (except for ‘links and cooperation’, as this is 
visualized in the model’s foundation layer) can be found in Figures S1-S10 in Additional File 
3. 
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Table 1 – Highlights of key system characteristics

Within the Evidence Eco-
system Framework

Within the Learning Health-
care System Framework

Public and 
patients

The public14, 21

Patients4, 5, 14, 19
Communities7, 30, 35, 39

Patients5, 7, 25-33, 35, 39, 41

Family-members7, 25, 27, 30-32, 35

Care Actors Clinicians, health care 
professionals or providers, 
physicians, (general) practi-
tioners, or practitioner-aca-
demics4, 5, 11-14, 19, 21, 23

Clinician-scientists25

Clinicians, physicians, or 
health care providers5, 7, 26-36, 

39, 41

Products / 
data in the 
system

Electronic health record 
data5, 20

Real-world data4, 5

Best-practices35

Medication alerts35

Data-dashboards31

Registries34

Nationwide health information 
network / exchange34

Patient data and electronic 
health records5

Evidence Primary 
research

Actors Producers of information/
knowledge15, 17-19, 21, 24 
Researchers, trialists, or 
academics4, 11-14, 17, 20, 24

Scientific community, research 
networks, or quality and 
research agencies5, 33, 41

Researchers7, 26, 27, 29, 31-33, 35, 

39, 41

Products / 
data in the 
system

Primary research, reports, 
data (e.g. qualitative, quan-
titative, observational, quasi 
experimental, longitudinal, 
trial)4, 5, 17, 20, 21, 23, 24

Observational studies 
(prognostic models,28, 29, 31, 41 
real-world effectiveness41)
Trials (randomized con-
trolled,41 pragmatic/simple 
trials,28, 29, 40 evaluating models 
of healthcare delivery,29 and 
on patient, unit, or hospital 
level29)

Evidence 
synthesis

Actors Evidence synthesizers5, 10, 

18, 21
–

Products / 
data in the 
system

(Living) systematic reviews 
and evidence syntheses4, 5, 

12-16, 18, 19, 21, 23, 24

(Living) evidence (gap) 
maps4, 10, 12, 18, 24

–

Evidence 
transla-
tion

Actors Knowledge curators or trans-
lators, evidence processors, 
evidence brokers17-19, 21, 23, 24 
Guideline developers4, 23

–

Products / 
data in the 
system

(Living) clinical practice 
guidelines5, 13, 16, 19

Policies or evidence briefs16, 

17

Decision-support systems5, 

16.

Clinical practice guidelines36

Clinical decision support tools/
system5, 31, 35, 39

Policy Actors Policymakers, politicians, or 
decision-makers11, 13-15, 17, 18, 

21, 23, 24

Policy makers or Decision 
makers 31, 33, 41

Organi-
zations / 
depart-
ments

Government (departments)4, 

23, 24

Regulatory agencies/author-
ities4, 13, 14

Local health authorities13

Health policy authorities4

Federal government33

Governmental departments34

Regulatory agencies34

Federal Health and human 
services34
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Support Methodologists4, 5, 12

Statisticians4, 12, 20

(Topic) experts15, 18, 20

Healthcare system or pro-
gram managers4, 13, 21.

Health system leaders25, 28, 

29, 31, 32 
Clinical program leaders26

Network leaders27

Thought leaders on continu-
ous improvement31

Learning Evaluation – Networks evaluate their pol-
icies, functioning, manage-
ment structure27

Evaluate the impact of re-
search resources27

Evaluate the effects of 
implementation to redefine or 
de-implement ineffective or 
harmful interventions28

Generate and test hypothe-
ses33

Learning – Learning as (intermittent) in-
formation exchange between 
the clinical domain and the 
research domain31

Learning as a continuous 
circular process of converting 
(routine care) data to knowl-
edge; knowledge to perfor-
mance; performance to data31

Learning as a recurrent inter-
action between stakeholders31

Platforms 
and data 
sources

Virtual and central or interop-
erable repository platforms/
repositories5, 11, 20, 24

Platforms to process or map 
evidence5, 21, 24

Electronic health records25, 27, 

28, 31, 33, 34, 39-41

Patient reported outcome 
measures28, 31, 40

Experiences of care (patient 
or professional)26, 31

Evidence from trials, studies, 
and reviews8

Values Reducing research waste13, 23

Using reporting guidelines12, 

13, 18

Using risk of bias assess-
ments4, 12

Conflict of interest disclosure 
and management13

Promoting best practices in 
the production, updating, and 
dissemination of systematic 
reviews and guidelines13

Access and use of data in 
manners that are socially 
beneficial35

Continuously improving qual-
ity through knowledge from 
every care delivery experi-
ence30

Independent researchers pub-
lish on the quality of care26

Standardized processes, pro-
tocols and policies (including: 
communication policies, da-
ta-sharing, privacy protection, 
regulatory compliance)27

Technology reducing data-en-
try burden and facilitating care 
to results in data useful for 
research and learning27

Synthesized from the data-extraction tables. Some items are merged to prevent heterogeneous 
terms and a wide array of similar items within this table. See Tables S1 and S2 in Additional File 3 for 
the complete data extraction for both systems. 
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3.4 Connecting both systems

Four separate SHE-model layers encapsulate different aspects of a SHE, covering its 
foundation, its infrastructure, its quality actions, evaluation, and learning aspects, and its 
governance structure. These four layers are also presented as an aggregated model.

3.4.1 Foundation layer

Figure 1 illustrates the foundation layer of the model (using the intermediary analyses of 
‘links and cooperation’, ‘actors’, and ‘components, traits and properties’), serving as the basis 
for subsequent layers. Within this layer, nine key entities within the SHE are identified: the 
public, accountable care, primary research, media, industry/commerce, evidence synthesis, 
policy, evidence translation, and funding. The public and accountable care are involved in co-
creation activities throughout the SHE, collaborating in tasks such as co-generating research 
questions and co-developing products to ensure clinical relevance. Meanwhile, the funding 
entity plays a crucial role in mobilizing resources for the SHE. The flow of evidence within 
the system was mapped using push and pull forces of ‘evidence pumps’. Evidence users 
and commissioners create a pull force by requesting evidence, while evidence generators, 
synthesizers, and translators create a push force by providing evidence and products. 
Furthermore, two distinct locations within the system are identified in this layer: 1) a physical 
location, known as the point of care, where interactions occur between the public, accountable 
care, primary research, and evidence translation; and 2) a digital location represented by the 
data platform, which facilitates harmonization and exchange of data across the system. For 
an extended visualization of the model’s foundation layer, see Figure S1 in Additional File 4.

3.4.2 Infrastructure layer

See Figures S2 and S3 in Additional File 4 for extended and simplified visualizations 
of the infrastructure layer (using the intermediary analyses of ‘data sources [LHS only]’, 
‘platforms’, ‘products’, and ‘data presentation/packaging’). Within this layer, it seems that 
each entity within the SHE contributes to data generation and/or product development, 
which can be stored in databases accessible through the data platform at the heart of the 
system for exchange. Various data types were identified throughout the system, including 
observational data (e.g. citizen monitoring data, real-world data from the point of care, 
longitudinal data from research, economic evidence), experiences (e.g. patient experiences, 
qualitative data) and experimental data (e.g. quantitative data an individual patient data 
from randomized controlled trials). Structured data can be stored in diverse databases, 
such as biobanks, (trial) registries, clearinghouses, claims databases, health information 
databases, and marketplace-like databases. These databases are linked and interoperable 
while accessible through an end-user interface. This interface may offer various tools like 
catalogues, private research environments, code mappers, interactive data visualizers, and 
information packaging and synthesis tools. Furthermore, data may be generated to develop 
new products or be shared with other entities for product development. For example, data 
from randomized trials are used to develop systematic reviews with meta-analyses, which 
in turn are used to develop CPGs. The primary research entity, evidence synthesis entity, 
and evidence translation entity seem to have multiple types of products within the SHE, 
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including various research types (e.g. prognostic, diagnostic, randomized trials, impact 
analyses, quasi-experimental), diverse syntheses (e.g. scoping reviews, systematic reviews, 
summaries, measurement properties reviews, rapid reviews), and contextualized products 
(e.g. CPGs and decision aids). 

3.4.3 Quality, evaluation, and learning layer

Extended and simplified visualizations of the quality, evaluation, and learning layer (using 
the intermediary analyses of ‘values and procedures for quality’, ‘learning and evaluation [LHS 
only]’, and ‘updating/maintenance [EES only]’) in a SHE-model can be seen in Figures S4 and 
S5 in Additional File 4, respectively. Within this layer it was identified that there is attention 
for standardization, privacy, security, and transparency for sharing data and products. To 
maintain ongoing trustworthiness, evidence synthesis and translation entities were identified 
developing living and rapid products. Various quality actions are employed throughout the 
symbiotic system to create trust in these processes and products. For example, adopting the 
GRADE approach (both the GRADE system and GRADE evidence-to-decision), conducting 
risk of bias assessments, leveraging automated technologies, and adhering to reporting 
guidelines. These actions seem to aim at generating clear, usable, and relevant evidence 
that can be trusted by other entities within the SHE. Furthermore, within this layer, learning in 
the SHE is facilitated through three learning pathways 31, aimed at utilizing the best available 
evidence at the point of care and conducting research or evaluating impact during routine 
care processes. The first pathway involves a connection between the clinical and research 
domains, facilitating intermittent information exchange. The second pathway provides an 
extended route for converting data into knowledge and incorporating evidence from EESs 
into networks of actors and organizations aimed at sharing and using (translated) knowledge 
at the point of care. The third pathway provides opportunities for learning from mirroring 
information and reflecting on the network functioning, patient experiences and individual 
(clinical) outcomes. Such external evidence and mirroring information are exchangeable 
through the data platform. 

3.4.4 Governance layer

Within this layer, governance within the SHE is identified to take place on different levels: 
at a global level, a decision-making level, an executive level, and an operative level. See 
Figure S6 in Additional File 4 for a visualizations of the model’s overarching governance layer 
(using the intermediary analyses of ‘governance’). At each level, committees, boards, and/
or assemblies are identified and play a role in overseeing the governance of the system. For 
example, at the decision-making level, an ethics and privacy board may be established to 
address issues related to privacy protection, protecting the interests of data-sharing parties, 
and offer advice regarding ethics and privacy for the network and its actors. 

3.4.5 Aggregated model

Figure 2 shows an aggregated SHE-model in which elements of all layers are merged. An 
extended visualization is shown in Figure S1 in Additional File 5. The aggregated model is 
static, depicting where data is generated and products are developed. However, Figure 3 
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represents a dynamic process showcasing the development of a CPG and a patient decision 
aid. These products are developed based on evidence syntheses derived from primary 
research, whereafter it is disseminated, applied, and evaluated in the point of care facilitating 
iterative learning cycles. In Figure 4, this dynamic process is mapped onto the aggregated 
SHE-model, illustrating the interplay between entities as data and products from one entity 
are used by other entities across the system. Key stakeholders, infrastructure, pathways, 
data, and products for this process can be identified this way. Throughout the system, co-
creation ensures relevance and quality actions are aimed at ensuring trustworthiness of 
processes, procedures, and their resulting products. Moreover, observational data generated 
at the point of care may spark new hypotheses, prompting further primary research in 
controlled settings. This iterative cycle facilitates the initial testing of emerging hypotheses, 
driving innovation and advancement within the SHE.

4. Discussion

The current study aimed to integrate the EES and LHS in a single SHE-model as a framework 
to speed up and improve complex processes from evidence generation to implementation 
and leaning in clinical practice. We discuss the essential aspects for connecting the EES 
and LHS effectively we identified from merging both systems. The SHE-framework (Figure 
2) serves as a blueprint for connecting existing EESs with LHSs in the real world. It outlines 
various entities and actors contributing to generating and exchanging relevant data and 
products within the system through co-creation and quality actions. These data and evidence 
are produced for other entities in the system, both within and between sub-systems of a SHE. 
The blueprint supports the recent appeal to deliver pathways, infrastructure, enablers, and 
health benefits for the community6 by connecting both systems. It might help in identifying 
relevant stakeholders, pathways, infrastructure, and products when complex and dynamic 
processes are mapped to the model overarching both the EES and LHS, similar to the 
example provided in Figure 4.

The LHS learning cycle integrates external evidence8 and the EES contains the step 
“evaluate and improve practice”. 5 It is crucial to understand the operational levels of both 
sub-systems. Here, the LHS is typically handling implementation and evaluation at a national 
or even a local level. 5 The EES undertakes evidence generation and synthetization at a 
global level. In this context, both the evidence translation and primary research entities 
seem to play a crucial role in bridging the LHS and EES. The evidence translation entity 
transfers global evidence from the EES for dissemination and implementation to the national 
or local LHS by contextualization. The primary research entity plays a role in both performing 
evaluations using real-world data in the LHS and generating primary evidence in the EES. 
The availability and accessibility of data and products plays a central role in the concept of 
an optimal interaction within and between systems, with a data platform in the system. This 
platform should be accessible by all participating entities. Although there are separate roles 
and responsibilities in the system, all can benefit from unhindered data exchange. 

Data and evidence are generated throughout the SHE (see Figure S2 in S4 File). Real-
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world data is generated from patient-clinician interaction in the LHS sub-system and studies 
are conducted during normal care. In the EES sub-system, the primary research entity 
conducts studies outside normal care to generate primary (experimental) data for syntheses 
by evidence synthesizers. These evidence syntheses may then be translated through the 
evidence translation entity (e.g. by developing CPGs, see Figures 3 and 4) and disseminated 
to and implemented in the LHS. Subsequently, data about evaluating the impact of translated 
products is generated at the point of care in the LHS. Products and data generated on 
one site in the system may be used to develop products at other sites in the SHE. As lots 
of data can be generated for lots of different purposes in a SHE, it becomes important 
to consider the nature of the generated data and products. For observational real-world 
data, for example, carefully designing and emulating a target trial may currently represent 
the best available method for causal inference42 within the LHS for evaluative purposes. 
These evaluations have the potential to generate new hypotheses, which can subsequently 
be explored within the EES, leading to the development of new or updated contextualized 
products. Furthermore, observational data generated within the LHS can be used for other 
types of research within the EES, particularly where observational designs adequately 
provide answers to the research questions. Overall, there are various types of data and 
questions in a SHE. Different research and synthesis questions need different methods, 
data, and analytical approaches. 18 

Practice changing new insights and evidence should be integrated in CPGs as soon 
as possible. Thus, unnecessary delays should be prevented2 in a SHE. One source of 
unnecessary delays could be the lack of relevant products in the EES. To mitigate this, 
co-creation initiatives throughout the SHE can ensure that products remain relevant for end-
users within the system. Co-creation can aid in producing tailored outputs 4 of EES products 
for end-users. Another unnecessary delay in the system could be (not) finding relevant data 
and products, and not being able to exchange them efficiently within and between systems. 
Adding metadata to data making them findable, accessible, interoperable, reusable, and 
trustworthy43 is therefore essential for a SHE. Together, the Fast Healthcare Interoperability 
Resources (FHIR) specification44 and its extensions cover parts of both the LHS (with FHIR 
for clinical data) and the EES (with EBMonFHIR44-46 and CPGonEBMonFHIR47, 48 for primary 
research, systematic reviews, and CPGs). The first steps in connecting the EES and LHS 
using FHIR has been made, where CPG recommendation adherence was monitored using 
clinical data. 48 Furthermore, it crucial to share identified evidence gaps from systematic 
reviews and CPGs systematically with the primary research community, commissioners, and 
funders. 

When exchanging data and products, users need to trust the quality. Additionally, there 
should be attention for privacy and security, especially when exchanging person-level data. 
All participating entities in a SHE could agree upon minimally acceptable practices for privacy, 
security, quality, and transparency. Much guidance for rigorous development and transparent 
reporting guidelines for products that would circulate the SHE already exists and are readily 
available. The primary research entity has reporting guidelines (e.g. CONSORT statement, 

49 also see the EQUATOR network50) and even core outcome sets (e.g. see the COMET 
initiative51 and ICHOM52). The evidence synthesizing entity has development handbooks for 
several types of reviews53-58 and  PRISMA reporting guidelines. 59 For guideline developers 
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there are essential domains, 60 handbooks, 61, 62 a framework for adaptations, 63 guidance 
for assessing the certainty of a body of evidence64 (along with numerous ongoing GRADE 
publications in peer-reviewed journals), and even a framework to transparently report the 
considerations from evidence to recommendations. 65 However, it should be acknowledged 
that products in the EES take time for rigorous development. Speeding up the process might 
compromise the quality66 and building a body of evidence through replication obviously 
takes time. Such delay is necessary to gain certainty about the safety and efficacy of new 
developments2 and may therefore be a necessity in a SHE. This should not mean that there 
is no opportunity to rapidly learn in the local LHS. Evaluating their practices and patient 
experiences while mirroring processes and procedures from other practices in the system 
might create quality improvement through learning from these evaluations and reflections. 
This, however, might be more on the level of improving internal processes, diagnostics and 
prognosis, teamwork, culture, knowledge exchange, implementation, resource expenditure, 
(patient) experiences, learning opportunities, and technical skills, etc. instead of introducing 
new treatments with promising results from observational data to improve health outcomes 
in a practice. 

Factors influencing the success or failure of the system may be accepting of the model 
itself12 and the willingness to participate11 or support.24 Co-creating significant organizational 
changes22 may be required as community-building and the agility to adapt to changing needs22 
seem important. Furthermore, it might be important to reach agreement on statues and financial 
contributions11 (including investing dedicated resources7), understand individual perspectives 
and assumptions, 20 and match expectations and activities11 within the system. Suitable 
personnel11 with expertise7 having incentives23 and appropriate rewards and recognition12 
may be important in a system with a precompetitive spirit20 and without competing initiatives. 11 

It is essential that organizations in the SHE feel responsible to deliver and support the 
SHE, where they focus on exchanging and maintaining their data and products sustainably. 
Organizations should initiate changes to address such responsibilities adequately, 
anticipating that new developments could evolve their internal processes over time. For 
example, organizations may need to adapt their current processes to enable continuous 
maintenance of their products by setting-up internal processes for living systematic reviews, 67 
living CPGs, 68 or tailored maintenance strategies69 to reduce unnecessary delays caused by 
outdated updating procedures (e.g. update every 3 years). When challenges are overcome, 
organizations should adjust their internal processes that now create unnecessary delays 
in the pathway from evidence generation to implementation. These processes may need 
revisitations over time, as new developments could create new unnecessary delays in the 
pathway. 

One of the limitations in this study is the discrepancy in the search strategy for EES and 
LHS. While we focused on reviews describing the LHS, we did not limit the search for EES 
characteristics to reviews. This approach, motivated by practical reasons, may have resulted 
in overlooking primary studies that describe LHS characteristics not captured in reviews 
and could furthermore have limited our discussion of factors influencing the success of the 
system. Nonetheless, we believe a wide variety of characteristics were captured making it 
able to develop a SHE-model. Another limitation is that the visualizations of the SHE might 
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show layers and models which reflect our own interpretations and perspectives. This could 
deviate from how such a model would operate in the real world. In fact, the visualizations 
altogether are envisioning a system and its functioning that currently solely seems theoretical 
and forward-looking. However, the presented SHE-model might clarify how complex 
processes in such systems could function. 

5. Conclusion

To capitalize on a symbiotic system focused on optimal evidence generation and 
implementation, it seems important to understand important aspects for connecting the EES 
and LHS sub-systems (see Box 1 for a summary). Unhindered availability of relevant and 
trustworthy data and products in relevant formats seems to be a key factor in this symbiotic 
system. The nature, relevance, and use of data generated throughout the system should 
be understood and system-wide agreements on privacy, security, transparency, quality, 
and data exchange are needed for trust. Co-creation and sharing knowledge gaps could 
furthermore ensure the relevance of products in the SHE. The SHE-framework can be 
used as a blueprint to map complex processes over its connected sub-systems. This could 
identify relevant stakeholders, pathways, infrastructure, data, and products for existing or 
new real-world processes across these sub-systems. Considering such complex processes 
through the SHE-framework’s lens supports identifying (un)necessary delays in the identified 
pathways (including organizational processes) from evidence generation to implementation 
and learning. Stepwise implementation of a symbiotic healthcare system has the potential to 
speed up and improve evidence generation, implementation and learning in clinical practice.
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Box 1. Discussed aspects for a symbiotic healthcare ecosystem focusing on an optimal pathway from 
evidence generation to implementation and learning.

Levels

•	 An understanding that both sub-systems operate on different levels: the EES operates on a global level, 

where the LHS operates on the national or local level. This includes:

	» An understanding that evidence translators contextualize global evidence for the national or local 

context in the LHS.

	» An understanding that the primary research entity may play a role in both national/local evaluations 

in the LHS and in the generation of primary evidence used globally in the EES.

Relevance of data and products in the system

•	 An understanding of the nature, relevance, and use of data and products generated across the system.

•	 The inclusion of clinicians and patients in co-creating products throughout the entire system.

•	 Usage of relevant formats of data and products for other entities and actors in the system.

Infrastructure and exchangeability

•	 Usage of linked, interoperable, and searchable databases to efficiently transfer data and products between 

and within sub-systems:

	» Making data and products in databases searchable for all participating entities by adding meta-data.

	» Usage of a common language (or languages that are compatible) to communicate when exchanging 

data.

Trustworthiness

•	 Agreements on the minimal acceptable practices to:

	» Ensure privacy and security.

	» Generate and develop trustworthy data and products in the EES system.

	» Evaluate (contextualized) impact and effectiveness claims from the EES in the LHS.

	» Transparently report products and data.

•	 An understanding of how trustworthy products may take time to be developed in the EES before 

implemented in the LHS with an acceptable certainty.

Roles and responsibilities

•	 Agreements on the minimal acceptable practices in the system may need revisitation over time to remove 

unnecessary delays caused by outdated internal organizational processes.

•	 An understanding that participating organizations remain responsible for the currency and rigor of their 

circulating products in the system, including:

	» An understanding that participating organizations may need to adapt their internal processes to 

meet such responsibilities.
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Additional File 1 
 
Evidence ecosystems

Search string (MEDLINE via PubMed)
“evidence ecosystem”[tiab] OR “evidence ecosystems”[tiab] OR “evidence eco-system”[-
tiab] OR “evidence eco-systems”[tiab] OR “evidence universe”[tiab] OR “evidence net-
work”[tiab] OR “evidence networks”[tiab]

Inclusion criterium
•	 When any characteristic of (parts of) an EES or a similar concept in a health care con-

text was described in a report or study

Exclusion criteria
•	 When describing living systematic review or living guideline methodology when not 

placed in the context of an EES
•	 When solely describing results or methodologies for systematic reviews and/or (net-

work) meta-analyses 
•	 Conference abstracts

Learning healthcare systems

Search string (MEDLINE via PubMed)
(“learning health”[ti] OR “learning healthcare”[ti]) AND (“Systematic Review”[pt] OR “Revie-
w”[pt])

Inclusion criterium
•	 When any characteristic or (parts of) an LHS was described in a (systematic) review

Exclusion criteria
•	 When not having LHS as a main topic
•	 When solely reporting (clinical) results and/or compared outcomes in an LHS, 
•	 When describing the management of a health condition within an LHS
•	 When describing a system specifically developed for one or multiple clinical conditions, 

health professions or clinical fields, 
•	 When describing a different system in analogy to an LHS
•	 When describing a process to promote, enable, or move towards an LHS
•	 Conference abstracts
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Additional File 2

 

 
 
 

Evidence ecosystem
(EES) 

Records identified from
MEDLINE (via PubMed)
on the 2nd of April, 2022: 

n = 114

Learning Healthcare
system (LHS) 

Records identified from
MEDLINE (via PubMed)

on the 12th of April, 2022: 
n = 66

Records screened on
title/abstract: 

n = 114

Records screened on
title/abstract: 

n = 66

Records excluded on
title/abstract: 
EES: n = 89 
LHS: n = 31

Reports sought for
retrieval: 
n = 25

Reports assessed full-text
on eligibility 

n = 25

Reports unable to retrieve: 
EES: n = 0 
LHS: n = 0

Reports sought for
retrieval: 
n = 35

Reports excluded on full-
text 

EES: n = 12 
LHS: n = 18 

Exclusion table and
reasons for exclusion

available in Suppl. File 2

Reports assessed full-text
on eligibility 

n = 35

Reports included from
MEDLINE (via PubMed): 

EES: n = 13 
LHS: n = 17

Additional reports included
from citation search: 

EES: n = 4 
LHS: n = 2

Total reports included
for analysis: 

n = 36 

Figure S1. Flow of study selection. A flow diagram describing the study selection process.
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Figure S4. Intermediary visualization of the ‘Data sources (LHS only)’ characteristic. The visualization shows 
possible relationships of actors, data sources, products and databases resulting from the emerging themes and their 
items identified in the first qualitative intermediary analysis (see Table S3 in Additional File 3).
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Figure S5. Intermediary visualization of the ‘Data presentation/Packaging’ characteristic. The visualization 
shows an overview of how information is possibly linked, accessed. exchanged, packaged, visualized, and communi-
cated resulting from the emerging themes and their items identifi ed in the fi rst qualitative intermediary analysis (see 
Table S3 in Additional File 3).
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Figure S6. Intermediary visualization of the ‘Values and procedures for quality’ characteristic. The 
visualization shows an overview of possible relations between values and procedures resulting from the emerging 
themes and their items identified in the first qualitative intermediary analysis (see Table S3 in Additional File 3).
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Rapid
recommendations

A process for
matching emerging

evidence to the
relevant collection or
cluster (i.e. a living

universe)

Living systematic
reviews (based on a

living protocol)

Living network meta-
analysis

Living guidelines

Living evidence

Artificial intelligence
and automation

identifying, coding,
and abstraction of

data

Figure S7. Intermediary visualization of the ‘Updating/maintenance (EES only)’ characteristic. The visualization 
shows a possible process for maintaining products through a living process of evidence for rapid recommendations 
and/or living guidelines, which resulted from the emerging themes and their items identified in the first qualitative 
intermediary analysis (see Table S3 in Additional File 3). 
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Figure S9. Intermediary visualization of the ‘Governance’ characteristic. The visualization shows an overview 
of a possible governance structure resulting from the emerging themes and their items identified in the first qualitative 
intermediary analysis (see Table S3 in Additional File 3).
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Figure S10. Intermediary visualization of the ‘Platforms’ characteristic. The visualization shows an overview of 
platforms, tools, uses, architecture and their possible relations resulting from the emerging themes and their items 
identified in the first qualitative intermediary analysis (see Table S3 in Additional File 3).
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Abstract 
 
Background

Best practices play a vital role in generating evidence for assessing healthcare outcomes, 
resilience and wellbeing of health and care workers, and patient experiences. Evaluating 
best practices is crucial for understanding their processes, characteristics, and influencing 
factors. Such evaluation is an essential step toward establishing a learning healthcare, where 
the assimilation of best practices is facilitated by aligning scientific research, informatics, 
incentives, and cultural norms. This synergy promotes continuous improvement and 
innovation in healthcare, ultimately leading to better outcomes and patient experiences and 
resilient care workers. This study aims to propose a framework that uses qualitative methods 
to identify quality indicators for evaluating best practices in hospitals, facilitating the transfer 
of successful practices. 

Methods

A hermeneutic literature review process was used to select relevant literature for the 
creation of a framework to evaluate best practices in the hospital setting. The framework 
was constructed based on existing frameworks used for analyses related to best practices in 
healthcare. Several rounds of literature searches were conducted to identify quality indicators. 
The authors used a qualitative approach to construct the framework, and inductive thematic 
analysis was performed to identify emerging themes from the quality indicators identified in 
the literature. In addition, we interviewed an expert in the field to validate the literature results.

Results

The evaluation of best practices in a hospital environment takes place on four essential 
axes: context, processes, outcomes and learning capability. The framework shows that within 
these four axes, a multitude of criteria, themes, sub-themes and proposed quality indicators 
exist to appraise best practices. Thematic analysis revealed that culture, resources and 
learning were recurring themes across all four axes. 

Conclusions 

The framework for evaluating best practices in hospitals serves as a valuable tool with 
the potential to enhance the quality of healthcare across various practices. It identifies key 
factors like culture, resources, and learning abilities that drives the success of best practices. 
While the framework also proposes quality indicators, additional research is needed for their 
validation. Overall, the framework sheds light on key elements of best practices and provides 
a practical approach to improving healthcare quality.

Key words: best practices, improvement methodology, healthcare quality 
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1. Background

A universal goal in healthcare is to create the most optimal and efficient healthcare system. 
Tools to reach this goal are critical reflection on the organization as well as processes, aiming 
to establishing best practices. Best practices in a hospital setting, characterized by superior 
outcomes, play a pivotal role in generating practice-based evidence for healthcare outcomes 
and patient experiences.1 These practices offer valuable real-world data for assessing 
efficacy, especially for patient groups excluded from randomized-controlled trials.1 Practice-
based and research-based evidence are complimentary in a learning health system, with 
research based-evidence informing policies and practice-based evidence providing real-
world data regarding said policies.1

Recurrent interactions between stakeholders in a healthcare system can facilitate learning 
by identifying underlying values and opportunities for change, setting common goals, 
evaluating processes, and sharing best practices.2 Sharing what constitutes a best practice 
can improve the quality of healthcare across different practices. Evaluating best practices is 
vital within a learning healthcare system, allowing for the transfer of effective processes and 
characteristics to other contexts. These factors are expected to relate to all aspects of the 
healthcare trajectory. The resulting transcript of the best practice can capture a wide range 
of aspects and factors that enable it to perform well, including processes and characteristics. 

Learning from best practices is instrumental in creating a learning healthcare system 
that integrates science, informatics, incentives, and culture for continuous improvement 
and innovation.3 In such a learning system, new knowledge is generated as a by-product 
of patients’ and families’ care experience.3 While there is currently no consensus on the 
definition of a best practice, maximizing favourable outcomes whilst minimizing unfavourable 
outcomes are essential components.1 

Understanding how to effectively evaluate best practices in hospitals, including the critical 
processes, characteristics, and factors to consider, remains a challenge. To enhance 
healthcare quality across the system, a systematic approach is imperative. This study aims 
to propose a framework that uses qualitative methods to identify potential quality indicators 
for evaluating best practices in hospitals, offering insights into their success and aiding their 
transferability.

2. Methods 
 
2.1 Definitions

The following definition of ‘best practices’ in healthcare is based on the definition by Ng et 
al. and was used in this review: “Best practices are practices which have shown evidence of 
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superior outcomes. A best practice is context dependent and has been assessed in terms of 
efficiency, social and ethical values, best available evidence, and relevance. A best practice 
is context dependent but may also be transferable to other practices. This depends on a clear 
definition of the context, sustainability, and participation of stakeholders.”1

2.2 The hermeneutic review process

A hermeneutic literature review approach was utilized in the present study to select and 
analyze pertinent literature. This method is iterative and dynamic, involving multiple rounds 
of literature search and analysis until sufficient knowledge saturation is attained to address 
the research question.4  Unlike a systematic review, the goal of a hermeneutic review is 
not to comprehensively collect all literature on a particular subject. Rather, the objective 
is to iteratively acquire adequate information to address the research question. Following 
the initial literature search and selection, knowledge gaps were identified, and subsequent 
searches and literature selections were performed to fill these gaps until saturation was 
achieved. In our current investigation, the author team concurred that knowledge saturation 
had been achieved once five relevant articles failed to provide any new information in their 
entirety regarding quality indicators associated with a criterion in the framework.

2.3 Construction of the framework

The first step in creating a framework for the evaluation of a best practice in the hospital 
setting was identifying relevant axes and criteria for the framework. The Medline and 
Embase databases were first searched (see Additional File 1) from 2018 to April 1st 2021 for 
frameworks regarding the identification, implementation and/or evaluation of best practices 
within healthcare. Both evidence and consensus-based frameworks were included in this 
study. Consensus-based frameworks use methods such as expert panels or the Delphi 
method to construct their framework, whereas evidence-based frameworks use results from 
previous studies to construct their framework. 

Titles and abstracts of the articles retrieved by the search strategy were screened to select 
potentially relevant studies by authors MO and CL. The potentially relevant articles were 
thereafter read full-text by authors MO and CL and selected when containing frameworks 
regarding the identification, implementation and/or evaluation of best practices within 
healthcare. Relevant categories and criteria for the evaluation of a best practice within the 
hospital setting were extracted from the included literature, and subsequently a framework for 
the evaluation of best practices within the hospital setting was constructed using a qualitative 
approach. MO and CL independently identified relevant categories and criteria from existing 
frameworks. A discussion followed to reach consensus on selecting the definitive categories 
and criteria. Certain similar categories and/or criteria were present in several frameworks 
found in the literature and were merged for use our framework if relevant. 

2.4 Identification of quality indicators

Once a framework for the evaluation of best practices was constructed, subsequent 
literature searches were performed to identify quality indicators that could be used to 
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evaluate processes, characteristics, and aspects of a best practice following the constructed 
framework. 

Several rounds of literature searching were performed in the period of April- September 
2021. A literature search for each criterion in the framework was separately performed to 
identify possible quality indicators pertaining to that criterion. The Medline, Embase, Scopus, 
Google scholar and Web of Science databases were searched for literature on ‘best practices’ 
and ‘high performing teams’ in combination with search terms regarding factors associated 
with success and evaluation. Titles and abstracts were screened from the search retrieval 
to select potentially relevant studies by authors MO and CL. In addition, websites of key 
healthcare programmes and organisations were searched for existing guides, manuals and 
other documents concerning evaluation criteria for best practices. The potentially relevant 
articles were thereafter read full-text by authors MO and CL and selected when: studies 
contained information regarding at least one quality indicator for the relevant criterion. 
Studies describing theoretical models and validation studies regarding factors associated 
with best practices were included in this review. Literature concerning best practices outside 
the hospital setting were excluded. 

2.5 Thematic analysis

Once quality indicators were identified and extracted from the literature, inductive thematic 
analysis was carried out to identify emerging themes. MO and CL both conducted thematic 
analysis independently using NVivo version 1.6.2 after which a discussion followed to 
establish the definitive themes. 

3. Results

The literature search for frameworks regarding the identification, implementation and/or 
evaluation of best practices within healthcare yielded 69 hits. Based on screening of title 
and abstract, 54 studies were excluded as they did not seem to concern the identification, 
implementation and/or evaluation of best practices within healthcare. Fifteen articles were 
selected for full-text evaluation. After this evaluation, 11 more frameworks were excluded, 
see PRISMA flowchart (Additional File 2). Reasons for exclusion were: not meeting the 
research question, frameworks focusing solely on medical education, and did not concern 
a framework. Four studies containing four frameworks reported relevant factors. Additional 
sources yielded one additional framework. The factors included and excluded from the five 
frameworks are described in Table 1 and includes whether we considered the framework 
being evidence or consensus based. One framework (Ng, 20151) was based on evidence 
found in literature through a systematic literature review. The other frameworks were either a 
combination or consensus based. 

3.1 Framework showing quality indicators of best practices 

Based upon the criteria identified in Table 1, a framework for the evaluation of best practices 
within the hospital setting was constructed. Four axes were identified: context, process, 
outcomes, and learning and improvement. Context was divided into two criteria based upon 
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the framework by Ng et al.:1 criteria related to needs and criteria related to setting. Process 
was divided into several sub-criteria based upon findings in literature and criteria mentioned 
in frameworks described in Table 1. These sub-criteria are: stakeholder participation, team 
functioning and composition, use of best available evidence and safety. Outcomes were 
divided into the following sub-criteria: clinical outcomes, process outcomes and sustainability. 
These are based on those mentioned in the framework by Ng et al.1 Learning capacity was 
mentioned in some frameworks (Table 1), terms such as quality improvement initiatives, 
assessments and reflexivity are used to describe the learning capacity in best practices. 

The full framework, including the criteria, (sub)themes, and indicators, are presented in 
Table 2. Definitions of terms are presented in Additional File 3. 

3.2 Emerging themes from the framework 

Three themes emerged from the framework across all axes; culture, resources and 
learning. These are visually presented in Figures 1-3, showing their presence across the 
axes. 

4. Discussion

The aim of this study was to develop a comprehensive framework to evaluate best practices 
in a hospital setting by conducting a hermeneutic review. The main findings reveal that the 
evaluation of a best practice involves four essential axes within our framework. Firstly, the 
context in which a best practice is applied plays a significant role (context axis). Secondly, 
an evaluation should consider the underlying processes within the best practice (process 
axis). Next, the outcomes resulting from these processes (outcome axis) and the practice’s 
capacity for learning and adaption must be examined (learning capacity axis). The framework 
shows that within these four axes, a multitude of criteria, themes, sub-themes and proposed 
quality indicators to appraise best practices. This underscores the multifaceted nature of the 
factors contributing to best practices in hospital settings. 

Frameworks regarding the identification and dissemination of best practices are reported in 
current literature.40 Within public health, evaluation criteria for the selection of a best practice 
have been described.1 Public health is, however, a broader concept than hospital healthcare 
and mainly concerns processes before a patient has reached the hospital. Our framework 
presents a comprehensive overview of the multitude of factors important in best practices 
within a hospital setting. Through combining categories and criteria from existing frameworks 
it was ensured that an extensive overview of evaluation areas was covered in the framework. 

Interestingly, recurring themes throughout our framework were culture, resources and 
learning (Figures 1-3). These themes were present across all four axes, signifying their 
importance. Culture and learning are often mentioned in learning health systems.3, 41 As the 
name suggests, learning is vital in a learning health system, where health care activities 
are learned from, studied and improved upon.42 A culture of improvement and innovation is 
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Figure 1. Culture in best practices. This figure depicts the theme ‘culture’ as seen in three axes in the framework. 
Themes and quality indicators related to culture across the three different axes are shown, with the context as 
background. The arrows indicate how the three axes relate to each other; a process results in certain outcomes which 
can be used to learn from and adapt the processes.
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Figure 2. Resources in best practices. This figure depicts the theme ‘resources’ as seen in three axes in the 
framework. This figure shows the widespread importance of resources in best practices, it shows the themes and 
quality indicators across the three different axes, with the context as background. The arrows indicate how the three 
axes relate to each other; a process results in certain outcomes which can be used to learn from and adapt the 
processes.
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Figure 3. Learning in best practices. This figure depicts the theme ‘learning’ as seen in three categories in the 
framework. This figure shows the widespread importance of learning in best practices, it shows the themes and 
quality indicators across the three different categories, with the context as background. The arrows indicate how the 
three axes relate to each other; a process results in certain outcomes which can be used to learn from and adapt the 
processes.
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reported as an integral part of such a system.3

Previous studies have demonstrated the association between organizational and workplace 
culture and patient outcomes with positive culture linked to lower mortality rates, reduced 
complications, and increased patient satisfaction.43 Nevertheless, our framework highlights 
the pervasive role of culture in a best practice across several axes, as shown in Figure 
2. Although previous studies have separately discussed the influence of these cultures on 
healthcare practices,44-47 the concept of culture within a best practice along with its multiple 
facets requires further development and refinement. Notably, ‘toxic hospital culture’ can 
severely impact healthcare quality, leading to increased medical errors and staff turnover.48 
Understanding hospital culture is complex, consisting of networks of clinical micro-systems 
and their associated behaviors and interactions.48

Furthermore, the association between healthcare resources and outcomes has been 
well-established in public health.49-54 In hospitals in developed countries, strained resources 
were also found to be associated with elevated mortality, increased complications and 
extended length of hospital stay.55 Strained resources refer to situations when there is a 
discrepancy between supply and demand of various hospital resources, including nurses, 
doctors, equipment, and beds.55 These findings illustrate the significance of evaluating the 
resource axis within the best practice framework, with resources being a recurring theme. 
Furthermore, resources play a supportive role in culture and learning, particularly through 
providing outcome data that allowing for learning and improvement. 

The importance of learning as a driver for quality improvement is increasingly recognized 
in healthcare.3 Learning entails staff training and education, along with the evaluation and 
learning from performance, as shown in Figure 3. Staff training and education are essential 
for acquiring technical skills needed for patient care. Moreover, non-technical skills like 
teamwork and communication have been associated with fewer preventable adverse 
outcomes.56-58 Evaluation and learning from performance are essential to achieve quality 
improvement and is a central concept in both learning health systems and value-based 
healthcare.59, 60 Learning health systems are dedicated to ongoing improvement through 
the use of information, evidence, culture and stakeholder input to implement best practices 
and generate evidence during the implementation process, creating a cycle of continuous 
healthcare improvement.59

4.1 Strengths and limitations 

The strengths of this study include the application of a hermeneutic review methodology, 
which enabled us to identify a diverse range of topics and indicators to incorporate into the 
framework, leading to a comprehensive framework for the hospital setting. Furthermore, 
the framework was constructed through the extraction of distinct domains and criteria 
from multiple frameworks, resulting in an extensive overview. Thematic analysis of quality 
indicators allowed for the emergence of themes across the framework, enhancing its 
coherence and clarity.

Limitations of this study include that saturation was achieved at the criterion level, rather 
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than at the level of proposed quality indicators. Each proposed quality indicator should be 
reviewed in greater detail separately to establish the precise data required to fulfill the quality 
indicator. Additionally, the search strategy for frameworks was restricted to works published 
from 2018 onwards for reasons of feasibility, which may have resulted in the exclusion of 
relevant frameworks.

4.2 Implications 

Our current study provides a solid base for further research regarding the practical 
approach of evaluating best practices. We have detailed the categories, criteria, themes and 
proposed quality indicators that could be included in such an evaluation. Additionally, we 
have provided a concrete evaluation tool based on our framework, which is available as an 
additional file (Additional File 4). Additional File 5 shows how the conceptual framework could 
be used in a real-life evaluation of a best practice. The next steps would include validating the 
framework across broader and more relevant areas of expertise.

Culture, resources and learning were found to be important themes within the context of 
best practices. Measuring and evaluating these themes is essential when evaluating a best 
practice. Resources and learning in hospital settings are quantifiable aspects, but culture, 
due to its conceptual nature, is however a challenge for measurement. To date, there is 
no consensus on how to effectively measure culture in healthcare practice.61 One could 
theorize that culture might vary across different axes, which could lead to variations in its 
measurement. However, it remains a subject of debate whether quantifying culture would 
significantly enhance the evaluation process. Further research is necessary to establish 
quantifiable quality indicators, allowing for the transition from a conceptual framework to 
practical application. 

5. Conclusions 

In summary, this framework provides a significant step towards improving healthcare quality 
by shedding light on the key elements of a best practice. It offers a practical approach to 
evaluate best practices within a hospital setting, ultimately serving as a valuable resource 
for other clinics and healthcare providers aiming to elevate the quality of care they offer. 
The framework highlights the multifaceted nature of a best practice, consistently emphasizing 
key elements such as the culture, resources and learning ability of healthcare organizations. 
Additionally, it proposes quality indicators associated with best practices, however further 
research is needed to establish these indicators as quantifiable metrics. Most importantly, 
this framework provides the groundwork for implementing a learning healthcare system by 
providing evaluation criteria. 
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Additional File 1  
 
medline and embase search strategy

Database: Medline (OVID) 

Search terms:

1: (theor*[ti] or concept*[ti] or framework*[ti] or model*[ti]) AND (best-practice*[ti])

2: limit 1 to (English language and yr=”2018-Current”) 
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Additional File 2 
 
prisma flowchart
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Additional File 3 
 
Glossary

Term Definition 
Culture of trust The shared notion that members of a team will perform their ex-

pected tasks and look out for the needs of the team.24

Supporting behavior Team members show support for each other and can anticipate 
each other’s needs, supporting behaviors include support through 
teaching and coaching, supervision, monitoring and concern for 
team member’s well-being.23, 24

Closed loop communication Communication that is actively acknowledged by the receiver and 
actively affirmed by the send, often verbally.10, 24

Situational awareness The ability to observe, interpret and communicate the level of 
urgency of a given situation in relation to a patient’s health under-
pinned by experience and training.10, 23

Shared leadership A distribution of leadership across the team, this type of leadership 
is more dynamic and interactive than the traditional leadership style 
with one appointed leader.23

Shared mental model The team has a shared understanding of the problem and the plan; 
all members are involved in this understanding. Clear roles and 
responsibilities are essential for this shared understanding. 10, 23, 24

Dedicated teams Teams dedicated to a certain clinical task, often with certain skills 
needed for the task, dedicated resuscitation teams are an exam-
ple.25

Coordination of service Coordination of the team involves planning, preparation, delegation 
and directing.23

Interdependence Interdependence promotes efficient teamwork; the idea is that 
mutual dependence regarding specific skills within a team limits du-
plication of work and therefore promotes efficient use of resources.9

Technical skills Practical skills contributing to providing optimum patient care.10

Non-technical skills Intrapersonal and interpersonal skills contributing to providing 
optimum patient care, communication and teamwork are important 
examples in healthcare.10

Models of care Models of care are a means to achieve change in clinical practice, 
models of care translate evidence-based policies into principles that 
can be implemented in practice.20, 27

Culture of safety The shared beliefs and values of the individuals compromising an 
organization that patient safety is a priority, resulting behaviors to 
continually minimize patient harm.10

Quality indicators Clinical and/or operational outcomes used to benchmark quality of 
care.20, 32

Culture of shared accountability All team members share accountability in providing optimum 
healthcare.34, 36

Reflexivity Team members are actively involved in the evaluation process of a 
best practice.20
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Additional file 4
 

Tool for the evaluation of a best practice 

Template for the documentation for the evaluation of a best 
practice in healthcare 
The following tool is a template for conducting a detailed documentation for the evaluation 
of a best practice in healthcare. It focuses on documentation to aid evaluation of an already 
identified best practice in a hospital setting. 

Evidence sources include evaluations, clinical reports and personal experiences.

Section 1: General information 
Describe the best practice being documented, be as concrete and specific as possible.  (specialty/ 
sub-specialty) 

Organization being documented 

Location (country/ region) 

Date of documentation 

Contact person (function, email address, phone number)

Section 2a: Contextual information 
Relevant to needs

Describe the target group of the best practice 

Identify all stakeholders relevant and important to the best practice 
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Document how the best practice is relevant to the needs of the:
a. Target group 

b. Stakeholders 

Was stakeholder consensus reached regarding the following aspects?

□        Development of the best practice 

□        Implementation of the best practice

□        Other: 

Document the organizational support the best practice receives and whether this meets the needs. 
Organizational support is a broad concept and can include things such as access to necessary exper-
tise, information technology and financial resources. 

Section 2b: Contextual information 
Relevant to setting

Describe the culture in which the practice is implemented

Document the resources available to the practice 
Resources can include but are not limited to financial resources, human resources, information 
resources, skills, training and education. 

Describe the workload of the staff involved in delivering the practice
Is the workload experienced as low/ acceptable/ high? 

Section 3: Processual information 

Do stakeholders participate in the following activities?

 □       Decision making processes
If yes, please describe through which activities they participate: 

 □       Evaluation of the best practice
If yes, please describe through which activities they participate: 
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Document the team composition of the team responsible for providing patient care in this practice. 

Please indicate on the scale below to what extent the following characteristics regarding the team 
culture are present in this practice: 

Collegial rather than hierarchical behavior

Strongly
Disagree

Disagree Neutral Agree Strongly
Agree

1 2 3 4 5

Supporting behavior

Strongly
Disagree

Disagree Neutral Agree Strongly
Agree

1 2 3 4 5

A clear service purpose

Strongly
Disagree

Disagree Neutral Agree Strongly
Agree

1 2 3 4 5

Document whether the following characteristics regarding communication are present in this practice:

□        Open communication

□        Closed loop communication

□        Clear/ standardized language

□        Interdisciplinary communication 

□        Situational awareness  

□        Other: 

Document whether the following characteristics regarding leadership are present in this practice:

□        Shared leadership

□        Leadership support

□       Decision making 

□        Other: 



3

Chapter 3

184

To what extent do you agree with the following statement? Please indicate on the scale below. 
“There is a sense of unity present within the team”

Strongly
Disagree

Disagree Neutral Agree Strongly
Agree

1 2 3 4 5

Please elaborate why there is (not) a sense of unity within the team? 
Document what contributes to the presence/ absence of a sense of unity within the team. 

Document whether the following characteristics regarding the organizational structure are present in 
this practice:

□        Dedicated teams

□        Clear roles and responsibilities 

□        Coordination of services 

□       Interdependence 

□        Other: 

Describe the training and education staff receive including the frequency thereof:

Describe the staff competency relevant to the best practice:

Describe staff skills in terms of:
a. Technical skills 
Technical skills are practical skills contributing to provision of optimum patient care.

b. Non-technical skills (this may include skills such as interpersonal skills)

Document whether the following characteristics regarding the use of best available evidence are 
present in this practice:

□        The best available evidence is used in the practice

□        Best available evidence is adhered to 

□        Resources are available allowing the use of the best available evidence  

□        Scientific evidence supports the practice

□        Awareness exists regarding evidence-based guidelines

□        Models of care are utilized

□        Other: 
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To what extent do you agree with the following statement? Please indicate on the scale below. 
“There is a culture of improvement present within the practice”

Strongly
Disagree

Disagree Neutral Agree Strongly
Agree

1 2 3 4 5

Please elaborate why there is (not) a culture of improvement? 
Document what contributes to the presence/ absence of a culture of improvement. 

Document whether the following characteristics regarding safety management are present in this 
practice:

□        Safety is managed proactively

□        Leader provides updates to the team 

□        Injuries and near-misses are detected and analyzed  

□        Processes are designed for safety

□        Patient safety is a priority

□        Communication is proactive (this may include handovers at shift changes)

□        Emergencies are rehearsed during team trainings 

□        Other: 
 

To what extent do you agree with the following statement? Please indicate on the scale below. 
“There is a culture of safety present within the practice”

Strongly
Disagree

Disagree Neutral Agree Strongly
Agree

1 2 3 4 5

Please elaborate why there is (not) a culture of safety? 
Document what contributes to the presence/ absence of a culture of safety. 

Section 4: Outcomes 
Describe how this practice was identified as a best practice, include which outcomes were used to 
reach this conclusion. 

Document the clinical outcomes of this practice:
a. Which clinical parameters are monitored and what were the outcomes? 
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b. Is patient satisfaction monitored? If yes, how and what was the level of satisfaction? 

c. How is quality of care measured? (for instance through the use of certain quality indicators)

d. How is the performance of the practice measured and provide performance results? (for instance 
through the use of clinical reports)

Document the efficiency of the practice
Efficiency can include several performance metrics such as surgical time and turnover time, which 
measures are relevant is often practice dependent. Please document the ones deemed relevant in 
this practice.

Document the use and incorporation of information technology to monitor efficiency. 

Document the cost-effectiveness of the practice.  

Document whether the practice sets goals and what these entail.
Goals may be set through an action plan of long and short-term goals for instance. The types of goals 
may entail changing processes, structure or improving outcomes. 

Document whether the following resources are sustainable in this practice:

□        Financial resources

□        Staffing 

□        Activities (such as education, reminders, evaluation)

□        Training of new staff members

□        Availability of educational materials

□        Other: 

Is continuity embedded in the program delivery? 

□       Yes     □        No 

If yes, please elaborate how this continuity is embedded in delivery? 
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Document whether the following characteristics regarding the sustainability of culture are present in 
this practice:

□        The best practice is perceived as advantageous by those participating in the best practice

□        Hospital staff were incorporated in implementing the best practice

□        The leadership is sustainable  

□        There is a culture of shared accountability 

□        The organization is committed to the best practice 

□        Other: 

Section 5: Learning capacity  
Document whether the following characteristics regarding the evaluation of performance are present 
in this practice:

□        Performance is monitored and evaluated

□        Performance indicators are used to monitor quality of care   

□        Adverse events are debriefed

□        The team is reflexive 

□        Other: 

Are there quality improvement initiatives? 

□       Yes   □        No 

If yes, please elaborate what these initiatives are and if these are continuous of nature? 

To what extent do you agree with the following statement? Please indicate on the scale below. 
“There is a culture of learning present within the practice”

Strongly
Disagree

Disagree Neutral Agree Strongly
Agree

1 2 3 4 5

Please elaborate what constitutes to and why there is (not) a learning culture present? 
Document what contributes to the presence/ absence of a learning culture. 
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Additional file 5
 
flowchart of a proposed evaluation of a best practice

Flowchart of a proposed evaluation of a best practice. This flowchart depicts the steps of a proposed evaluation 
process of a best practice. The first step being the identification of a best practice through determining a practice 
with most favorable outcomes. The next steps of the evaluation process include assessing the context, process and 
learning capacity of the practice, the framework in this study highlights the quality indicators that play a role in a best 
practice.
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Abstract

Background

Organizations face diverse contexts and requirements when updating and maintaining 
their portfolio, or pool, of systematic reviews or clinical practice guidelines they need to 
manage. We aimed to develop a comprehensive, theoretical framework that might enable the 
design and tailoring of maintenance strategies for portfolios containing systematic reviews 
and guidelines.

Methods

We employed a conceptual approach combined with a literature review. Components of the 
diagnostic test-treatment pathway used in clinical healthcare were transferred to develop a 
framework specifically for systematic review and guideline portfolio maintenance strategies.

Results

We developed the Portfolio Maintenance by Test-Treatment (POMBYTT) framework 
comprising diagnosis, staging, management, and monitoring components. To illustrate the 
framework’s components and their elements, we provided examples from both a clinical 
healthcare test-treatment pathway and a clinical practice guideline maintenance scenario. 
Additionally, our literature review provided possible examples for the elements in the 
framework, such as detection variables, detection tests, and detection thresholds. We 
furthermore provide three example strategies using the framework, of which one was based 
on living recommendations strategies.

Conclusions

The developed framework might support the design of maintenance strategies that 
could contain multiple options besides updating to manage a portfolio (e.g. withdrawing 
and archiving), even in the absence of the target condition. By making different choices 
for variables, tests, test protocols, indications, management options, and monitoring, 
organizations might tailor their maintenance strategy to suit specific contexts and needs. 
The framework’s elements could potentially aid in the design by being explicit about the 
operational aspects of maintenance strategies. This might also be helpful for end-users and 
other stakeholders of systematic reviews and clinical practice guidelines.

Keywords: clinical practice guidelines as topic, systematic reviews as topic, concept formation, 
theoretical model, need for updating, maintenance
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1. Background

Fifteen percent of the systematic reviews (SRs)1 and eight percent of the recommendations 
in clinical practice guidelines (CPGs)2 may be out of date within the first year after their 
publication. Over time, there could be changes in the evidence on the harms, benefits, and 
availability of interventions, and changes in important outcomes for instance.3 Neglecting 
such changes could cause SR conclusions and CPG recommendations to become invalid, 
potentially leaving clinical practice sub-optimal. Updating thus seems a reasonable option 
to manage outdated SRs and CPGs. The problem of when and how to update SRs was 
highlighted more than one decade ago 4 and more than two decades ago for CPGs.3 The 
Cochrane Collaboration provides guidance on when and how to update an SR.5, 6 Furthermore, 
specific strategies to detect the need for updating were being developed for SRs, such as 
the Ottawa7 and RAND methods,8 and for CPGs.3, 9-12 Previous published systematic reviews 
provided overviews of such methods for both SRs 4 and CPGs.9, 13

A large variety of strategies to assess when to update SRs or CPGs can be observed in 
the literature.13, 14 Even within similar assessments, such as literature searches to identify 
new evidence, there is a variety in how the assessment is performed. For example, search 
strategies can be limited to specific journals7, 8, 10 and publication type.7, 10 The full search 
strategy of the original reviews can be updated,15 additional searches can be performed 
in a guideline database,10 experts can be consulted,3, 12 or studies can be tracked in trial 
registries.15, 16 New strategies and insights about updating strategies are still being 
introduced, such as the concept of living SRs17 and living CPG recommendations.18 Current 
strategies may not be useful for the context, capabilities, or the needs of all organizations 
performing updates. Different choices can be made in designing strategies to accommodate 
for the different contexts, capabilities, and needs. For example, strategies with an extensive 
literature search for each key question could be too resource intensive for CPG developing 
organizations managing a large portfolio (i.e. a pool of SRs or CPGs that is managed by the 
organization). Such considerations might prevent adoption or cause revisitation of existing 
strategies and could partially explain why new strategies are still being reported. Cochrane, 
for example, has changed their updating principles on several occasions reflecting their 
experience that they were not yet able to constantly keep their entire portfolio of SRs up-
to-date over time.15 Furthermore, updating might not be the only option available to manage 
an outdated SR or CPG. Withdrawal or archiving could be suitable alternative options to 
maintain the portfolio of SRs or CPGs as well, where withdrawal completely removes the SR 
or CPG from the portfolio and archiving still allows end-users to access the information while 
no longer actively maintained. It seems, rather, that there could be a need for guidance to 
design and tailor maintenance strategies instead of updating strategies. 

A framework with explicit underlying key components and elements for designing portfolio 
maintenance strategies appears to be missing at present. A new framework therefore should 
identify and explain these key components and elements in the context of a maintenance 
strategy, potentially enabling organizations to tailor a strategy according to their context, 
capabilities, needs and available resources. We aimed to develop and describe such 
a theoretical framework for designing and tailoring maintenance strategies for managing 
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portfolios of SRs and CPGs.

2. Methods

A literature review was conducted to gain a comprehensive overview of considerations, 
signals, or indicators for updating SRs and CPGs. The literature review (methodology 
reported in Additional file 1) is not exhaustive, as we did not need to capture all data on 
every domain. During the data-extraction we observed that other management options were 
available besides (not) updating. For example, withdrawing an SR or CPG. While exploring 
the extracted data thereafter, we observed a supposed interrelatedness between some 
considerations, signals, and indicators. Through discussion among the authors, we believed 
that the interrelatedness and the availability of multiple management options had an analogy 
to a diagnostic test-treatment pathway in the clinical care setting. In a test-treatment pathway, 
medical tests are linked to management actions through pathways so that test results guide 
clinical management.19 We envisioned a parallel scenario where considerations, signals, 
and indicators guide the selection of appropriate management actions for SR and CPG 
maintenance. We therefore transferred the diagnosis, staging, management, and monitoring 
concepts of a diagnostic test-treatment pathway to develop a theoretical framework for 
designing and tailoring SR and CPG maintenance strategies. We recognize that alternative 
conceptual frameworks or constructs could have been considered as well, however the 
analogy to a diagnostic test-treatment pathway resonated with us due to its apparent suitability 
to represent how considerations, signals, and indicators could be linked to management. The 
extracted data from our literature review were qualitatively analyzed and these results were 
used to provide some possible examples of key elements in the framework. Thus, data from 
the literature review both directed us to use a diagnostic test-treatment strategy analogy 
and provided examples for the framework’s elements. To explicitly clarify the components 
and elements in the framework, we describe both a clinical healthcare example and a CPG 
maintenance scenario. The 2018 European Society of Cardiology and European Society of 
Hypertension guideline for the management of arterial hypertension was used as clinical 
example.20 The CPG maintenance strategy scenario was based on considerations and 
signals found in the literature review, however, modified for illustrative purposes. Tables 
concerning the clinical example and the CPG maintenance scenario represent subsequent 
steps in the diagnostic test-treatment pathway. Results from our literature review were 
mapped at our own discretion to the specific test-treatment components of the maintenance 
strategy to provide examples, even though the extracted data may have been described for 
other purposes in the original references.

3. Results
 
3.1 Literature search
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Fifty-four references were included. The study selection flow (Figure A1 in Additional file 
1) and reasons for exclusion of full-text references are reported in Additional file 1 (Table 
A1). General characteristics of the included studies are described in Additional file 1 (Table 
A2). Results from the literature review are provided as possible examples for elements in the 
framework in Additional File 1 (Tables A3 to A9).

3.2 A theoretical framework for portfolio maintenance 
strategies

The Portfolio Maintenance by Test-Treatment (POMBYTT) framework is shown in Figure 
1. The theoretical POMBYTT framework is intended to help design and tailor maintenance 
strategies for portfolios consisting of SRs or CPGs. Components of a diagnostic test-
treatment pathway are transferred to a portfolio maintenance context: diagnosis, staging, 
management, and monitoring (Table 1). These concepts in the framework are outlined in 
Additional file 1 (Figure A2). Specific terminology is used throughout the description of the 
framework and a glossary of terms can be found in Table 2.

3.2.1 Diagnosis
The target condition must be defined before it can be detected with diagnostic tests. Let’s 

consider the example of determining whether a CPG recommendation is outdated. In this care 
we can define a recommendation as outdated when at least one new relevant peer-reviewed 
article is published after the previous search date. It is important to have a specific definition 
that outlines the unit of analysis. In the context of SR or CPG maintenance strategies, the 
unit of analysis can be the entire SR or CPG, or it can focus on the SR conclusion or CPG 
recommendation. Like diagnosing a medical condition in clinical practice, we need one or 
more detection variables (Table A3 in Additional file 1) that provide information about the 
presence or absence of the target condition. In the provided example in Table 3, the detection 
variable was “new available evidence” but it is worth noting that other detection variables 
can be used depending on the specific context. To measure these detection variables, we 
can use detection tests (Table A4 in Additional file 1). For example, a literature search in 
a database like MEDLINE can be used as a test to measure the detection variable “new 
available evidence”. The test protocol for the literature search can vary, including the choice 
of using multiple databases, limiting the search to specific databases, or even limiting to a 
few specific journals. Additionally, literature selections can be performed by a single person 
or in a double-blind fashion and any selection procedure in between.

A detection test threshold (Table A5 in Additional file 1) is used to determine whether it 
is likely that the target condition is present or not. The threshold determines how the target 
condition is defined. In Table 3, the threshold to detect the target condition was any new 
relevant peer-reviewed article (i.e. ≥1). If the threshold was increased to at least 3 new 
relevant peer-reviewed articles a different definition of the target condition is detected (i.e. 
outdated when ≥3 new relevant articles). See Table 3 for a clinical example and a CPG 
scenario.

3.2.2 Staging
The staging process occurs after determining whether the target condition is present or 
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Figure 1. The Portfolio Maintenance by Test-Treatment framework. The figure shows the framework depicted 
as a flow diagram in analogy to a diagnostic test-treatment pathway. Tests are performed (grey boxes, not outlined), 
choices are made (outlined orange diamonds), management options (outlined blue boxes) are selected based on 
indications (outlined yellow boxes), subsequent management actions are performed (blue boxes, not outlined), and 
predefined time intervals are used for reassessments (dashed line).
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Table 1 – An overview of test-treatment pathway components compared to an SR or CPG portfolio 
maintenance strategy.

Component Diagnostic test-treatment pathway
SR or CPG portfolio maintenance 
strategy

Diagnosis
(see section 
3.2.1)

A “prevalent disease or condition” is 
diagnosed. Diagnosis requires a clear 
definition of the target condition (i.e. the 
disease or condition) and the use of 
tests to assess the likelihood of its pres-
ence or absence. In a clinical scenario, 
diagnostic tests include anamnesis 
(medical history) along with other clinical 
tests, such as physical examination or 
imaging. By setting a threshold within 
the test, healthcare professionals can 
determine the likelihood of the disease 
being present.

The diagnosis of “prevalent outdatedness” 
involves the use of tests to determine the 
target condition’s likelihood of presence 
or absence. Similar to a clinical test-treat-
ment pathway, these tests help to deter-
mine whether the target condition is likely 
to be present or absent. It is important to 
define outdatedness in advance. A thresh-
old within a test can then be established 
to assess whether outdatedness is likely 
to be present or absent.

Staging
(see section 
3.2.2.)

Staging of a disease or condition is con-
ducted to evaluate its stage or degree 
of severity. Information necessary for 
staging is gained with tests. Within these 
tests, thresholds are used to indicate the 
severity of the disease or condition.

When “prevalent outdatedness” is 
diagnosed, its severity is assessed 
using tests. Several stages or degrees 
of outdatedness might result in different 
decisions regarding appropriate manage-
ment options. Thresholds within the tests 
serve as criteria for categorizing stages or 
severity of outdatedness. Staging can also 
be performed when the systematic review 
(conclusion) or clinical practice guideline 
(recommendation) is still op to date.

Management 
(see section 
3.2.3)

There are specific indications to select 
management options. Staging provides 
valuable information to determine which 
management option is most appropriate. 
Once a management option is chosen, 
actions are performed to initiate and 
carry out the appropriate care.

Management options, such as updating, 
not updating, or withdrawing the SR or 
CPG have specific indications. Staging 
provided information to decide which 
management option is appropriate. Addi-
tionally, organizations may have several 
other management options (e.g. archive, 
re-endorse). Once the management 
option is selected, actions are performed 
specific for that option. For example, an 
update of the SR or CPG is initiated and 
carried out.

Monitoring
(see section 
3.2.4)

Patients are periodically seen during 
follow-up visits as part of their ongoing 
care. The purpose of these visits is to 
monitor the disease or condition over 
time and evaluate the success of the 
chosen management option, detect 
signs of disease recurrence, or identify 
any disease progression.

Periodic evaluation of SRs or CPGs can 
be performed to assess whether there is 
an occurrence, recurrence, or progression 
of outdatedness. This periodic evaluation 
is especially relevant when the initial stag-
ing of the target condition did not meet the 
threshold for selecting a specific manage-
ment option (e.g. updating).

CPG: Clinical Practice Guideline
SR: Systematic review
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Table 2 – Glossary of terms used in the conceptual maintenance strategy for systematic reviews 
(SRs) and clinical practice guidelines (CPGs)

Component Element
Description as used in the maintenance of SRs and 
CPGs

Diagnosis Target condition The predefined condition of the SR (conclusion) or CPG 
(recommendation) that is to be detected by one or multiple 
tests.

Detection variable A variable or characteristic of the predefined target 
condition on which a detection test specifically measures 
information. 

Detection test A test to measure or obtain information on a detection 
variable to determine whether the target condition is likely 
to be present or absent.

Detection test protocol The protocol or manner how the detection test is carried 
out to measure the detection variable or obtain informa-
tion.

Detection test threshold A predefined threshold for the detection variable in a de-
tection test to define the presence or absence of the target 
condition.

Staging Staging variable A variable or characteristic of the stage or severity of 
the target condition on which a staging test specifically 
measures information. A staging variable can also concern 
a status or circumstance not related to the target condition 
itself.

Staging test A test to measure or obtain information on a staging 
variable to determine the stage or severity of the target 
condition. A staging test may also capture a status or 
circumstance not related to the target condition itself.

Staging test protocol The protocol or manner how the detection test is carried 
out to measure the staging variable or obtain information.

Staging test threshold One or more predefined thresholds for the staging variable 
in a staging test to define the stage, severity, status, or 
circumstance. 

Management Management indication A specific stage, severity, status, or circumstance that 
guides the decision to the appropriate management option.

Management options A predefined approach to handle an SR (conclusion) or 
CPG (recommendation) when the target condition is pres-
ent or absent, and depending on the specific stage, sever-
ity, status, or circumstance. The choice for a management 
option is guided by its indication(s).

Management actions Actions that follow from the decision for a specific 
management option. The actions performed to carry out 
the chosen management of the SR (conclusion) or CPG 
(recommendation).

Monitoring Recurrence The recurrence of the predefined target condition after an 
update. Monitoring is used to detect recurrences.

Progression The progression of the stage, status, or severity of the 
predefined target condition. Monitoring is used to detect 
progression until a threshold for a specific management 
option is reached (e.g. update).

CPG: Clinical Practice Guideline
SR: Systematic review
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absent (Figure A2 in Additional file 1). The goal is to gain information about the severity, 
status, or stage. This is done by utilizing one or multiple staging variables (Table A6 in 
Additional file 1), staging tests (Table A7 in Additional file 1), and staging thresholds (Table 
A8 in Additional file 1). 

Staging tests are used to measure information on the staging variable. Staging thresholds 
are defined in order to define the different stages or severity. The information obtained from 
the staging tests, along with the staging thresholds, guide the decision-making process 
towards an appropriate management option. Identical to detection tests, staging tests have 
variations in the test protocol and changing the thresholds also changes the definition of the 
stage, status, or severity. Table 4 provides a clinical example and a CPG scenario offering 
an understanding of the staging process.

It can still be important to perform staging tests when the target condition is absent, as 
several management options might still be available (see Table 5). A specific status or 
circumstance may be present that guides the management decision towards a specific 
management option. 

3.2.3 Management
A management option is chosen once the severity, stage, or status is reasonably determined. 

Multiple management options can be available besides just updating an outdated SR or 

Table 3 – Example of the target condition and diagnostic test in a clinical example and CPG scenario. 
The CPG scenario is based on considerations and signals found in our literature search, however, 
modified for illustrative purposes.

Clinical healthcare example GPG maintenance scenario
Objective To detect whether there is arterial 

hypertension
To detect whether a recommendation 
is outdated

Target condition 
definition

We consider high blood pressure to 
be prevalent when there is at least 
140 mmHg systolic arterial pressure 
over 90 mmHg diastolic arterial 
pressure.

We consider the recommendation to 
be outdated when at least one new 
relevant peer-reviewed article is pub-
lished after the previous search date.

Detection variable Pressure on artery walls New available evidence

Detection test Auscultatory sphygmomanometer Literature search in MEDLINE

Detection test 
protocol

Three blood pressure measurements 
are taken one to two minutes apart 
after the patient is seated in a quiet 
environment for five minutes. The 
last two blood pressure measure-
ments are averaged.

A sensitive search string for MED-
LINE is constructed. Search results 
are screened on title and abstracts by 
two independent assessors. Conflicts 
are resolved by a third independent 
assessor. The resulting potentially 
relevant articles are read and select-
ed by two assessors independently 
based on the full text. A third assessor 
resolves any conflict in the full text 
selection.

Detection test 
threshold

140 mmHg systolic arterial pressure 
over 90 mmHg diastolic arterial 
pressure

Any new peer-reviewed scientific 
article published after the previous 
search date
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CPG. Such options can include withdrawal, archiving, choosing not to update, or deferring 
an update to a later time. Similarly, when the target condition is not present, there can be 
multiple management options available as well (Table 5). 

For example, if certain indicators are met, such as the CPG recommendation being fully 
implemented and there is minimal practice variation, it may be appropriate to archive the SR 
or CPG. Each management option has its own specific indications (Table A9 and Figure A2 
in Additional file 1). The presence or absence of these indications, as evaluated using staging 
tests, guide the decision for specific management options. This process is similar to selecting 
appropriate management in clinical practice (see Table 6).

Once a management option is chosen, subsequent actions are undertaken to carry out 
the management option. These actions can be described in detail and can usually be found 

Table 4 – Example of a single staging test and its thresholds in the presence of the target condition. 
The CPG scenario is based on considerations and signals found in our literature search, however, 
modified for illustrative purposes.

Clinical healthcare example GPG maintenance scenario
Target condition Arterial hypertension is present 

(≥140/90 mmHg)
The recommendation is outdated 
(There was new peer-reviewed scientific 
evidence published)

Objective To detect the severity, stage, or status 
of the prevalent hypertension so that 
an appropriate management option 
can be selected

To detect the severity, stage, or status 
of the prevalent outdatedness so that an 
appropriate management option can be 
selected

Staging variable Magnitude of pressure on artery walls 
in a free-living setting

Likelihood of potential changes in the 
strength of the recommendation

Staging test Ambulatory blood pressure monitoring Survey among experts 

Staging test 
protocol

The patient receives a blood pressure 
measuring device to wear over the 
course of 24 hours. The device is 
programmed to record the blood pres-
sure once every 30 minutes. Blood 
pressure measurements are averaged 
for daytime and nighttime.

A survey among experts is performed 
by using the results from the literature 
selection. Experts are given the current 
recommendation and literature, while 
being asked whether the newly iden-
tified literature is likely to change the 
recommendation’s strength requiring a 
dichotomous answer (yes/no).

Staging test 
thresholds

Grade 1: 140-159 mmHg systolic 
and/or 90-99 mmHg diastolic arterial 
pressure
Grade 2: 160-179 mmHg systolic and/
or 100-109 mmHg diastolic arterial 
pressure
Grade 3: ≥180 mmHg systolic and/or 
≥110 mmHg diastolic arterial pressure

Very unlikely: 0-20% of the surveyed 
experts indicated that the new evidence 
is likely to change the strength of the 
recommendation when updated.
Reasonably unlikely: 20-40% of the 
surveyed experts indicated that the new 
evidence is likely to change the strength 
of the recommendation when updated.
Unclear: 40-60% of the surveyed 
experts indicated that the new evidence 
is likely to change the strength of the 
recommendation when updated.
Reasonable likely: 60-80% of the 
surveyed experts indicated that the new 
evidence is likely to change the strength 
of the recommendation when updated.
Very likely: 80-100% of the surveyed 
experts indicated that the new evidence 
is likely to change the strength of the 
recommendation when updated.
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Table 5 – Example of staging and management when the target condition is absent.

Clinical healthcare example GPG maintenance scenario
Target 
condition

Arterial hypertension is absent 
(<140/90 mmHg)

The recommendation is not 
outdated 
(There was no new peer-re-
viewed scientific evidence 
published)

Staging Staging variable Magnitude of pressure on 
artery walls in a free-living 
setting

Practice variation

Staging test Ambulatory blood pressure 
monitoring 

Data registry analysis 

Staging test 
protocol

The patient receives a blood 
pressure measuring device 
to wear over the course of 24 
hours. The device is pro-
grammed to record the blood 
pressure each 30 minutes. 
Blood pressure measurements 
are averaged for daytime and 
nighttime.

Data from registries are ob-
tained. Variables concerning 
the CPG recommendation 
are analyzed in statistical 
software to show whether 
there are deviations from the 
recommendation in clinical 
practice.

Staging test 
thresholds

Optimal: <120 mmHg systolic 
and/or <80 mmHg diastolic 
arterial pressure
Normal: 120-129 mmHg 
systolic and/or 80-84 mmHg 
diastolic arterial pressure
High normal: 130-139 mmHg 
systolic and/or 85-89 mmHg 
diastolic arterial pressure

Neglectable practice varia-
tion: No or some deviations 
from the recommendation 
are observed, however it was 
judged that these deviations 
are not of importance or that 
the observed deviations are 
not necessarily unwanted.
Considerable unwanted 
practice variation: It was 
judged that most of the 
observed deviations from 
the recommendation are 
unwanted.

Management Option #1, when: 
indications

Do not provide an interven-
tion, when:
Optimal OR normal blood 
pressure is present

Re-assess at a later point 
in time, when:
Neglectable practice varia-
tion is present

Option #2, when: 
indications

Advice on lifestyle changes, 
when:
High normal blood pressure is 
present

Archive, when:
Neglectable practice vari-
ation is present AND the 
clinical field signals that guid-
ance is no longer needed*

Option #3, when:
indications

Advice on lifestyle changes 
and consider drug prescrip-
tion, when:
High normal blood pressure is 
present AND very high cardio-
vascular risk profile especially 
with coronary artery disease is 
present*

Update, when:
Considerable unwanted 
practice variation is present

*Different staging variables and tests are required to provide enough information for the several indi-
cations to choose an appropriate management option.
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in guideline development methodology handbooks (e.g. updating procedures). Available 
management options can have a unique set of subsequent actions. For instance, archiving a 
CPG requires different actions compared to withdrawing or (not) updating a CPG. Additionally, 
it’s worth considering that the set of management actions may differ between organizations 
for the same management option (e.g. updating).

3.2.4 Monitoring
In clinical practice, patients are usually followed over time to assess whether the selected 

management succeeded, to identify disease recurrence, or to assess disease progression. 
Similarly, SRs or CPGs in the portfolio can be monitored through cyclical assessments (see 
Figure A2 in Additional file 1). The cyclical assessments start by pre-specifying a time interval 
on which these reassessments take place. This means that the expiration of the prespecified 
time interval triggers a new cycle of assessments in the maintenance strategy rather than 
indicating that the SRs or CPGs are outdated. The choice of appropriate time intervals is 
essential. Prespecified time intervals should be long enough to allow for the development 
of new cases, recurrences, or progression, but not so long to cause excessive harm when 
the target condition had already developed early in the interval. If time intervals are too 
short, frequent assessments are resource intensive relative to the benefits. Too long intervals 
might lead to harmful consequences due to delayed identification of evolving conditions or 
outdated conclusions and recommendations.

3.3 Designing and tailoring a maintenance strategy

Maintenance strategies within organizations can potentially be designed and tailored 
according to the needs and capabilities of the organization by using the concepts of a test-
treatment pathway. Table A10 in Additional file 1 provides a blank process description table to 
design or tailor a maintenance strategy. Some detection and staging variables could provide 
more predictive information than others. The measurement of information on those variables 
may require more resources due to the nature of the tests or test protocols involved. If the 
organization is not capable or willing to spend such resources (e.g. budget, work force, 
time), a less resource intensive variable, test, or test protocol may be selected to obtain 
the information. However, this trade-off might result in a reduced predictive strength for the 
presence or absence of the target condition and management indications. Three examples of 
tailored maintenance strategies are provided in Additional file 1 (Tables A11-13 and Figures 
A3-5, respectively)

In these hypothetical scenarios, different choices were made between strategies leading 
to variations in how the target condition was defined, the selection of different detection and 
staging variables and tests, differences in management indications, and the availability of 
different management options. These variations resulted in different process flows, even 
though the underlying concepts and elements within the framework remain the same. 
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Table 6 – Examples of management options and their indications in the presence of the target condi-
tion.

Clinical healthcare example CPG maintenance scenario
Target 
condition 

Arterial hypertension is present 
(≥140/90 mmHg)

The recommendation is outdated 
(There was new peer-reviewed scientific 
evidence published)

Objective To choose an appropriate management 
option in the presence of the target 
condition using the information gathered 
from staging

To choose an appropriate management 
option in the presence of the target con-
dition using the information gathered from 
staging

Management 
option #1, 
when:
indications

Advice on lifestyle changes, when:
Grade 1 blood pressure AND low to 
moderate cardiovascular risk profile 
without cardiovascular disease, renal 
disease, or hypertension-mediated 
organ damage*

Update the recommendation, when:
New evidence is very likely cause changes 
in the strength of the recommendation OR 
new evidence is very likely cause changes 
in the direction of the recommendation OR 
new evidence indicates a new recommen-
dation should be added OR new evidence 
indicates an existing recommendation 
should be removed*

Management 
option #2, 
when:
indications

Advice on lifestyle changes and drug 
prescription after 3-6 months, when:
Grade 1 blood pressure AND low to 
moderate cardiovascular risk profile 
without cardiovascular disease, renal 
disease, or hypertension-mediated 
organ damage AND blood pressure 
was not controlled after 3-6 months of 
lifestyle interventions*

Do not update the recommendation, but 
reassess at a later point in time, when:
The new evidence is very unlikely or 
somewhat unlikely to cause changes in the 
strength or direction of the recommenda-
tion OR no new evidence was found OR a 
valid justification is provided to postpone 
an update*

Management 
option #3, 
when:
indications

Advice on lifestyle changes and im-
mediate drug prescription, when:
(Grade 1 blood pressure AND high to 
very high cardiovascular risk profile with 
cardiovascular disease, renal disease, 
or hypertension-mediated organ dam-
age)* OR grade 2 blood pressure OR 
grade 3 blood pressure

Withdraw the recommendation, when:
The clinical field signals that guidance 
is no longer needed OR new evidence 
indicates that an intervention should be 
de-implemented* OR registry data shows 
that the recommendations were fully 
implemented

*Different staging variables and tests are required to provide enough information for the several 
indications to choose an appropriate management option. A sphygmomanometer or ambulatory blood 
pressure monitor only provides information about the level of blood pressure. Similarly, a survey for 
the CPG recommendation that was solely intended to assess possible changes in the strength and 
direction does not provide information about de-implementation or whether new recommendations 
should be added.

4. Discussion
 
4.1 The framework in context

Initially, we observed a large variety of updating strategies being reported in the literature.3, 

9-12, 15, 21-24 These strategies may not directly be applicable or adopted by other organizations, 
as organizations probably must consider various factors related to their context, capabilities, 
needs, and available resources when designing or tailoring their maintenance strategy. 
Different choices for those considerations may result in different strategies being implemented. 
The POMBYTT framework introduces key components in maintenance strategies based 
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on a diagnostic test-treatment pathway. It provides theoretical guidance to designers, 
emphasizing the explicit consideration of key elements in the framework and thus operational 
aspects in the strategy. First, it prompts consideration about how the target condition (e.g. 
outdatedness) is defined, ensuring clarity in its definition. Next, it guides the determination 
of how the presence or absence of the target condition is assessed, including establishing 
the threshold for decision-making. Furthermore, the framework guides considerations for 
selecting appropriate management options based on indications, how to test for these 
indications and establishing staging thresholds. Additionally, it guides considerations about 
how monitoring processes can be performed. The components and elements may also be 
useful for stakeholders and end-users of SRs and CPGs. For instance, understanding the 
diagnostic and staging components can be helpful for clinicians and local protocol developers 
to informally screen the CPGs and SRs they consult. This might eventually result in stronger 
signals from the clinical field to organizations maintaining SRs and CPGs, indicating whether 
an SR or CPG is considered outdated for practice.

Some of the reported strategies lead to multiple management options.9, 10, 15, 16, 25 Most of 
these options seem to focus on variations of (not) updating. For example, “don’t update”, 
“don’t update yet”, “to be updated”, or “update now”,16 and “prepare update”, “update pending”, 
“no update planned”, or “up to date”.15 Other strategies lead to “exclude”, “no update”, 
“exceptional update”, and “start regular update”,9 or “don’t update”, “don’t update yet”, and 
“to be updated”.16 This may reflect the different needs or preferences for management 
options within organizations. Through the POMBYTT framework it becomes prevalent that 
there might be more management options available in the strategy than (not) updating, even 
when the target condition is absent. For example, re-endorsing, archiving, or withdrawing. 
The theoretical framework reveals that the question ‘when to update?’ is only one part of a 
maintenance strategy, which leads to the updating management option. The question ‘how to 
manage?’ is probably a more encompassing question in the context of portfolio maintenance. 
Furthermore, the framework could potentially aid in adapting existing strategies to the needs 
and capabilities of an organization. The existing strategy could be mapped to the framework 
(e.g. by using the Table A10 in Additional file 1) and changes or additions to the strategy can 
be made in line with the organization’s context, needs, capabilities, and/or resources.

It can be argued that the living SR or CPG is a competing or complementary concept to the 
POMBYTT framework. However, it is possible to map the elements of living SRs or CPGs to 
the theoretical POMBYTT framework. In the case of a living CPG recommendation, updates 
are made when new relevant evidence becomes available.18 Based on this, we can deduce 
that the definition of the target condition could be ‘outdatedness of a recommendation is 
present when there is new relevant evidence’, the detection variable could be ‘new evidence’, 
the detection test could be a ‘literature search and selection’, and the detection threshold 
is ‘any new relevant evidence’. Further guidance suggests a possible staging test where 
the CPG panel discusses the potential effect of changes in the body of evidence on the 
recommendation.26 This approach is also seen in other living CPG literature, where an 
expert panel could be considered as a staging test using ‘the content of the recommendation 
changes OR the strength of the recommendation changes’ as management indications.27 
The guidance also provided management options for living CPG recommendations: no 
modification, modification of elements in the recommendation, merging recommendations, 
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splitting recommendations, retirement, and removal.26 With Table A13 and Figure A5 
(Additional file 1) we adapted information found in living recommendation literature18, 26, 27 for 
illustrative purposes to provide a hypothetical example of a living strategy.

4.2 Considerations for variables

The needs and capabilities of an organization may be a factor in selecting detection and 
staging variables for a tailored maintenance strategy. However, literature may also provide 
some evidence about which variables to use. One study reported that both the ‘number of 
new trials’ and the ‘identification of new drugs’ were predictors for the decision to update 
SRs in a multivariable model.28 The authors reported that ‘a newly approved indication for 
an existing drug’ was not a significant predictor. Another study predicted the probability that 
conclusions would change in an update.25 Three variables (i.e. effect size ratio, I-squared, 
power) were not significant predictors in univariable analyses. Six variables were significant 
predictors in univariable analyses while only the ‘number of new trials’ and the ‘log weight 
ratio’ remained in the multivariable model predicting changes in conclusions. The exclusion 
of the four other variables (i.e. large new trial, log participant ratio, logit standard error, log 
study ratio) in the multivariable analysis indicates that these variables carried less predictive 
information. Variables containing less predictive information might still be good enough as 
proxy variables when organizations are unable to spend their resources for obtaining data 
on the known best predictors.

4.3 Considerations for tests

Different tests and test protocols may provide information with different predictive strength 
on the same variable. Surveying experts for new evidence is arguably less resource intensive 
than performing a systematic literature search and selection. However, a systematic approach 
of search and selection might yield higher predictive information in terms of the number of 
identified studies. Systematic searches and selections might not be feasible for resource-
limited organizations. Especially when individual searches and manual literature selections 
are performed for every key question in the organization’s portfolio. This might change in 
the future when machine learning systems are deployed to reduce time investments.29, 30 
Nevertheless, the gained time investments from semi-automation currently might come at a 
loss of accuracy in the study selection.31, 32

Even within a single test there could be a difference in the resulting predictive information 
as variations could arise in the test protocol. For example, a single-person literature screening 
and selection might result in more missed studies than an independent double-blind literature 
screening. Other examples of variations within literature search and selection protocols in 
favor of time efficiency can be found in rapid review methodology, where it is proposed to 
dual screen at least 20% of the abstracts.33 Future considerations about the impact on the 
predictive quality of information in test protocols might include whether single or dual-person 
literature selections are assisted by machine learning systems. Currently, semi-automating 
the literature selection in a single person protocol could result in a larger risk of missing 
relevant literature in the selection.34
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4.4 Considerations for monitoring

Conclusions and recommendations seem to get out of date at variable rates,1, 2 thus a 
prespecified time interval itself does not inform which specific SR or CPG needs maintenance. 
The function of a prespecified time interval in the POMBYTTS framework, rather, is to 
initiate a new cycle of (re)assessments. Cyclical monitoring can enable the detection of new 
developments, recurrences, and progression. To detect a recurrence, the target condition 
needs to be present again after previous management actions were initially carried out to 
resolve the presence of the target condition. However, in some circumstances the target 
condition may be present in the SR or CPG but is not severe enough to allocate resources 
to for further maintenance actions, such as updating. Cyclical monitoring could then be used 
to monitor the progression of the target condition over time until the threshold is reached 
and indications for the management option are present. For example, when new evidence is 
available and does warrant new recommendations or a change the direction or strength of the 
recommendation. Here, the target condition can be present but no indications for updating 
are present. Future reassessments may show that the threshold is reached, indicating an 
update is appropriate. Setting an appropriate time interval between reassessments could be 
difficult. The interval should be long enough for the target condition to develop or progress 
but short enough to do no excessive harm when the target condition already developed or 
progressed early. A living CPG concerning pharmacological interventions for neuropathic 
pain after spinal cord injury searched for new evidence after 21 months and 10 months 
thereafter, respectively.27 The living SR35 in the World Health Organization’s ‘Therapeutics 
and COVID-19’ guideline36 monitored the literature daily. The interval may be dependent on 
the rate of developments in the specific field, available resources, or urgency. 

4.5 Limitations

One limitation of the presented framework is that it remains theoretical and has not yet been 
piloted in real-world situations for the development of SR and CPG maintenance strategies. 
While current updating and maintenance strategies can be mapped to the framework, its 
practical implementation and usability have not been tested. This is particularly relevant 
when dealing with very large portfolios, as monitoring the entire portfolio can be resource 
intensive. To address this challenge, one potential solution is to select less resource intensive 
tests that still provide an acceptable level of predictive information.

Another limitation pertains to the search and selection of the literature for our review. The 
search strategy primarily focused on identifying literature related to updating, and other 
maintenance options were not specifically targeted. Additionally, only literature that reported 
at least one indicator for the need for updating was included, potentially excluding literature 
solely reporting considerations for alternative management options. However, this limitation 
mainly affects the extent of examples provided and does not impact the fundamental concepts 
and elements of the framework. 

Furthermore, subjective decisions were made during the selection of literature. For instance, 
some processes were categorized as need for updating processes rather than prioritization 
processes.16, 21, 25, 37 The examples of variables, tests, and thresholds in Additional file 1 were 
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based on our interpretation for elements in the framework and may not align with the intended 
use in the original publications. 

4.6 Future directions

In the future, there is potential for an evidence ecosystem to emerge, connecting the primary 
research community, the evidence synthesis community, the guideline developing community, 
and their stakeholders.38 Processes within organizations participating in the ecosystem need 
to assure that exchangeable products and cocreated products are trustworthy. In our opinion, 
this is two-fold: trustworthy in terms of quality (due to rigorous development procedures) and 
trustworthy in terms of up-to-date products (due to rigorous portfolio maintenance strategies). 
The current theoretical POMBYTT framework might be a valuable tool to potentially design 
or adapt maintenance strategies for organizations in an evidence ecosystem to keep their 
SRs or CPGs up-to-date. This might particularly be important for resource-constrained 
organizations who face challenges in allocating resources for maintenance activities. In an 
ideal world, using the maintenance framework results in a strategy where the whole portfolio 
can enter a maintenance strategy and receive appropriate management actions by selecting 
less resource intensive tests. However, organizations with limited resources could also use 
priority-setting assessments to spend the available resources for maintenance on those SRs 
or CPGs with the highest priority. This requires new concepts to be introduced to the current 
theoretical POMBYTT framework.

The two hypothetical strategies designed with the framework (Tables A11-12 and Figures 
A3-4 in Additional file 1) and the living strategy derived from information from living 
recommendation literature18, 26, 27 mapped to the framework’s elements (Table A13 and 
Figure A5 in Additional File 1)  might demonstrate the framework’s potential applicability 
and relevance for maintenance practices. However, the POMBYTT framework has not 
undergone empirical validation in real practice. Therefore, future research could focus on 
potential application in research and practice by assessing the usability and feasibility of the 
POMBYTT framework for designing maintenance strategies and thereafter assessing the 
feasibility of the designed strategy for maintaining a portfolio or SRs or CPGs in the real-world. 
Research within the scope of the framework could focus on identifying detection and staging 
variables with acceptable predictive qualities given the resources available to obtain data 
on these variables. Artificial intelligence might enable the use of sensitive literature search 
strategies while relieving the workload associated with literature selections. Organizations 
may then choose to reallocate freed up resources to improve other test protocols that could 
provide better predictive information but are more resource intensive.

5. Conclusions

The choices regarding variables, tests, test protocols, indications, management options, 
and monitoring when designing a maintenance strategy with the theoretical POMBYTT 
framework will have a direct impact on the resulting processes in the strategy. These 
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elements aid in thinking about and being explicit about how the strategy operates when 
designing a maintenance strategy. For the resource-constrained organization it seems 
important to consider what result in acceptable predictive information about the presence or 
absence of the target condition and management indications while minimizing the resource 
investments. Understanding the components in the framework may also be helpful for 
stakeholders and end-users of SRs and CPGs to informally screen whether the SR or CPG is 
potentially still valid. Although the theoretical POMBYTT framework needs testing in the real 
world, it highlights important elements that should be explicitly considered when designing 
or adapting maintenance strategies. By taking these elements into account, organizations 
might potentially develop maintenance strategies related to their needs and context. 
Furthermore, the framework shows that there can be multiple management options available 
within a strategy, even when the target condition is absent. This highlights the importance of 
considering alternative management options beyond solely focusing on updating, probably 
offering greater flexibility in maintenance approaches.
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Additional File 1 
 
A1.1 Review methods

A formal literature review protocol was not prepared a priori and the literature review was 
not registered.

A1.1.1 Search strategy
We searched MEDLINE (via PubMed) for relevant published literature on 10 October 2018 

which was updated on 29 April 2020. The search string contained keywords with synonyms 
and was constructed as follows: ((need for updating) OR (prioritizing)) AND (methods) AND 
(systematic review OR guideline). Additionally, PubMed Health (discontinued on 31 October 
2018 [1]) was searched for relevant reports on 10 October 2018 with a similar search string. 
Hits from PubMed Health were limited via the search engine’s interface by using the ‘methods 
resources’ filter. The complete search string for PubMed and PubMed Health are available 
under subheadings A1.1.1.1 and A1.1.1.2. We used a previously published SR to identify 
handbooks that considered updating CPGs [2]. If available, the latest version of a handbook 
was obtained through the organization’s website. All reference lists from the included journal 
articles, reports, and handbooks were hand searched for additional relevant literature.

A1.1.1.1 PubMed search string
((need[tiab] OR needs[tiab] OR needed[tiab] OR signal[tiab] OR signals[tiab] OR 

require[tiab] OR requires[tiab] OR required[tiab] OR detect[tiab] OR when[tiab]) AND 
(update[tiab] OR updates[tiab] OR updating[tiab] OR updated[tiab] OR “out of date”[tiab])) 
OR (prioritize[tiab] OR prioritise[tiab] OR prioritization[tiab] OR prioritisation[tiab] OR 
priority[tiab] OR priorities[tiab] OR prioritized[tiab] OR prioritised[tiab] OR prioritizing[tiab] 
OR prioritising[tiab]) AND (“Models, Theoretical”[Mesh] OR method[tiab] OR methods[tiab] 
OR methodology[tiab] OR methodologies[tiab] OR process[tiab] OR processes[tiab] OR 
surveillance[tiab] OR strategy[tiab] OR strategies[tiab] OR system[tiab] OR systems[tiab] 
OR approach[tiab] OR approaches[tiab] OR criteria[tiab] OR checklist[tiab] OR tool[tiab] OR 
content[tiab]) AND (“Review literature as topic”[mesh] OR “meta-analysis as topic”[mesh] OR 
“Practice guidelines as topic”[mesh] OR “guidelines as topic”[mesh] OR “Time factors”[mesh])

A1.1.1.2 PubMed Health search string
FILTER: METHODS RESOURCES

((need[tiab] OR needs[tiab] OR needed[tiab] OR signal[tiab] OR signals[tiab] OR 
require[tiab] OR requires[tiab] OR required[tiab] OR detect[tiab] OR when[tiab]) AND 
(update[tiab] OR updates[tiab] OR updating[tiab] OR updated[tiab] OR “out of date”[tiab])) 
OR (prioritize[tiab] OR prioritise[tiab] OR prioritization[tiab] OR prioritisation[tiab] OR 
priority[tiab] OR priorities[tiab] OR prioritized[tiab] OR prioritised[tiab] OR prioritizing[tiab] 
OR prioritising[tiab])
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A1.2 Eligibility and literature selection

Studies, reports, and handbooks that described at least one signal or consideration 
to assess the need for updating of SRs or (sections of) CPGs were included. We did not 
consider time thresholds (e.g. “update after 3 years”) as signals that inform decisions in the 
assessment of the need for updating. We believed that time thresholds immediately trigger 
an update without providing information about the actual outdatedness and therefore do 
not inform decisions in assessing the need for updating. Literature was excluded when they 
were non-healthcare related, conference abstracts, oral or poster presentations, or when 
literature could not be obtained. Obvious non-relevant hits regarding unrelated topics were 
excluded by one author (MSO). When in slightest doubt the reference was advanced to the 
title and abstract screening phase. The resulting hits were screened on title and abstract by 
two authors (MSO, RGE) blinded for each other’s decision. The reference was advanced 
to the full text selection phase when in doubt or disagreement. Full text articles, reports, 
and handbooks were read and selected by two authors (MSO, RGE) while blinded for each 
other’s decision. When no consensus could be reached or unclarity persisted after reading 
the full text, a third author (LH) was consulted for a final decision. 

A1.3 Data extraction and data handling

One author (MSO) extracted the data using a standardized data-extraction form. General 
characteristics such as publication year, author, organization, country and title were extracted 
and if the indicator was described for an SR or CPG. Signals and considerations specifying 
an organization, field, or profession were replaced with generalized terms. For example, 
“New serious safety alert issued by the FDA or Health Canada” [3], was generalized to 
“New serious safety alert issued by federal organizations”. Multiple considerations or signals 
presented in one sentence or as a cluster were separated when assumed that they could be 
independent of each other. For example, “The nature and volume of new evidence” [4] was 
separated into “The nature of new evidence” and “The volume of new evidence”. Extracted 
signals and considerations were cross-checked by another researcher.

A1.4 Data analysis

We used NVivo for Windows (NVivo qualitative data analysis software; QSR International 
Pty Ltd. Version 12) to identify common themes among the extracted data. One author (MSO) 
performed the qualitative coding. The emerging domains were discussed with one author 
(LH). Changes as a result of the discussion were made without the use of NVIVO. Additional 
data extracted from papers identified in the updated search strategy were placed under the 
existing domains. The extracted data was thereafter characterized as detection variables, 
detection tests, detection thresholds, staging variables, staging tests, staging thresholds, or 
management indications at our own discretion.
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Figure A1. Flow diagram of the study selection. Handbooks were identifi ed through a previously published 
systematic review by Vernooij et al. [2]
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Guideline development 
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Figure A5 – Process flow diagram of the hypothetical ‘living’ example strategy (see Table A13) based on 
information found in Akl et al. 2017 [57], El Mikati et al. 2022 [58], and Bragge et al. 2022 [59] which we adapted for 
illustrative purposes.
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Abstract
 
Background

In maintenance strategies for clinical practice guidelines and systematic reviews where 
resources are limited, priority-setting plays a crucial role. We aimed to extend the Portfolio 
Maintenance by Test-Treatment (POMBYTT) framework with guidance on priority-setting.

Methods

A conceptual approach was employed combined with a literature review. Roles of new 
tests in a diagnostic work-up, as described in diagnostic rest accuracy methodology, were 
transferred to the context of systematic review and clinical practice guideline maintenance 
strategies.

Results

The POMBYTT framework was extended with guidance incorporating priority-setting into 
maintenance strategies. Four distinct performances were identified based on the combination 
of the role (i.e. triage or add-on) and outcome level (i.e. ordinal or ranked continuous) of 
priority-setting assessments. The priority-setting assessment aims to assign a certain level of 
priority to systematic reviews or clinical practice guidelines. The priority-setting assessment 
determines whether the systematic review or clinical practice guideline continues within the 
maintenance strategy (triage) and whether the systematic review or clinical practice guideline 
receives a management action (add-on). The literature review provided possible examples of 
priority indicators for priority-setting assessments.

Conclusions

The performance of a priority-setting assessments should be aligned with the goal of 
priority-setting in the maintenance strategy. Selecting a specific performance will guide the 
designers of a maintenance strategy in determining the appropriate role and outcome level 
for the priority-setting assessment.

Keywords: priority-setting, prioritization, indicators, clinical practice guidelines as topic, 
systematic reviews as topic, concept formation
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1. Introduction

Systematic review (SR) and clinical practice guideline (CPG) developing organizations 
usually encounter resource limitations in the production and updating of their products. 
Resources can be viewed in a broad sense where it could concern the available budget, 
personnel, or time. It is therefore important for the resource constrained organization to 
spend its resources on the maintenance of those SRs or CPGs which have enough priority. A 
priority-setting assessment can be incorporated in a maintenance strategy to identify which 
SR or CPG has enough priority to invest resources in. These assessments, for example 
the UpPriority tool,1, 2 may incorporate priority indicators to assess the perceived priority 
of an SR or CPG, such as “impact on access” and “known new evidence”,3 or “impact of 
outdated recommendations on safety” and “user’s interest”,1, 2 or “uncertainty in practice” and 
“variation in practice”.4, 5 Systematic reviews also identified various (steps in) priority-setting 
assessments and even more indicators.6-9 Such assessments are used to identify priority SRs 
or CPGs, although their role and performance as part of a maintenance strategy is usually not 
made explicit. Priority-setting can be performed at different stages in a maintenance strategy. 
For example, during an updating strategy3 or as a last step in the strategy before actually 
performing updates.10 For living CPGs, it is even proposed to prioritize recommendations 
upfront to determine which should be assigned a living status.11 Different timings may have 
different consequences for the maintenance strategy. Furthermore, identifying SRs or CPGs 
in need for updating might even be interpreted as being priority-setting itself. 

The distinction between need for updating and priority-setting can be made clear through 
the Portfolio Maintenance by Test-Treatment (POMBYTT) framework.12 The framework 
describes how SRs or CPGs undergo diagnostic and staging tests to determine which 
management option should be selected, for example whether an update is indicated. 
However, there may be more SRs or CPGs for which an update is indicated than there 
are resources to perform these updates. A priority-setting assessment is then needed to 
align the available resources to those SRs or CPGs with the highest priority to receive 
an update. Here, resources can be regarded in a broad sense. Previous work discussed 
considerations for the resource constrained organization when choosing tests and test 
variables in designing a maintenance strategy.12 However, elements for priority-setting 
within a maintenance strategy for the resource constrained organization were not previously 
described in the POMBYTT framework. Such elements may contribute to explicitly thinking 
about the timing, performance, and indicators of priority-setting assessments in maintenance 
strategies. Extending the POMBYTT framework with priority-setting elements would help 
to design and understand how maintenance strategies operate under resource constraints. 
Other work may be used to design the priority-setting assessment itself, were various steps 
before, during and after priority-setting are described.7 

The POMBYTT framework can be considered a theoretical approach describing a test-
treatment pathway for maintenance. Adding priority-setting assessments can therefore 
be thought of as adding news tests to a test-treatment pathway. Interestingly, diagnostic 
test accuracy research methodology describes three roles for new tests to be added to an 
existing work-up, which are replacement, triage, and add-on.13 These new tests will, however, 
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not function as diagnostic or staging tests. Where diagnostic and staging tests are used 
to determine which management option should be selected in the strategy, priority-setting 
assessments will test which SR or CPG has more priority above others. We therefore aimed 
to extend the POMBYTT framework by adding priority-setting elements concerning the role, 
performance, and examples of indicators to further aid resource constrained organizations 
in designing a maintenance strategy. 

2. Methods

We conducted a literature search to gain an overview of priority indicators described in the 
literature. Additional file 1 presents the detailed literature review methodology. In summary, 
we searched MEDLINE (through PubMed) and PubMed Health for relevant studies, 
reports, and handbooks. Two authors (RGE, MSO) independently conducted the title and 
abstract screening and the selection of the full text papers. One author (MSO) extracted 
the relevant data. We used NVivo for Windows (NVivo qualitative data analysis software; 
QSR International Pty Ltd. Version 12) for qualitative analysis to identify overall domains 
among the extracted data. We then transferred the roles of new tests described in diagnostic 
test accuracy methodology13 to the context of priority-setting in the POMBYTT framework.12 
Three separate roles of diagnostic tests are defined: replacement of an existing test, triage 
before existing tests, and add-on after existing tests.13 Replacement will result in using a new 
test on the exact same location of an existing test in the test-treatment pathway. Priority-
setting assessments, however, will not replace any of the diagnostic or staging tests in the 
POMBYTT framework. Therefore, the replacement role is not further explored. Instead, we 
describe priority-setting in both the triage and add-on role. The extracted priority indicators 
from our literature review were mapped at our own discretion to the roles in the framework. 
In addition, we furthermore described how priority-setting assessments may perform in a 
maintenance strategy depending on their role and outcome level. Table 1 provides a glossary 
of terms used in the context of priority-setting in the POMBYTT framework.

3. Results
 
3.1 Priority indicators and outcome levels in literature

Fifteen references were included in the literature review (see Figure A1 and Tables A1-2 
in Additional file 1). Fifty priority indicators were described, such as “Impact on access to 
health care”,2 “Are there substantial variations in the diagnosis and/or treatment of the health 
problem?”,14 “How out of date are the conclusion considering the magnitude/direction of 
changes in estimates”,15 and “Does the health problem in question carry a high individual 
or population burden of morbidity, mortality, or disability?”.14 We identified nine domains of 
indicators through qualitative analysis: access, clinical practice, new evidence, prediction 
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Table 1 – Glossary of the terms used in the context of priority-setting in the POMBYTT framework.

Term Description
Add-on Add-on is one of the roles within priority-setting. In this role, the priority-setting as-

sessment is placed after the initial staging and selecting the management option, but 
before any management actions. The add-on role ensures that priority systematic 
reviews and clinical practice guidelines receive the necessary management actions 
associated with the selected management option, while lower-priority systematic 
reviews and guidelines are deferred.

Cut-off A cut-off refers to a predetermined limit that is used to select either specific levels 
(using an ordinal outcome level) or a specific number of the top-ranked systematic 
reviews or clinical practice guidelines (see limit of capacity).

Performance The manner a priority-assessment operates within the maintenance strategy. The 
performance is affected by both the specific role the priority-setting assessment 
fulfills and its outcome level.

Limit of 
capacity

In priority-setting assessments with a ranked continuous outcome level, this spe-
cific type of cut-off used. This cut-off is aligned to the available resources that the 
organization is able or willing to spend. Let’s consider an add-on priority-setting 
assessment that involves performing an update as an example. The limit of capacity 
is set at five, which means the organization has available resources guaranteeing 
five updates. As a result, the five top-ranked systematic reviews or clinical practice 
guidelines are selected to receive the associated management actions.

Maintenance 
strategy

This strategy aims to select the most appropriate management option through testing 
and performing specific management actions that are associated with the selected 
management option.

Management 
actions

Actions that follow from the decision for a specific management option. It may 
concern actions to actually perform an update (e.g. re-run search strategy, data- ex-
traction, etc.) or retraction (e.g. removal from webpage, removal from portfolio, etc.).

Management 
options

A predefined option to handle an SR (conclusion) or CPG (recommendation) when 
the target condition is present or absent, depending on the specific stage, severity, 
status, or circumstance. 

Outcome 
level

The level of measurement in a priority-setting assessment (see ordinal outcome and 
ranked continuous outcome).

Ordinal out-
come

When the outcome of a priority-setting assessment has ordinal categories. Individual 
systematic reviews or clinical practice guidelines are designated by a priority-setting 
assessment to one of the ordinal categories indicating the level of priority.

POMBYTT 
framework

The Portfolio Maintenance by Test-Treatment (POMBYTT) framework is a framework 
based on a diagnostic test-treatment pathway (i.e. diagnosis, staging, management, 
and monitoring) to aid the design and tailoring of a maintenance strategy.12

Priority indi-
cator

An indicator that signals the degree of priority of a systematic review or clinical prac-
tice guideline on a single factor.

Priority-set-
ting assess-
ment

A process to assess the degree of priority of (individual) systematic reviews or clin-
ical practice guidelines. Priority-setting assessments may use priority indicators to 
assess the perceived priority.

Ranked 
continuous 
outcome

The outcome level of a priority-setting assessment that ranks (individual) system-
atic reviews or clinical practice guidelines on their priority. The resulting list shows 
individually ranked systematic reviews or clinical practice guidelines ordered from 
highest to lowest priority.

Role The role a priority-setting can take in a maintenance strategy. Different roles have 
different performances in the maintenance strategy. Both the triage and add-on roles 
are described.

Sentinel The characteristic of a priority-setting assessment which challenges all systematic 
reviews or clinical practice guidelines to demonstrate a certain degree of priority be-
fore allowing them to continue. The level or degree of priority needed to demonstrate 
is defined by a cut-off (see cut-off or limit of capacity). Systematic reviews or clinical 
practice guidelines not demonstrating that predefined level or degree of priority are 
deferred.

Triage Triage is one of the roles in a priority-setting assessment. In this role, the priority-set-
ting assessment is placed before diagnosis in the POMBYTT framework. Triage 
allows priority systematic reviews or clinical practice guidelines to continue within 
the maintenance strategy while lower-priority systematic reviews and guidelines are 
deferred.
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and probability, organizational decisions, outdatedness of conclusions or recommendations, 
patient burden or inclusion, users, and other. Brief descriptions of priority-setting assessments 
and their outcome level are described in Table A2 (Additional file 1). Both ordinal and ranked 
continuous outcome levels were observed in the included literature. Six of the included 
references in the literature review reported an ordinal outcome of their priority-setting.3, 15-19 
Three references used a ranked priority-setting outcome.2, 20, 21

3.2 Priority-setting assessment roles in the POMBYTT 
framework

Where the POMBYTT framework (Figure A2 in Additional file 1) already used diagnostic 
and staging tests,12 priority-setting assessments can be regarded as new tests measuring 
the degree of priority to be added to the framework. Like tests in diagnostic test-treatment 
strategies, priority-setting assessments can be placed at different positions in the POMBYTT 
framework defining their role. There are different downstream consequences for the SR or 
CPG after the priority-setting assessment depending on whether there was sufficient priority. 
These downstream consequences should be defined so that it is clear what happens to items 
with (in)sufficient priority in the maintenance strategy. Although re-assessment is defined for 
items with not enough priority in Figure 1 (red pathway), the downstream consequence could 
be described differently according to the organization’s need in the maintenance strategy. 
For example, an alternative downstream consequence for insufficient priority in Figure 1B 
(red pathway) could be ‘perform management actions as soon as capacity is freed’. 

3.2.1 Triage role
The priority-setting assessment in a triage role is placed before existing tests in the 

framework (i.e. diagnostic and staging tests), resulting in a triage before the target condition 
(e.g. outdatedness) is detected. The priority-setting assessment becomes the first test before 
any SR or CPG advances to further testing. Figure 1A schematically shows the position 
of a triage priority-setting assessment, while Figure 2 shows its position in the POMBYTT 
framework. We provide examples of indicators which could be used for triage priority-setting 
assessments in Table 2.

3.2.2 Add-on role
The priority-setting assessment in an add-on role is placed after the existing tests (i.e. 

diagnosis and staging tests) and the decision for a specific management option in the 
framework. However, it is positioned before actually performing management actions 
associated with the selected management option. Thus, such assessment is only performed 
in the group of SRs or CPGs for which the management option was selected. Figure 1B 
schematically shows the position of an add-on priority-setting assessment. See Figure 2 for 
the positioning of an add-on priority assessment in the POMBYTT framework. Although the 
Figure 2 shows priority-setting after the decision to update was made, add-on priority setting 
can be used after the selection of any other management option when desirable. Table 3 
shows examples of indicators which could be used in add-on priority-setting assessments.
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3.3 Priority-setting outcome levels

3.3.1 Ordinal outcome level
A priority-setting assessment with an ordinal outcome can have two or more levels of 

priority (see Figure 3A and 3B). The assessment measures priority of individual SRs or CPGs 
to assign them to the appropriate level of priority (e.g. low, medium, high, very high). The level 
of priority can only be distinguished between the groups of SRs or CPGs in each level due to 
the ordinal outcome. For example, a ‘very high’-level has a higher priority than those in the 
‘high’, ‘medium’, and ‘low’-levels. However, it can be difficult to discern the degree of priority 
of individual SRs or CPGs within one ordinal level. For example, it might not be known which 
individual SR or CPG has a higher or lower degree of priority compared to other individual 
SRs or CPGs within the ‘very high’-level. A cut-off can be used to discriminate between 
those groups of SRs and CPGs having enough priority to continue and those with insufficient 
priority (Figure 3A and 3B).
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Figure 1. Schematic representation of priority-setting assessment roles. The priority-setting in a triage role (A) 
is depicted in orange, while the priority-setting in the add-on role (B) is depicted in blue. Early triage priority-setting 
determines which priority systematic review or clinical practice guideline enters the strategy. Add-on priority-setting 
determines which priority systematic review or clinical practice guideline receives management actions. The priority-
setting assessment’s definitive outcome results in different downstream consequences for the SRs or CPGs (purple 
arrows), depending on whether the SRs or CPGs have (in)sufficient priority (green vs. red pathways in both A and B).
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Figure 2. Priority-setting assessments in the Portfolio Maintenance by Test-Treatment framework. The figure 
shows the position priority-setting in the triage role (orange) and in the add-on role (blue). Add-on priority-setting is 
placed after the decision for a specific management option is made but before the associated management actions 
are performed. Add-on priority-setting was only depicted for one management option in this figure, however add-on 
priority setting can be performed after the decision for any management option.
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Table 2 – Examples of priority indicators which could be used in a priority-setting assessment in the 
triage role

Domain Indicator Reference
Described 

for:
Access Does the document have an Impact on access to 

care?
3 CPG

Impact on access to health care 2 CPG

Clinical 
practice

Controversial areas 22 CPG

Will a newly developed guideline have a meaningful 
impact on clinical decision-making? †

14 CPG

Will a newly developed guideline have a meaningful 
impact on clinical outcomes? †

14 CPG

Potential for a recommendation to affect clinical 
practice (based on existing controversy or the belief 
that a gap exists between evidence and practice)

19 CPG

Are there substantial variations in the diagnosis 
and/or treatment of the health problem?

14 CPG

Resolving areas of conflict within field 23 CPG

The recommendation is a priority for decision-mak-
ing

11 CPG

New evidence Availability of new relevant evidence 2 CPG

New evidence 22 CPG

Expected volume of new evidence 2 CPG

Present emergence of new evidence 23 CPG

There are primary studies for inclusion in the review 24 SR

Are there sufficient research findings available upon 
which to base a clinical practice guideline?

19 CPG

There is likely to be new evidence 11 CPG

Organizational 
decisions

Will a newly developed guideline be of significant 
benefit to the organization’s members? †

14 CPG

Need for a balanced portfolio of topics 19 CPG

Are potential new topics, nominated for guideline 
development, more important to the organization’s 
membership? The Guideline committee will eval-
uate the value of updating a published guideline 
against potential new topics for guideline develop-
ment

14 CPG

Patient burden 
or inclusion

The author team is agreeable to formally including 
consumers and/or other stakeholders in the review 
planning, conduct and/or dissemination

24 SR

Other Are there existing guidelines on this topic? 14 CPG

Context relevance of the clinical question 2 CPG

Methodological applicability of the clinical question 2 CPG

Development of new clinical questions 2 CPG
†From the described procedures it was deduced that updates were probably also prioritized according 
to this signal.
CPG: Clinical practice guideline 
SR: Systematic review
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Table 3 – Examples of priority indicators which might be used in a priority-setting assessment in the 
add-on role

Domain Indicator Reference
Described 

for:
Clinical practice Will a newly developed guideline reduce practice 

variation?
14 CPG

New evidence New evidence (e.g. new studies or new analyses of 
previous data) that had the potential to change the 
prior recommendation

19 CPG

Is there known evidence that has been published 
since this document’s last literature search that would 
result in significant changes to the recommendations?

3 CPG

There is a reasonable chance that the existing rec-
ommendation changes with the emergence of new 
evidence

11 CPG

Prediction and 
probability

The likelihood of the effect size of the updated me-
ta-analysis to lay inside, outside, or across prespeci-
fied limits representing clinical equivalence

20 SR

Estimated probability of conclusions changing after the 
addition of new studies to an existing meta-analysis, 
by: estimated p = invlogit(0.1207 + 0.4101 x weight 
ratio + 0.1836 x number of new trials)

21 SR

The ratio of the sum of weights allotted to the predict-
ed new and existing studies in the updated meta-anal-
ysis

20 SR

The probability of producing statistically significant 
results when adding further studies (in which the 
results are consistent with those that already exist) to 
an existing meta-analysis

20 SR

The number of additional participants (on average) 
from new evidence relative to the predicted number of 
participants required to obtain significance

20 SR

The ratio of the standard error of the predicted new 
estimate of effect to the existing effect 

20 SR

Organizational 
decisions

Is there substantial public or political demand for this 
practice guideline?

14 CPG

Outdatedness 
of conclusions 
or recommen-
dations

Impact of outdated recommendations on safety 2 CPG

How out of date is the part of the systematic review? 16-18 SR

How out of date are the conclusion considering poten-
tial changes in practice or therapy preference

15 SR

How out of date are the conclusion considering the 
magnitude/direction of changes in estimates

15 SR

How out of date are the conclusion considering the 
availability of new treatment

15 SR

How out of date are the conclusion considering safety 
issues including withdrawn from the market drugs/
black box warning

15 SR

How many conclusions of the systematic review are 
up-to-date, possibly out of date, or certainly out of 
date?

15 SR

How much of the systematic review is possibly, proba-
bly or certainly out of date?

15 SR
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Patient burden 
or inclusion

Does the health problem in question carry a high 
individual or population burden of morbidity, mortality, 
or disability?

14 CPG

Public health importance (i.e. burden of suffering and 
expected effectiveness of the preventive service to 
reduce that burden)

19 CPG

Users According to users’ need for new and updated guide-
lines

25 CPG

User’s interest 2 CPG

Other Does the health problem and/or its diagnosis and/or 
treatment carry a high unit or aggregate cost?

14 CPG

Item scores and priority scores† 2 CPG

The review can be commenced in a timely manner 24 SR
†Scores calculated with a priority-setting tool
CPG: Clinical practice guideline
SR: Systematic review

Ranked prioritization outcome:

Ranked list based on the priority-
setting assessment: 
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Figure 3. Schematic representation of priority-setting outcome levels. The figure shows priority-setting assessments 
with and ordinal outcome level having two (A) or more (B) ordinal levels of priority. Furthermore, a ranked continuous 
priority-setting assessment is showed (C). The dashed line represents the cut-off, determining which items have (in)
sufficient priority. The cut-off can move (dashed arrow in B and C) to expand or limit the definition of (in)sufficient priority. 
In a ranked continuous outcome (C) the cut-off can be aligned to the available resources, making it a limit of capacity 
(dashed arrow in C). The sentinel characteristic of priority-setting can be observed here, where items with high enough 
priority continue (green box) and items with not enough priority are deferred (red box).
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3.3.2 Ranked continuous outcome level
The priority-setting assessment with a ranked continuous outcome will result in a ranked 

list of SRs or CPGs. The degree of priority of individual SRs or CPGs is measured and 
compared to the degree of priority of other individual SRs or CPGs. Any arbitrary cut-off can 
be used to select the top-ranked SRs or CPGs with the highest degree of priority. However, 
with resource efficiency considered, a limit of capacity can be used as a cut-off to select 
the top ranked SRs or CPGs (see Figure 3C). The limit of capacity translates the available 
resources an organization can or is willing to invest into a specific number of SRs or CPGs 
(i.e the capacity). Here, we view resources in a broad sense (e.g. time, budget, available 
personnel). 

3.4 Performance of priority-setting assessment in 
maintenance strategies

Priority-setting in a maintenance strategy can be considered as a sentinel (Figure 3). 
All SRs or CPGs entering the priority-setting assessment are challenged to demonstrate 
a certain level or degree of priority to pass through. How a priority-setting assessment 
performs in a maintenance strategy depends on its role and its outcome level. 

In a triage role, the priority-setting assessment performs like a sentinel controlling the 
inflow of SRs or CPGs in the maintenance strategy, where only those SRs or CPGs with 
enough priority may continue for further testing in the maintenance strategy. In practice, 
it is a priority-check to test whether SRs or CPGs have a certain level of priority before 
resources are invested for further testing. Priority-setting in the add-on role will identify those 
SRs or CPGs which have a certain priority to receive the management option. The add-on 
priority-setting assessment performs as a sentinel controlling the outflow after testing in the 
framework, where only those SRs and CPGs with enough priority receive the management 
actions associated with the selected management option. In other words, it is a priority-
check to test which SRs or CPGs have enough priority to spend the limited resources for the 
selected management option on.

A priority-setting assessment using an ordinal outcome does not limit the SRs or CPGs to a 
specific or prespecified amount continuing in the strategy. Instead, the assessment performs 
as a sentinel checking the perceived level of priority. Each SR or CPG demonstrating a 
certain level (e.g. ‘very high priority’) or degree of priority continues, while SRs and CPGs 
with a lower priority get deferred (see Figure 3). The priority-setting assessment using a 
ranked continuous outcome informs how SRs or CPGs are ranked based on their perceived 
priority. Using a cut-off, or a limit of capacity, the priority-setting assessment performs as a 
sentinel letting those top-ranked SRs or CPGs pass through. This limits the number of SRs 
or CPGs passing through to a specific amount. A ranked continuous priority-setting outcome 
using a cut-off will always let at least one SR or CPG continue, since the smallest cut-off lies 
between rank one and rank two. An ordinal priority-setting outcome may theoretically not let 
any SR or CPG continue when they all demonstrated a lower level of priority than the cut-off.

Four distinct theoretical performances of a priority-setting assessment in a maintenance 
strategy can be described based on the combination of the role and outcome level. Table 4 
summarizes the performances for each combination of role and outcome level in a two-by-
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two table.

3.5 Adding priority-setting assessments to a maintenance 
strategy

Additional file 1 provides a blank description table for priority-setting assessments in 
maintenance strategies (see Table A3). The role, outcome level, and cut-off can be defined 
in such table. The table furthermore allows to describe the downstream consequences of the 
priority-setting’s definitive outcome. The downstream consequences should describe what 
happens to the SR or CPG in the maintenance strategy when it had (not) enough priority. This 
could depend on the role of the priority-setting assessment has in the maintenance strategy. 
For illustrative purposes, a previously designed hypothetical ‘living’ example of an updating 
strategy was extended with two priority-setting assessments (see Table A4 and Figure A3 in 
Additional file 1).

Table 4 –Description of the theoretical performance of a priority-setting assessment in a maintenance 
strategy depending on its role and outcome level.

Triage Add-on

Ordinal 
outcome

Identifies a group of systematic reviews 
or clinical practice guidelines that has 
a higher level of priority to continue in 
the maintenance strategy compared to 
other group(s) of systematic reviews or 
clinical practice guidelines. Theoreti-
cally, none of the assessed systematic 
reviews or clinical practice guidelines 
may demonstrate the level of priority 
needed to continue in the maintenance 
strategy.

Identifies a group of systematic 
reviews or clinical practice guidelines 
that has a higher level of priority to 
continue and receive management 
action associated with the selected 
management option compared to 
other group(s) of systematic reviews or 
clinical practice guidelines. Theoreti-
cally, none of the assessed systematic 
reviews or clinical practice guidelines 
may demonstrate the level of priority 
needed to continue in the maintenance 
strategy.

Ranked 
continuous 

outcome

Identifies which individual systematic 
review or clinical practice guideline 
has a higher or lower degree of priority 
compared to other individual systematic 
reviews or clinical practice guidelines. 
When using a cut-off only a specific 
number of top-ranked systematic 
reviews or clinical practice guidelines 
continue in the maintenance strategy 
(at least one).

Identifies which individual systematic 
review or clinical practice guideline 
has a higher or lower degree of 
priority compared to other individual 
systematic reviews or clinical prac-
tice guidelines. When using a cut-off 
only a specific number of top-ranked 
systematic reviews or clinical practice 
guidelines will continue (at least one) 
and receive the management actions 
that are associated with the selected 
management option.
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4. Discussion 
 
4.1 The framework extension in context

In an ideal world all SRs and CPGs are immediately updates as soon as new data 
becomes available. However, the sheer number of available SRs and CPGs, the rate in 
which new data becomes available, and the necessary (human) resources combined makes 
it arguably impossible to keep up. Choices must be made, and priority-setting can aid when 
resources are limited. Rather than designing a priority-setting assessment, the extension of 
the framework describes how priority-setting assessments could perform in a maintenance 
strategy of an SR or CPG portfolio, depending on their role and outcome level. We have 
used the roles described in diagnostic test accuracy methodology13 for the extension of 
the framework. The outcome level and cut-off in priority-setting assessments determine 
how the sentinel characteristic performs when priority-setting assessments are added to a 
maintenance strategy. The framework supports the design of maintenance strategies under 
resource constraints. The organization’s intended purpose of priority-setting in a resource 
constrained maintenance strategy could then be aligned with a specific performance to 
select the right outcome level and role for their priority-setting assessment. 

The resource costs of the maintenance strategy and its management options are important 
to consider. For example, a living CPG recommendations strategy may be resource intensive 
for each recommendation in the portfolio as continuous monitoring and updating are costly. It is 
proposed to prioritize recommendations for assigning a living status based on three indicators.11 
Recommendations are thus tested for their priority before entering the living maintenance 
strategy. The implications of the outcome level of such priority-setting assessment becomes 
important as there may be limited resources to perform the continuous monitoring. An ordinal 
outcome could result in more living recommendations requiring continuous monitoring and 
updating then the organization has resources available. A continuous ranked outcome with 
a limit of capacity could result in a specific number of living recommendations entering the 
living strategy. Although this may align with the available resources for monitoring, it could 
result in underutilizing the available resources for updating. Making the monitoring process 
less resource intensive could result in more recommendations being able to receive the living 
status. This, in turn, could allow for a better utilization of available resources for performing 
updates. The monitoring process might be made less resource intensive in the future by 
using artificial intelligence for literature monitoring, screening and selections. When this 
results in more updates than available resources allow, a second ranked continuous priority-
setting assessment with a limit of capacity can be added to the strategy as an add-on.

In our literature review of priority indicators, we found 50 indicators which could be used 
in priority-setting assessments. During the literature review we encountered indicators in 
assessments concerning resource requirements in a broad sense.2, 3, 14, 24, 26, 27 For example, 
“Do the working groups responsible for this document have the resources available to write 
a full update of this document within the next year?”3 and “Is a review team available”.27 We 
did not classify these indicators as being priority indicators for the POMBYTT framework 
extension, although they may be considered as such by others. In essence, we believed 
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that limited resources itself is a reason to perform a priority-setting assessment rather than 
being informative for the level or degree of priority. An SR or CPG with no available author 
team could theoretically have the highest priority to receive management actions (e.g. 
performing an update). Such considerations may play a role in determining the priority-setting 
assessment’s definitive outcome. In the UpPriority tool, for example, a definitive decision is 
made for which items are prioritized as a subsequent step after the items are ranked on their 
priority score.1, 2 This decision is based on additional considerations besides these scores.1, 2

A previously published systematic review identified 76 priority indicators for updating.6 
There is only a small overlap of included studies between our literature review and that 
published systematic review. Differences in the search strategy and eligibility criteria could 
have caused a different inclusion of relevant studies. We also have excluded some studies27, 

28 which we perceived as being strategies assessing whether there is a need for updating 
rather than assessing priority. We considered the need for updating and the priority-setting 
to be distinct constructs. Furthermore, a second systematic review found 106 priority 
indicators to prioritize topics or questions for evidence syntheses9 and a third systematic 
review previously found 118 priority indicators.8 We excluded any priority indicator from our 
own literature review when it was not described in the context of SRs or CPGs, or when 
it was solely described for prioritizing new topics or questions. Nonetheless, the reported 
priority indicators in these systematic reviews could still be useful for priority-setting in a 
maintenance strategy. 

4.2 Considerations for priority indicators and 
interpreting assigned scores

Earlier frameworks of indicators have been published8, 9 and an international Delphi panel 
reached consensus on a set of indicators for a prioritization tool.2 However, different contexts 
such as variations in health care systems may require different priority indicators. For example, 
“impact on access to health care”2 as an indicator might not be useful for priority-setting in 
healthcare systems where the system enables high accessibility by default. Furthermore, 
distinct organizational needs and policies might require different priority indicators. For 
example, local or national policies may require patient or other stakeholder perspectives 
in prioritization. Thus, sets of priority indicators may not necessarily be interchangeable 
between organizations. Reaching consensus among the organization and its stakeholders 
about the set of priority indicators used within the organization or for a specific context might 
currently be a good option. 

It furthermore seems that priority indicators are regularly used in priority-setting 
assessments.7 At least two different perspectives might be taken when interpreting scores 
assigned to such priority indicators. The first perspective assumes that there is a ‘true’ 
underlying value of priority as a characteristic of the SR or CPG being evaluated. Participants 
assigning scores are assessors evaluating the level of priority based on the priority indicators. 
Thus the effect of priority on the indicator is measured.29 The assigned scores from individual 
participants in the priority-setting assessment then deviate from the ‘true’ value of priority 
as described in the classical test theory (i.e. observed indicator value = true value ± error29). 
The second perspective assumes that there is no underlying ‘true’ value of priority as a 
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characteristic of the SR or CPG. All participants in a priority-setting assessment may perceive 
the level of priority differently without being wrong or deviating from a ‘true’ value of priority 
as a measurable characteristic of the SR or CPG. The level or degree of priority of an SR or 
CPG is constructed from the assessors’ perceived priority. 

4.3 Priority-setting assessments in maintenance strategies

It is important to match the performance of a priority-setting assessment to the intended 
goal of priority-setting when designing a maintenance strategy. Different combinations of 
roles and outcome levels seem to result in different performances. A triage priority-setting 
assessment could be used when the goal is to limit SRs or CPGs entering the maintenance 
strategy by a specific number when using a ranked continuous outcome and a cut-off. 
However, if an organization wishes to only invest resources in SRs or CPGs with a certain 
level of priority regardless of the quantity, a triage priority-setting assessment with an ordinal 
outcome can be used. Priority-setting in the add-on role could be used when there are limited 
resources for the management actions associated with the selected management option 
by using a ranked continuous outcome with a limit of capacity. When only those SRs or 
CPGs with a certain level of priority should receive the management actions associated 
with the selected management option, an add-on priority-setting assessment with an ordinal 
outcome could be used. The ordinal outcome ensures that resources are spend on priority 
SRs or CPGs, however it does not limit the SRs or CPGs receiving the management actions 
associated with the selected management option to a specific number. The appropriate 
performance (and thus the appropriate role and outcome level) can probably more easily be 
selected when the purpose of the priority-setting in the maintenance strategy is made explicit 
when designing the strategy.

4.4 Limitations

The four described performances of priority-setting assessments are only theoretically in 
nature and were not tested in practice. Additional distinct performances may exist depending 
on other characteristics than the role and outcome level. Due to the theoretical nature of the 
description, priority-setting assessments might perform differently in practice than described 
or foreseen. Furthermore, we only selected literature in our review that reported a priority 
indicator for updating. The reported priority indicators were consequently described in an 
updating strategy context rather than a maintenance strategy context. It is unknown whether 
pathways leading to other management options should have the same or a different set of 
priority indicators when a priority-setting assessment is added. 

4.5 Future directions

Pilots using single or multiple priority-setting assessments with different roles and 
outcome levels should be performed and evaluated to provide some evidence about their 
performance in a maintenance strategy. Organizations have the flexibility to develop their 
own priority-setting assessments and incorporate them into their maintenance strategy using 
the POMBYTT framework. Additionally, organizations may also use published prioritization 
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tools, such as the UpPriority tool1, 2 in triage or add-on priority-setting assessments when 
they fit in with the purpose of priority-setting in the maintenance strategy. Published tools 
can be adapted to accommodate different sets of priority indicators or modified processes 
relevant to the needs of the organization and stakeholders. Experiences with one or multiple 
priority-setting assessments having different roles and outcome levels in a maintenance 
strategy and their feasibility should be shared. 

5. Conclusion

Priority-setting is necessary when limited resources prevent maintaining the entire portfolio 
of SRs or CPGs. The performance of a priority-setting assessments should be aligned 
with the goal of priority-setting in the maintenance strategy. This is even more important 
when the priority-setting process aims to optimize the utilization of the available resources. 
The described performances of a priority-setting assessment in the current POMBYTT 
framework extension provide guidance to the designers of a maintenance strategy regarding 
the appropriate role and outcome level for such assessments.
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Additional file 1
 
A1.1 Review methods

A formal literature review protocol was not prepared a priori and the literature review was 
not registered.

A1.1.1 Search strategy
Preliminary searches indicated that ‘prioritizing’ and ‘need for updating’ might be used 

interchangeably in the literature for what we considered to be separate constructs. The-
refore, we combined ‘prioritizing’ with ‘need for updating’ and constructed the following 
search string: ((need for updating) OR (prioritizing)) AND (methods) AND (systematic review 
OR guideline). On the 10th of October 2018 we searched MEDLINE (through PubMed) 
and on the 29th of April 2020 we updated the search. Furthermore, PubMed Health was 
searched and the results were limited by the ‘methods resources’ filter through the search 
engine’s interface. We could not update the PubMed Health search since the database 
was discontinued on 31 October 2018.1 Appendix A1.1.1.1 and A1.1.1.2 show the complete 
search strings. Handbooks identified in a previously published systematic review (SR) were 
obtained through their respective organization’s website when available.2 Reference lists 
from the included literature were hand searched for additional journal articles, reports, and 
handbooks

A1.1.1.1 PubMed search string
((need[tiab] OR needs[tiab] OR needed[tiab] OR signal[tiab] OR signals[tiab] OR require[-

tiab] OR requires[tiab] OR required[tiab] OR detect[tiab] OR when[tiab]) AND (update[tiab] 
OR updates[tiab] OR updating[tiab] OR updated[tiab] OR “out of date”[tiab])) OR (prioritize[-
tiab] OR prioritise[tiab] OR prioritization[tiab] OR prioritisation[tiab] OR priority[tiab] OR pri-
orities[tiab] OR prioritized[tiab] OR prioritised[tiab] OR prioritizing[tiab] OR prioritising[tiab]) 
AND (“Models, Theoretical”[Mesh] OR method[tiab] OR methods[tiab] OR methodology[tiab] 
OR methodologies[tiab] OR process[tiab] OR processes[tiab] OR surveillance[tiab] OR stra-
tegy[tiab] OR strategies[tiab] OR system[tiab] OR systems[tiab] OR approach[tiab] OR ap-
proaches[tiab] OR criteria[tiab] OR checklist[tiab] OR tool[tiab] OR content[tiab]) AND (“Re-
view literature as topic”[mesh] OR “meta-analysis as topic”[mesh] OR “Practice guidelines as 
topic”[mesh] OR “guidelines as topic”[mesh] OR “Time factors”[mesh])

A1.1.1.2 PubMed Health search string
FILTER: METHODS RESOURCES
((need[tiab] OR needs[tiab] OR needed[tiab] OR signal[tiab] OR signals[tiab] OR require[-

tiab] OR requires[tiab] OR required[tiab] OR detect[tiab] OR when[tiab]) AND (update[tiab] 
OR updates[tiab] OR updating[tiab] OR updated[tiab] OR “out of date”[tiab])) OR (prioritize[-
tiab] OR prioritise[tiab] OR prioritization[tiab] OR prioritisation[tiab] OR priority[tiab] OR pri-
orities[tiab] OR prioritized[tiab] OR prioritised[tiab] OR prioritizing[tiab] OR prioritising[tiab])
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A1.2 Eligibility and literature selection

We included a study, report, or handbook which described at least one indicator that infor-
med the prioritization of SRs or (sections of) clinical practice guidelines (CPGs) for updating. 
We excluded literature when a process was described that solely identified whether SRs 
or (sections of) CPGs were in need for updating without prioritization. Literature was also 
excluded when prioritization was described in other contexts than updating SRs or CPGs 
(e.g. research priorities or de novo topics only). We furthermore excluded literature when 
it was a conference abstract, oral or poster presentation, (updated) CPG or SR without ori-
ginal relevant data, or was a report on obvious non-relevant topics (e.g. intervention, diag-
nosis, prognosis, animals, plants, cost-effectiveness, health technology assessment). One 
author (MSO) removed all obvious non-relevant results yielded by the search strategy. If 
there was any doubt, the reference was advanced to the title and abstract screening phase. 
Two authors (MSO, RGE) performed the title and abstract screening and were blinded for 
each other’s decisions. We also advanced references to the full-text selection phase when in 
doubt or disagreement. The remaining full-text journal articles, reports, and handbooks were 
read full-text by two authors (MSO, RGE) who were blinded for each other’s selection. A third 
author (LH) was consulted to resolve any disagreements after discussion.

A1.3 Data extraction and data handling

Indicators informing about the priority for updating a SR or CPG and some general charac-
teristics were extracted by one author (MSO) using a standardized data-extraction form. 
We generalized indicators that included specific names, fields, or professions. For example, 
when the indicator was “Is performing this guideline feasible with current AAOS resour-
ces?”,3 it was generalized to “Is performing this guideline feasible with the organization’s cur-
rent resources?”. Indicators presented clustered, or in one sentence, were separated when 
we thought it was reasonable to assume that they could be independent of each other.

A1.4 Data analysis

We initially used NVivo for Windows (NVivo qualitative data analysis software; QSR In-
ternational Pty Ltd. Version 12) for qualitative analyses to identify some common domains 
among the extracted indicators. Indicators were assigned only one label during the quan-
titative analyses to prevent a duplicate representation under multiple domains. Qualitative 
coding was performed by one author (MSO) and the resulting emerging domains and their 
contents were discussed with another author (LH). Changes resulting from these discussi-
ons were realized without the use of NVivo. We furthermore placed any additional indicators 
resulting from the updated search strategy in the existing domains without a re-analysis in 
NVivo.
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Figure A1. Flow diagram of the study selection. Handbooks were identifi ed through a previously published systematic 
review by Vernooij et al.2

PubMed on 10 Oct. 2018
(n = 6303)

PubMed Health on 10 October
2018
(n = 143)
The methodology resources 
filter was used through PubMed 
Health’s search engine 
interface

Retrieved guideline 
development handbooks in 
January 2019
(n = 26)
One handbook was replaced by 
a newer handbook from a 
different organization on their 
website

Guideline development 
handbooks 
Identified by Vernooij et al.
(n = 35)

Unable to retrieve (n = 9)

Hits from PubMed
10 October (n = 112)
29 April (n = 29)

Hits from PubMed Health
(n = 143)

Excluded:
Double hits (n = 18)
Obvious non-
relevant hits (n = 
6163)

Hits from PubMed
(n = 55)

Hits from PubMed Health
(n =14)

Guideline development handbooks
(n = 26)

Excluded based on title and abstract:
PubMed (n = 86)
PubMed Health (n = 127)

Hits from PubMed
(n = 8)

Hits from PubMed Health
(n = 2)

Guideline development handbooks
(n = 3)

Excluded based on full text:
PubMed (n = 47)
PubMed Health (n = 12)
Guideline development handbooks (n = 23)

Total hits included
(n = 15)

Added from reference check
(n = 1)

Added from other sources
(n =1)

PubMed on 29 April 2020
Update (n = 652)

Excluded:
duplicate (n = 1)
Obvious non-
relevant hits (n = 
622)
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Re-run existing
search strategy

New literature identified?

Extract data, update
Summary of Findings,

update GRADE
assessments

Yes

Initiate a re-run of  
the existing search  
strategy every week

Perform expert panel
discussion and voting

Impact on the
recommentation?

Update

Yes
Did the certainty
become HIGH?

Yes

No

Update and retire
from living status

Do not update
No

No

PORTFOLIO 
/ START

Enough 
priority

Not enough 
priority

Enough 
priority (max. 5)

Not enough 
priority

Triage priority- 
setting 

(ordinal)

Add-on priority- 
setting 

(ranked cont.)

Figure A3 – Process flow diagram of the hypothetical ‘living’ example strategy with added priority-setting 
assessments (see Table A4) based on information found in Akl et al. 2017,3 El Mikati et al. 2022,16 and Bragge et al. 
202217 which we adapted for illustrative purposes. We have added a second priority-setting assessment (blue) at our 
own discretion for illustrative purposes.
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Abstract

We aimed to develop and test a tool based on the re-weighted range voting mechanism 
to prioritize items (i.e. key questions) in a priority-setting assessment for clinical practice 
guidelines. The secondary aim was to provide methodological context of the tool. We iteratively 
developed the tool and used qualitative methods (i.e. think-aloud and semi-structured 
interviews) to test the tool’s usability and make adjustments accordingly. An observational 
approach was used to test the tool’s outcome satisfaction in a real-world priority-setting 
assessment within a rare-disease guideline of a European Reference Network and under 
four different conditions in the tool. Four guideline methodologists tested the usability of the 
tool. The real-world testing was performed with a guideline panel consisting of a core working 
group, five expertise working groups, and a working group with patient representatives. 
Thirty-one panel members assigned scores in the priority-setting assessment. Seventeen 
panel members rated the priority-setting outcome, and sixteen panel members rated the 
outputs generated under the four conditions. Upon initial use, guideline methodologists found 
the tool to be quite overwhelming. However, with some initial effort they were able to easily 
identify the tool’s structure. Based on observations and feedback, the tool was further refined 
and user guidance was developed. Guideline panel members expressed (high) satisfaction 
with the priority-setting outcome. They particularly preferred the condition when using mean 
subgroup scores as input or employing aggressive penalties in the weighting method to 
determine the outputs. The tool generates a ranked list of items and offers flexibility for 
different choices in priority-setting assessments as long as its input format requirements 
are met. Although it is not a consensus method, the tool assists in narrowing down a set of 
priority items. Additional steps in the priority-setting assessment can lead to a consensus 
being reached regarding the final outcome.
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1. Introduction

Clinical practice guideline (CPG) developing organizations often cope with limited 
resources, which can result in a mismatch between the required work (e.g. updating) and the 
available capacity. Such limited resources may be a driver for the need to identify key items 
that require the allocation of resources above other items. Priority-setting assessments aim 
to help identifying such items (e.g. key questions, recommendations). By prioritizing these 
items, organizations can allocate their limited resources more effectively. Priority-setting is 
therefore a crucial process for CPG developing organizations who seek to optimize their 
resource utilization.

Multiple systematic reviews were conducted synthesizing priority-setting processes and 
indicators,1-3 including those related to the priority-setting of CPG topics,4 key questions in 
CPG development,5-7 CPG recommendations for uptake,8 and implementation.9 Although 
it was stated that there is a need to develop standardized and validated priority-setting 
tools5 and some methods have both been developed6, 10, 11 and tested,7, 12, 13 it is important to 
recognize that different CPG developing organizations may have unique needs and operate 
in different contexts. No single published priority-setting assessment might therefore be fully 
generalizable to other CPG developing organizations without adaptation. Instead, it may be 
beneficial to develop methodological knowledge for priority-setting assessments and offer 
multiple options within priority-setting assessments. From here, organizations may choose 
steps, processes and indicators,1-3 and tools or methods6, 7, 10-13 that best aligns with their 
purpose and context. That is, organizations may choose which steps (e.g. generation of topic 
list, collect data to inform discussions, use of prioritization criteria, ranking, refinement1) their 
assessment should contain, how these steps should be conducted (e.g. using stakeholder 
input or use existing CPGs to generate a topic list1), and which priority indicators (e.g. 
health burden1, 2 or burden of disease,3 practice variation3) are deemed relevant. Such 
an approach could facilitate more effective utilization of the limited resources for CPG 
development within organizations due to the priority assessments being self-tailored to their 
own context, including their available resources to conduct the priority-setting assessment. 
Tools and methods suggesting a set of priority indicators may be at risk of offering indicators 
irrelevant to the context of organizations. For example, using ‘new available evidence’ and 
‘consequences for costs’ as priority indicators may not necessarily seem to apply in dental 
care.7 Furthermore, imposed steps and processes may cost resources (in a broad sense) 
that organizations might not be willing to invest or ask from participants. For example, for 107 
questions rated by 30 participants on multiple indicators it took an average of 3.8 hours per 
participant13 and thus an average total of 114 hours. In perspective, this is almost 10 percent 
of a 40-hour workweek for an individual participant and a total almost equaling the weekly 
productivity of three full-time employees. Some organizations might feel such a process is 
too time-intensive or puts too much strain on the participants and may wish to use a less 
resource-intensive process (e.g. less priority indicators to score, providing only one overall 
score, or even use a method without priority indicators).

Priority-setting assessments have relied on Delphi methods,4, 5, 8 counting,14 or calculating 
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mean scores.6, 11, 13 However, some contexts may need other options for initially ranking or 
selecting items. For example, results may be distorted when discussions involve persuasive 
actors or the composition of the participants is imbalanced. In a multidisciplinary oncology 
CPG, for example, there may be more representatives from internal medicine and surgery 
in the CPG panel than compared to pathology. This could lead to outcomes favoring the 
interests of the largest groups. However, pathology is critical for diagnosing and staging 
the disease to initiate a systemic and/or surgical treatment.  New developments in this area 
may be important but not prioritized through counting or averaging due to imbalances in the 
representation. This could leave clinical guidance sub-optimal. Therefore, there is a need to 
explore additional options which could help less represented perspectives being considered 
in priority-setting assessments.

Re-weighted range voting uses a mechanism that adjusts the influence of participants for 
selecting the next item based on their scores on previously selected items.15 This mechanism 
has a proportional representation characteristic,15 but can be modified to enhance the 
representation of less dominant perspectives in the ranking. This could depend on which data 
is used and the specific modifications made to the mechanism. However, before such tool 
can be actually used, it first needs to be developed and tested in real-world scenarios. Our 
goals were to develop a tool based on the re-weighted range voting mechanism (including 
a modified mechanism), to evaluate its usability, and to evaluate its outcome satisfaction in 
a real-world priority-setting assessment. Additionally, we aimed to provide methodological 
context for the tool to help CPG developing organizations determine whether our tool is 
appropriate for their priority-setting purpose and contextual requirements.

2. Materials and methods
 
2.1 Ethics statement

Review by a Medical Research Ethics Committee in the Netherlands is not required when 
the study is not under the scope of the Dutch Medical Research involving Human Subjects 
Act,16 where  the current type of study does not meet the two conditions needed to fall under 
its scope.17 

2.2 Frame of reference

A theoretical frame of reference was developed to discern key components of priority-
setting assessments. Through a creative process, ideas pertaining to priority-setting 
assessments were integrated and adapted to generate abstract main components. The 
frame of reference will show the concept of sequential steps in a priority-setting assessment 
based on the generated main components and aimed to illustrate how we considered the role 
of our RE-weighted Priority-Setting (REPS) tool in priority-setting assessments to be. Such 
steps and their procedures may be dependent of the context and wishes of an organization. 
For example, an organization may choose to generate a topic list as an early step in their 



6

re-weighted range voting in guideline prioritization

305

priority-setting assessment by surveying experts. To establish the initial face validity of the 
frame of reference, several priority-setting assessments published in the literature were 
aligned with its components.
 
2.3 Development of the REPS-tool

2.3.1 Re-weighted range voting mechanism
Participants are instructed to assign scores from 0 (i.e. no priority) to the maximum scale 

score (i.e. highest possible priority; determined a priori). Participants also have the option 
to abstain from scoring an item, while negative scores are not allowed. The item with the 
highest total score is selected as the first winner.15 The individual weight of participants are 
then adjusted based on their scores assigned to previously selected winners, using Formula 
1:15, 18

(1)

The participant’s scores on the remaining items are multiplied by their respective 
individual weights and the new scores are summed for each item. The highest total score is 
subsequently identified as the next winner. We additionally used a second weighting method 
to achieve a more disproportionate representation by introducing a parameter (here denoted 
as A) as an exponent of the participant’s sum of scores on ranked winners (Formula 2).15 We 
will refer to this method as the decay-adjusted weighting method, and to the exponent as 
decay aggression (A):

(2)

2.3.2 Early usability testing
Think aloud sessions19 with semi-structured interviews were performed with CPG 

methodologists, who were invited in June-July 2020 and agreed to participate. The 
methodologists participated in individual video calls where they utilized a preliminary version 
of the REPS-tool. The methodologists were informed about the purpose, the session, the 
recording (including the anonymized transcription), and were provided with the opportunity 
to ask any questions (see Additional File 1 for the protocol). The methodologists were asked 
to share their screen and communicate their thoughts out loud while they were performing 
tasks in the REPS-tool during the session. One author (MSO) led the one-to-one sessions 
and recorded the video call for later analysis. The recorded videos were transcribed word-by-
word in Dutch and enriched with descriptions of the methodologists’ on-screen actions. One 
author (MSO) analyzed the transcriptions by hand and added qualitative labels to observed 
experiences in Dutch (labels were also translated to English whilst quotes remained in Dutch). 
The observations were thereafter organized in clusters based on the different phases in the 
think aloud sessions, forming the basis for subsequent interpretations.
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2.3.3 Real-world priority-setting
We used the REPS-tool in the priority-setting of key questions in the European Reference 

Network on Rare Congenital Malformations and Rare Intellectual Disability (ERN-ITHACA) 
rare-disease CPG concerning the Kleefstra syndrome (Fig 1). There were resources to 
newly develop 12 out of 45 key questions defined by the CPG panel. The panel consisted 
of a core group (including a CPG methodologist), five working groups (based on expertise), 
and a working group of patient representatives. Three priority indicators were selected by 
the core working group: 1) unwanted (international) clinical variance that may be improved 
with the guideline, 2) high prevalence of symptoms, and 3) high (disease) burden for either 
the Kleefstra population or for their relatives. Panel members were invited to an online 
survey and were asked to individually provide an overall priority score ranging from 0 to 
5 per key question based on the three indicators. The mean scores for each key question 
within each working group were entered into the REPS-tool. The regular re-weighted range 
voting (Formula 1) was used as the weighting method. Thereafter, the resulting top-18 
rankings were discussed by the CPG panel’s core group. This led to the selection of 12 key 
questions as the final outcome of the priority-setting assessment. 

The set of priority scores from the survey was also used to generate top-10 outputs of 
the REPS-tool, considering four different conditions in order to examine their impact on the 
outcome: 1) mean scores from the working group while using the regular re-weighted range 
voting, 2) individual participant scores while using the regular re-weighted range voting, 3) 
individual participant scores while using a low decay aggression, and 4) individual participant 
scores while using a high decay aggression. During an online meeting, the CPG panel 
members (excluding the core group) individually indicated their preferred top-10 outputs 
through a poll. CPG panel members were thereafter presented with the core group’s selection 
of 12 key questions and were asked to express their satisfaction level with this final outcome 
of the priority-setting assessment (ordinal poll with five response levels: very content, content, 
medium, not very content, and dissatisfied).

3. Results
 
3.1 Frame of reference

Three main components in priority-setting assessments were discerned (Fig 2): the 
process component, the function component (including its input and output), and the outcome 
component. The process component involves procedural steps followed in the priority-
setting assessment. The function component contains specific rules and/or calculations 
that determine the priority of items. It requires an input to perform its function, and results 
in an output. The outcome component represents the final outcome of the priority-setting 
assessment. It can directly correspond to the output of a function (Fig 2A), or additional 
process components are added to achieve a final outcome of the priority-setting assessment 
(Figs 2B and 2C). The initial face validity of the frame of reference was examined by aligning 
priority-setting assessments from the literature to its components (Additional File 2). 
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Fig 1. Flow of the priority-setting assessment pilot. The figure shows the process of the priority-setting assessment 
in the Kleefstra guideline (blue boxes and bold arrows). The assigned scores in the survey were also used to test four 
different conditions in the REPS-tool determining the outcome (grey box). Satisfaction of the four different outcomes 
of the REPS-tool (from the grey box) and the final outcome of the Kleestra priority-setting assessment (from the blue 
process) were assessed in an online meeting (green box).
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Fig 2. Priority-setting assessment components. The figure shows three main components of a priority-setting 
assessment: process, function, and outcome. In a basic form, a single process component leads to input for the 
function which produces an output as the final outcome of the priority-setting assessments (Fig 2A). Priority-setting 
assessments can be extended by incorporating additional process components tailored to the specific needs of an 
organization. For example, adding a process component to discuss the function’s output to determine the final priority-
setting outcome (Fig 2B and 2C). Alternatively, multiple process components can be introduced before the function 
component (e.g. to select participants and to identify relevant priority-indicators) leading to the function’s input (Fig 
2C).

3.2 Early usability testing

All four participating CPG methodologists who participated were female, with their ages 
ranging from 26 to 32 years old. Their overall working experience varied from 3 to 8 years, 
with 1 to 3 years specifically in CPG development. Among the methodologists, three held 
a PhD degree and one an MSc degree. Three of the methodologists had experience with 
priority-setting in some way, of which one of them had seen the preliminary tool previously 
before participating in the usability test. 

The first impression of the REPS-tool was that it was large and complex. The tool’s structure 
concerning the placement of scores and ranks was initially unclear. Participants became 
familiar with the structure after some experimenting, through performing the assignments, 
or some verbal instructions. Once the structure was clear, we observed that the participants 
placed the input data correctly in the tool and could get the output out of the tool. Participants 
generally thought the automated functions in the tool were convenient and wished for more 
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automation in other parts of the tool, for example, one participant was missing a feature that 
would check for valid scores. The manual ranking process was more inconvenient when 
there were a lot of items in the tool. This was mainly due the difficulty of searching for the 
identified winner in the worksheet and remembering which rank to assign to the winner. 
Furthermore, the participants preferred to have some background information on the tool’s 
mechanism and receiving guidance about how to use the decay aggression effectively. The 
qualitative analysis and all actions to improve based on this usability testing can be found in 
Additional File 3.

3.3 The REPS-tool function component

The REPS-tool can be found in Additional File 4, programmed as an Excel-file. It was 
designed as a function component in a priority-setting assessment (Fig 3). Its input format is 
a matrix containing priority scores per participant per item, where rows represent participants 
(or subgroups) and columns represent items. The tool can highlight input outside the allowed 
range to validate the input and is capable of processing 100 items for 100 participants. A 
(subsequent) winner is automatically identified to which a rank can be semi-automatically 
assigned. To tool also identifies when and how many items are tied for a rank. Heterogeneity 
analyses within the REPS-tool could be decisive for which of the items to assign the tied rank 
to. Either the regular re-weighted range voting (Formula 1) or the decay-adjusted method 
(Formula 2) can be selected in the tool. In the latter, the decay aggression (A) is controlled in 
the tool’s parameter section. The decay adjusted method places additional emphasis on the 
participant’s first few assigned scores to the ranked winners. Fig 4 shows the pattern of the 
decay-adjusted individual weight depending on the value of A. Items with an assigned rank 
are ordered in a list by their rank and this output can be collected from the REPS-tool. More 
background information and guidance about how to use the REPS-tool can be found in the 
quick-start guide (Additional File 5).

3.4 Real-word priority-setting

The priority-setting assessment in the Kleefstra syndrome CPG is displayed in an 
online supplementary file (A6 Fig 1 in Additional File 6), together with the assigned scores 
in an anonymized file (Additional File 7). Thirty-one panel members (including 10 patient 
representatives) assigned priority scores in the survey. The priority-setting assessment led 
to the final selection of 12 key questions by discussing the REPS-tool’s top-18 output (A6 Fig 
2 in Additional File 6). Discussion resulted in merging four questions with other questions in 
the top-18 due to being similar topics. Three questions, ranked 13th, 15th, and 17th in the top-18 
output, were not selected. One question, initially not ranked in the top-18, was added through 
discussion. All 17 panel members, thus excluding the core group, voted in the poll regarding 
the priority-setting outcome. Eight members were ‘very content’ and nine were ‘content’ with 
the final priority-setting outcome as selected by the core group.

Four top-10 outputs were generated under different conditions (A6 Fig 3 in Additional File 6). 
Six of the same key questions remined in the tool’s output regardless of the condition, albeit 
different ranks were assigned to these questions in each respective condition. Seventeen 
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panel members besides the core group participated in the online meeting where both the 
four top-10 outputs and the priority-setting outcome were evaluated. Sixteen panel members 
indicated which of the four top-10 outputs they preferred. Six panel members preferred the 
output generated from using scores of individual participants with a more aggressive decay 
(Option 4 from A6 Fig 3 in Additional File 6). Five panel members preferred the output obtained 
from the mean scores of sub-groups with regular re-weighted range voting (Option 1 from 
A6 Fig 3 in Additional File 6). Three panel members preferred the top-10 resulting from using 
the scores of individual participants with regular re-weighted range voting (Option 2 from A6 
Fig 3 in Additional File 6). Using the scores of individual participants and a mild decay was 
preferred by 2 panel members (Option 3 from A6 Fig 3 in Additional File 6). The two most 
preferred options are compared in an online supplementary file (A6 Fig 4 in Additional File 6). 

4. Discussion

We developed a tool based on the re-weighted range voting mechanism which serves as a 
function component for CPG priority-setting assessments. While this function does not aim to 
achieve consensus, it can help narrowing down to a set of priority items by providing a ranked 
output. Additional process components within the priority-setting assessment can contribute 

Fig 3. The REPS-tool as a function component. The figure shows the REPS-tool as a function component. The 
input section shows the input format for the tool. The function repetitively identifies the (new) highest total score as 
a winner and assigns subsequent ranks to winning items. Individual weights are adjusted after assigning a rank to a 
winning item. Scores are thereafter recalculated based on the individual weight. The tool has two weighting options: 
regular re-weighted range voting and decay-adjusted re-weighted range voting. New item sum scores are calculated 
and the highest total score is identified as the next winner. The tool’s output is a list of ranked items.
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to achieving consensus (e.g. discussing the tool’s output with the panel to determine a final 
outcome). The tool underwent user testing during its development phase. Based on the 
findings from testing and interviews, adjustments were made to increase the usability and 
a quick-start guide was developed. Thereafter, a real-world priority-setting assessment was 
performed to prioritize CPG questions using the REPS-tool as a function component. GPG 
panel members were (very) content with the final selection of 12 key questions resulting 
from the priority-setting assessment. Parallel to the real-world priority-setting assessment, 
we had the opportunity to examine various input formats and weighting methods to assess 
four hypothetical top-10 outputs generated by the REPS-tool. Interestingly, among the 
sixteen voting panel members only three preferred the use of individual scores with regular 
re-weighted range voting, which provided proportional representation. The most favored 
options were using mean sub-group scores as input with the regular re-weighted range 
voting weighting method, or using the individual scores with an aggressive decay (i.e. A=4). 
These preferences warrant further examination and theoretical analysis of these conditions.

Using the mean scores of subgroups with regular re-weighted range voting, the proportional 
representation can be achieved at the subgroup level. This approach determines the ranked 
winners based on the priority assigned by subgroups, regardless of their size. This may 
be why panel members in the Kleefstra CPG identified this method as one of the two 
preferred options. However, it is not always feasible to predefine or differentiate subgroups. 
In such cases, obtaining mean scores per subgroup becomes impractical and individual 

Fig 4. A graph showing the decay patterns of the individual weight. The decay-adjusted weighting method 
controls the decay pattern of the individual weights. Any number provided for A (i.e. decay aggression) larger than 1 
results in a more aggressive initial decay of the individual weight when compared to the regular re-weighted range 
voting method (A=1). Using A=0.5 will ease the decay of the individual weights in comparison to the regular re-
weighted range voting method. Weights in the graph were calculated using constant of 0.5 and a maximum scale 
score of 10.
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scores are used as input instead. As an alternative option, an aggressive decay can be 
applied to quickly decrease the individual weights of participants. Those participants who 
had assigned (high) scores to the first few winners have their influence quickly reduced for 
identifying the subsequent winners. This could leave some room for smaller subgroups or 
individuals with high individual weights to have their priority items receive a higher ranking. 
However, there is a risk that a large group of participants with moderate or low individual 
weights might still outweigh a small group with high individual weights. Thus, theoretically, 
a more aggressive decay is needed to significantly reduce the influence of the participants 
initially ‘having their way’ with the first few winners and accommodate for smaller subgroups 
and individuals. This might clarify why an aggressive decay adjusted weighting method 
was the second of the two preferred options in the Kleefstra CPG priority-setting. It is 
therefore important to think about how the group of participants is composed and whether 
potential subgroup formation or unbalanced representation is considered (un)desirable. 
Subgroup formation or unbalanced representation might be desirable in some situations. 
For example, when the priority-setting assessment takes place in a more mono-disciplinary 
setting. A larger number of persons from one or a few selected disciplines will probably 
participate, because they will be affected most by the recommendations. One can argue 
that they then would need to have the most influence in the priority-setting assessment 
too. Theoretically, the regular re-weighted range voting mechanism could be used when 
subgroup formation or unbalanced representation is not considered problematic because of 
the mechanism’s proportional representation characteristic. However, subgroup formation 
or unbalanced representation might be undesirable in other situations. For example, when 
situations arise where the number of representatives within a subgroup might undesirably 
distort the outcome of the priority-setting assessment, leaving the important perspectives 
of small subgroups unexposed in the outcome. One could argue that smaller groups have 
important perspectives on priority too, but these are potentially underexposed due to a low 
number of representatives participating in the priority-setting assessment. For example, the 
patient representation during a priority-setting assessment for clinical practice guidelines 
can be smaller than the representation of clinicians, but they do have important perspectives 
on where their priorities lie. Such situations could also arise from practical limitations, as 
some disciplines may struggle to deliver representatives for all of the ongoing guideline 
developments and updates, let alone enough representatives to provide some counterweight 
in priority-setting assessments against large, well-represented disciplines. It seems that the 
decay-adjusted weighting method could be used to enhance less represented perspectives, 
although it remains challenging to determine which exact decay aggression should be used. 

The REPS-tool uses a single priority score per participant per item. However, priority-
setting assessments or tools described in literature seem to use multiple indicators.6, 7, 11, 13, 14 
When desirable, multiple scores could be averaged to comply to the input format requirement 
for the REPS-tool. A single overall score, however, might be sufficient for priority-setting 
in general,6, 7 although scores on individual indicators may help to resolve ties.6 This could 
also be helpful for resolving ties in the REPS-tool. Furthermore, some basic heterogeneity 
analyses are available in the REPS-tool that can also assist in making such decisions. Another 
helpful tool for CPG question priority-setting is the UpPriority Tool, which contains six priority 
indicators.11, 13 It furthermore contains guidance for applying the tool, rating the indicators, 
calculating scores, ranking scores, the priority decision, and reporting the outcome.11 The 
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REPS-tool does not contain any priority indicators or process components. Instead, users 
need to select their own process components (including the priority indicators if desirable) 
for their priority-setting assessment. This feature can be important in order to create or adapt 
assessments to the context of the priority-setting assessment when utilizing the REPS-tool.

Organizations performing priority-setting assessments may have different needs and 
operate within different contexts. Priority-setting assessments for CPGs in the context 
of venous thromboembolism6 and COVID-19 dental care7 showed differences in which 
indicators were significant predictors although using identical priority indicators. This 
could suggest that priority indicators might be dependent on the context,7 for example, the 
healthcare system an organization operates in. Using ‘the impact on the access to care’ as 
a priority indicator11, 13, 20 may be less discriminating for organizations operating in socialistic 
healthcare systems, which allow a high degree of access by default. Also, the aim of priority-
setting can be different. Existing CPG recommendations or sections can be prioritized for 
uptake in other CPGs,8 for implementation9 or for updating.12 All of such aims might require 
a different set of relevant priority indicators. Interestingly, literature shows that authors do 
select priority indicators based on the context, for example, of their national clinical practice.14 
Our frame of reference may aid in how priority-setting assessments are structured, while 
the steps, phases, and priority indicators described in literature1 could guide decisions for 
process components regarding the organization’s needs and context within this structure. 
If an organization would consider implementing the REPS-tool, it would need to recognize 
that the tool is solely a function component (see Figure 3) in a priority-setting assessment 
(see Figure 2) and not a priority-setting assessment in itself. Organizations may self-tailor 
their priority-setting assessment as long as the process components in the priority-setting 
assessment lead to input that complies to the REPS-tool’s input format and when the 
organization desires a ranked list of items as output. Adaptations to the weighting methods 
can be made as all formulas and scripts are accessible and editable in the Excel-file when 
the current methods are not desired.

The theoretical nature of the REPS-tool as a function component is one of the limitations of 
the current study. Although we performed usability tests and piloted the tool in a real priority-
setting assessment, there is still a need for a stronger evidence base regarding its usability. 
This includes determining which input format, weighting method, and decay aggression to use 
based on different contexts. We encourage others to use, test, compare, or adapt the REPS-
tool and share their experiences. This collaborative effort will contribute to expanding the 
evidence base and help determine if the REPS-tool should be used in different contexts. We 
furthermore refined the tool based on the qualitative findings of the think aloud usability tests 
and semi-structured interviews. We did not perform a final check with the methodologists 
whether the adjustments addressed their usability matters and assumed the refinements 
were appropriate. Future plans involve a comprehensive evaluation of the tool’s usability, 
applicability, and viability in real-world assessments. However, at face value, most matters 
may seem to be addressable by providing background information about the tool (which the 
methodologists deliberately did not receive for the usability testing at the time) and by further 
automating the tool. 

Future development of the REPS-tool could include development of the tool in software 
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or apps linked to CPG databases for priority-setting in an online portal, including options to 
select different priority indicators and to elicit priority scores from stakeholders. Our pilot test 
focused on the satisfaction with the final outcome of a priority-setting assessment using the 
REPS-tool and four different outputs. Thorough evaluations of priority-setting assessment 
using the REPS-tool could be performed according to a pre-defined framework in the future 
21. Furthermore, an adapted version of the REPS-tool (not published) is currently being tested 
in-house at the Knowledge Institute of the Dutch Association of Medical Specialists with 
their stakeholders to assign priorities of CPG sections for updating as part of a continuous 
maintenance strategy. The use of the REPS-tool is also being considered in a second ERN-
ITHACA CPG to select key questions for development after being well-received by the 
Kleefstra CPG panel. Furthermore, the tool could also be tested used outside the context of 
CPG development to prioritize any other item (e.g. knowledge gaps, patient reported outcome 
measures, systematic review questions, etc.). Hopefully, experiences with the REPS-tool 
and evaluations of priority-setting assessments using the tool will be shared.

5. Conclusions

The REPS-tool has the theoretical capability to rank various items, such as key questions, 
recommendations, and CPG topics to support priority-setting during the development or 
updating of CPGs. It could also have applications for priority-setting outside the field of 
CPGs, such as research questions, patient reported outcome measures, knowledge gaps, 
and more. As a function component in priority-setting assessments, it allows for a wide range 
of choices within the priority-setting assessment as long as its input format requirement 
is met (i.e. a single score per item per participant). For example, different sets of priority 
indicators can be selected based on the specific context of the priority-setting assessment. 
While the REPS-tool assists in the ranking of items during a priority-setting assessment, it 
should be noted that it is not a consensus method in itself. When using the REPS-tool, it is 
important to consider the composition of the participants in the priority-setting assessment 
and determine whether there are (potential) imbalances and whether they are desirable or 
not. These considerations may affect decisions regarding the score input (e.g. individual or 
mean subgroup scores) and the choice of weighting method (i.e. regular or decay-adjusted). 
However, more empirical evidence may be needed to support these choices. The REPS-tool 
helps narrowing down a set of items, while additional steps in the priority-setting assessment 
may be used to obtain consensus for a final outcome. It’s worth noting that in the first real-
world evaluation of priority-setting using the REPS-tool in CPG development, the panel 
members were (very) satisfied with the final outcome of the priority-setting assessment.
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Supporting information

Additional File 1. Measurement protocol of the think aloud sessions and semi-struc-
tured interviews. This file shows the protocol for the tasks followed during the think aloud 
sessions and the questions asked during the semi-structured interviews.

Additional File 2. Published priority-setting assessments mapped over our frame of 
reference. This file shows priority-setting assessments mapped to process, function, and 
outcome components as described by our frame of reference.

Additional File 3. Qualitative analysis of the usability testing including the resulting 
action for improvement. This file shows quotes (Dutch) from the transcribed think aloud 
sessions and semi-structured interviews enriched with text describing the performed acti-
ons on-screen (in brackets). Quotes qualitatively received labels/observations (Dutch with 
English translation) and were clustered under a generalized interpretation of these labels/
observations. Finally, actions for improving the tool’s usability were added for improvement 
of the tool.

Additional File 4. The REPS-tool programmed in Microsoft Excel. This file is the 
complete REPS-tool as a function, where input data can be entered in the function and the 
semi-automatic ranking within the tool results in output. Please refer to the quick-start guide 
for information about how to use the REPS-tool in Microsoft Excel.

Additional File 5. RE-Weighted Priority-Setting: A quick-start guide to the REPS-
tool. This file is a guide to understand and use the REPS-tool in Microsoft Excel.

Additional File 6. The priority-setting assessment and its outcomes in the Kleefstra 
guideline pilot. This file contains figures depicting the priority-setting assessment in the 
Kleefstra guideline pilot mapped to our frame of reference and its final outcome. Furthermo-
re, the output generated by the REPS-tool under four conditions are shown and compared.

Additional File 7. The scores of all individuals participating in the Kleefstra priori-
ty-setting assessment. The anonymized file displays all scores the individual participants 
assigned to key questions in the priority-setting assessment of the Kleefstra guideline. This 
file is a real-world example that complies to the REPS-tool input format. The participants 
and their scores can be copy-pasted into the REPS-tool.
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Additional File 1
Measurement protocol for the think aloud session and semi-
structured interview

1. PREPARATIONS 
Email the participant the following documents prior to the session
•	 PRIORITIZATIONTOOL_EMPTY.XLSX
•	 SCENARIO_1.XLSX
•	 SCENARIO_2.XLSX
•	 FOCUS POINTS.DOCX
•	 AI_IMAGE3_MOERB.JPG

2. ASK FOR CHARACTERISICS
•	 Sex (m/f)
•	 Age (years)
•	 Overall working experience (years)
•	 Working experience in guideline development (years)
•	 Education (Msc./PhD)
•	 Experience with priority-setting (y/n)
•	 Have you seen the current priority-setting tool somewhere before this session? (y/n)

3. INSTRUCTIONS (up to 5 minutes)
[MAIL: FOCUS POINTS.DOCX]

This is a ‘think aloud’-session. Here, the purpose is to verbalize your thoughts while 
performing a task. The goal of the session is to research the usability and completeness of 
the priority-setting tool for future users. The tool is developed to allow for a ranked priority-
setting. Outdated guideline modules are eligible for prioritization. 

The session will consist of a warming-up based on a picture, a first introduction to the tool, 
the use of the tool in two scenarios, and finally a short semi-structured interview. During the 
two scenarios you will be receiving some specific tasks, however, don’t wait for these tasks 
to start verbalizing your thoughts.

Later on, I would like to ask you to share your screen so I can see how the priority-setting tool 
is being used. The session is being recorded to produce a transcription. The transcription will 
be qualitatively analyzed and all data will be anonymized in the data-analysis and research 
report. You can turn off your camera if you don’t want any video recordings of your persona 
being made.

There are some specific focus points in this think aloud session where I would like to ask 
some of your attention:
•	 Stay focused on your task.
•	 Try to verbalize your thoughts instead of describing your actual actions.
•	 You do not have to explain or substantiate your thoughts but keep verbalizing your 
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thoughts.
•	 Ask any question out loud but the session leader will not answer any question.

Do you have any questions?

You are allowed to revisit these focus points during the session. Refer to the mail I had sent 
you (focus points.docx).

Are you ready to continue to the warming-up? I will then start the recording.

4. WARM-UP SESSION (up to 5 minutes)
[TURN ON RECORDING]
[SHARE SCREEN]

I will show you an image. Think of the focus points we just have discussed. Do you want me 
to repeat them before you start?

[SHOW IMAGE AI_IMAGE3_MOERB.JPG]
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Analyze the image and use the think aloud-method to verbalize your thoughts.

[STOP SCREEN SHARE]

Note: The image was created using an artificial intelligence at Artbreeder.com under the 
creative commons CC0 license.

The image is available through the following link: https://www.artbreeder.com/
i?k=2c1196ef89bc996dfef0

5. FAMILIARIZATION WITH THE TOOL (up to 5 minutes)
[MAIL: PRIORITYZATIONTOOL_EMPTY.XLSX]

Would you start to share your screen from this moment on?

[PARTICIPANT SHARES SCREEN]

Open the tool in Excel. The formulas underneath the spreadsheets are locked. Thus, you 
cannot break the tool.
1.	 Look at the tool and browse the tabs. Verbalize your thoughts.
2.	 Participants score from 0 to 10. Here, 0 = no priority, 1 = the lowest possible priority, 

and 10 = the highest possible priority. Randomly fill out some scores in the designated 
cells and see what the tool does.

6. SCENARIO TESTS (up to 30 minutes)
[MAIL: SCENARIO_1.XLSX]
[CHECK: MAX SCORE = 10, WEIGHT = 0.5, PENALTY METHOD = 0]
[CHECK: NO VALUES IN CELLS CONCERNING RANKING, SCORE, OR 
ORGANIZATION]

Scenario 1:
Open the Excel-file ‘Scenario_1.xlsx’. This is a file that contains priority scores assigned by 
participants.
1.	 Try to get the item names (see tab ‘modules list’) and scores from the scenario Excel-

file into the priority-setting tool.
2.	 Try to rank the scored items by inserting their rank, as a number, above the winner.
3.	 Try some analyses concerning the central tendency and dispersion measures to 

discover some modules with a high variance in their scores.
4.	 See if you can get the ranked list with items from the tool into a Word-file for a 

hypothetical feedback moment with the working group.

Note: Scenario 1 is a straightforward scenario with a tied ranking once (multiple winners). 
Scores were randomly assigned in Excel using the =RANDBETWEEN(0;10) function. 
Only two item scores were manually adjusted to set up a tied ranking for position two.
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Scenario 2:
Open the Excel-file ‘SCENARIO_2.XLSX’. Participants voted along the interests of their 
association in this scenario. That is, modules of their ‘own’ association were assigned high 
priority scores and other modules were assigned no score or a low priority score. We can 
apply weights by activating a penalty method. The weight is adjustable in one of the penalty 
methods.
1.	 Try to get the item names (see tab ‘modules list’) and scores in the Excel-file into the 

priority-setting tool.
2.	 Try to rank the scored items in the priority-setting tool to create a top-15 by inserting 

their rank, as a number, above the winner.
3.	 See if you can get the ranked list with items from the tool into a Word-file for a 

hypothetical feedback moment with the working group.
4.	 Fill out the number of voters per association in the priority-setting tool. See the tabs 

‘Voters’ in the priority-setting tool and the tab ‘Participation’ in SCENARIO_2.XLSX.
5.	 Clear your top-15 ranking in the row where you just had inserted the ranks. Choose a 

penalty method in the priority-setting tool and create a new top 15.
•	 [If the participant chooses method ‘2’: insert ‘4’ in the cell concerning aggression]

6.	 See if you can get the ranked list with items from the tool into a Word-file for a 
hypothetical feedback moment with the working group.

You can stop sharing your screen with me.
[STOP SHARE PARTICIPANT’S SCREEN]

Note: Scenario 2 is a scenario where associations had different numbers of 
representatives to vote, and those delegates specifically voted along the interest of 
their ‘own’ association. Scores were manipulated to achieve this situation. For items 
of their own association the Excel-function =RANDBETWEEN(8;10) was used while 
=RANDBETWEEN(0;4) was used for all other modules. Some participating associations 
did not have ‘own’ items, the scores of their representatives were randomly assigned 
using =RANDBETWEEN(0;4).

7. SEMI-STRUCTURED INTERVIEW (up to 15 minutes)
We will now continue with a semi-structured interview. There are 10 questions where you 
can provide your opinion about the tool.

•	 What did you think of the ranked outcome in scenario 2 where delegates voted along 
the interests of their association?

•	 What do you think of the current features in the priority-setting tool?
•	 Which features do you miss when you want to use the priority-setting tool in a priority-

setting meeting with a working group?
•	 What do you think of the overview and structure of the priority-setting tool?
•	 How could the overview and structure of the tool be further improved?
•	 What do you think of the ease of use of the priority-setting tool?
•	 In what areas can the ease of use be improved?
•	 What should you further know or be able to do before you can use this tool in a priority-

setting meeting with a working group?
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•	 What should a working group know or be able to do before this tool can be used in a 
priority-setting meeting with a working group?

•	 Do you have any thoughts about the priority-setting tool which have not been 
addressed until now?

8. CLOSURE
I will now stop the recording
[STOP RECORDING]

The session has ended. We will analyze your input and with that we hope to improve the 
priority-setting tool. Thank you very much for your participation!
[CLOSE VIDEO CONFERENCE CALL]

NB1: Two penalty methods were present in this preliminary version of the tool. In later 
versions we removed one of the methods, which also expired the need for using the tab 
‘voters’ in the tool.
NB2: The remaining penalty-adjusted weighting method and penalty aggression 
parameter were later renamed to decay-adjusted weighting method and decay aggression, 
respectively.
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r d

e 
w

in
na

ar
 h

ad
 ik

 n
og

 
ev

en
 n

ie
t g

es
po

t. 
M

aa
r o

p 
zi

ch
, d

at
 g

ro
en

e 
vl

ak
 v

al
t h

ee
l g

oe
d 

op
 

w
aa

rd
oo

r j
e 

he
el

 s
ne

l d
e 

ra
nk

in
g 

ka
n 

to
ep

as
se

n.
 D

at
 w

er
kt

 w
el

 h
ee

l 
pr

et
tig

, j
a.

A
ut

om
at

is
er

in
g 

in
 d

e 
to

ol
 w

or
dt

 o
p 

pr
ijs

 
ge

st
el

d
[A

ut
om

at
io

n 
in

 th
e 

to
ol

 
is

 b
ei

ng
 a

pp
re

ci
at

ed
]

A
ut

om
at

io
n 

w
ith

in
 

th
e 

to
ol

 is
 b

ei
ng

 
ap

pr
ec

ia
te

d

-
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re-weighted range voting in guideline prioritization

365

1
D

ie
 ra

nk
in

g,
 ja

 d
ie

 w
or

dt
 o

ok
 a

ut
om

at
is

ch
 b

er
ek

en
d 

al
s 

je
 d

ie
 s

co
re

 
he

bt
 in

ge
vu

ld
, d

us
 d

at
 w

er
k 

he
el

 p
re

tti
g.

A
ut

om
at

is
er

in
g 

va
n 

de
te

ct
ie

 w
in

na
ar

 w
or

dt
 

op
 p

rij
s 

ge
st

el
d

[a
ut

om
at

ic
 d

et
ec

tio
n 

of
 th

e 
w

in
ne

r i
s 

be
in

g 
va

lu
ed

]

4
E

n 
ik

 v
on

d 
he

t o
p 

zi
ch

 w
el

 g
oe

d 
da

t j
e 

da
n,

 k
ijk

 n
or

m
aa

l h
eb

 je
 n

at
uu

r-
lij

k 
no

g 
in

st
ru

ct
ie

 b
ij 

ho
e 

zo
’n

 to
ol

 w
er

kt
, m

aa
r d

at
 je

 d
an

 d
ie

 w
in

ne
r, 

da
t j

e 
da

n 
zo

 d
ie

, d
ie

 e
h,

 ra
nk

in
g 

ze
lf 

in
 k

an
 v

ul
le

n,
 m

aa
r d

at
 je

 d
aa

r 
ze

lf 
ve

rd
er

 n
ik

s 
vo

or
 h

oe
ft 

te
 b

er
ek

en
en

, d
at

 ‘i
e 

da
t d

an
 a

ut
om

at
is

ch
 

vo
lg

t. 
Ja

…

A
ut

om
at

is
ch

e 
id

en
tifi

-
ca

tie
 v

an
 d

e 
w

in
na

ar
 

is
 h

an
di

g
[A

ut
om

at
ic

 id
en

tifi
ca

-
tio

n 
of

 th
e 

w
in

ne
r i

s 
he

lp
fu

l]

1
Ja

 h
et

 w
er

kt
 w

el
 h

ee
l p

re
tti

g.
 J

a.
 H

et
 z

ou
 m

oo
i z

ijn
 a

ls
 je

 s
ch

er
m

, a
ls

 je
 

di
t a

an
 h

et
 in

vu
lle

n 
be

nt
, w

an
t z

ek
er

 a
ls

 e
r s

tra
ks

 1
00

 z
ijn

 b
en

 je
 b

es
t 

w
el

 a
an

 h
et

 s
cr

ol
le

n,
 d

at
 ‘i

e 
au

to
m

at
is

ch
 n

aa
r h

et
 s

tu
kj

e 
ga

at
 w

aa
r d

an
 

w
in

na
ar

 s
ta

at
. D

at
.. 

D
at

 m
aa

kt
 ‘m

 n
og

 m
ak

ke
lij

ke
r o

m
 te

 g
eb

ru
ik

en
, 

m
aa

r i
k 

w
ee

t n
ie

t o
f d

at
 m

og
el

ijk
 is

 in
 E

xc
el

. D
at

 s
oo

rt 
di

ng
en

.

W
en

s 
om

 d
e 

ra
nk

in
g 

te
 a

ut
om

at
is

er
en

, 
an

de
rs

 v
ee

l s
cr

ol
le

n
[W

is
h 

to
 a

ut
om

at
e 

th
e 

ra
nk

in
g 

m
et

ho
d,

 
ot

he
rw

is
e 

it 
is

 a
 lo

t o
f 

sc
ro

lli
ng

]

Th
er

e 
se

em
s 

to
 b

e 
a 

w
is

h 
to

 a
ut

om
at

e 
th

e 
ra

nk
in

g 
m

et
ho

d 
in

 o
rd

er
 to

 a
vo

id
 

ac
ro

lli
ng

 th
ro

ug
h 

th
e 

w
or

ks
he

et
]

W
e 

w
ill

 a
ut

om
at

e 
th

e 
ra

nk
in

g 
pr

oc
es

s 
in

 th
e 

ne
xt

 it
er

at
io

n 
of

 
th

e 
to

ol
.

2
D

at
 h

an
dm

at
ig

 d
e 

ra
nk

in
g 

in
vu

lle
n,

 d
at

 z
ou

 ik
 a

ut
om

at
is

ch
 d

oo
r E

xc
el

, 
ze

g 
m

aa
r, 

la
te

n 
do

en
. D

at
 je

 d
at

 n
aa

r j
e 

ta
bb

la
d 

la
at

, e
h…

 in
vu

lle
n 

ze
g 

m
aa

r. 
D

at
 li

jk
t m

ij 
ei

ge
nl

ijk
 w

el
 m

ak
ke

lij
k,

 w
an

t d
at

 z
it 

je
 n

ie
t d

e 
he

le
 ti

jd
 

te
 tu

tte
n,

 e
n 

da
n 

ka
n 

je
 n

ie
t e

en
 fo

ut
 m

ak
en

 d
at

 je
 n

et
 e

en
 g

et
al

 m
is

t, 
of

zo
.

W
en

s 
om

 ra
nk

in
g 

te
 

au
to

m
at

is
er

en
[W

is
h 

to
 a

ut
om

at
e 

th
e 

ra
nk

in
g 

m
et

ho
d]

2
Ja

, m
aa

r d
an

 z
ou

 je
 w

el
, e

h.
. e

en
 fi

lte
r e

r i
n 

ku
nn

en
 z

et
te

n 
en

 g
ew

oo
n 

aa
nk

lik
ke

n:
 s

or
te

er
 v

an
 h

oo
g 

na
ar

 la
ag

, b
ijv

oo
rb

ee
ld

. E
n 

da
n 

do
et

 ‘i
e 

he
t a

ut
om

at
is

ch
, d

en
k 

ik
, v

oo
r j

e 
da

t j
e 

da
n.

. e
hm

, j
e 

ho
og

st
 s

co
re

nd
e 

m
od

ul
e 

bo
ve

na
an

 k
rij

gt
.

W
en

s 
om

 ra
nk

in
g 

te
 

au
to

m
at

is
er

en
[W

is
h 

to
 a

ut
om

at
e 

th
e 

ra
nk

in
g 

m
et

ho
d]

3
Ja

, d
at

 z
ou

 m
is

sc
hi

en
 o

ok
 e

en
 g

oe
de

 to
ev

oe
gi

ng
 z

ijn
. D

an
 m

oe
t j

e 
du

s 
w

el
 g

oe
d 

ku
nn

en
 a

an
ge

ve
n 

to
t w

aa
r j

e 
w

ilt
 ra

nk
en

. E
h,

 ja
…

 te
ge

lij
ke

r-
tij

d 
ho

ud
 je

 m
is

sc
hi

en
 ie

ts
 m

ee
r f

ee
lin

g 
er

 m
ee

 a
ls

 je
 h

et
 h

an
dm

at
ig

 
do

et
? 

Ja
, i

k 
w

ee
t n

ie
t o

f d
at

 h
ee

l v
ee

l z
ou

 to
ev

oe
ge

n 
ei

ge
nl

ijk
. J

e 
zi

et
 

na
tu

ur
lij

k 
oo

k 
de

 v
ol

go
rd

e 
va

nz
el

f.

Tw
ijf

el
 o

f a
ut

om
at

is
ch

 
ra

nk
en

 z
or

g 
vo

or
 

ve
rli

es
 v

an
 g

ev
oe

l 
vo

or
 d

at
a

[D
ou

bt
 w

he
th

er
 a

ut
o-

m
at

ed
 ra

nk
in

g 
re

su
kt

s 
is

 lo
ss

 o
f f

el
lin

g 
w

ith
 

th
e 

da
ta

]

Th
er

e 
m

ig
ht

 b
e 

so
m

e 
w

or
rie

s 
th

at
 

au
to

m
at

ed
 ra

nk
in

g 
m

ay
 c

au
se

 a
 lo

ss
 o

f 
fe

el
in

g 
w

ith
 th

e 
da

ta

W
e 

w
ill

 a
ut

om
at

e 
th

e 
ra

nk
in

g 
pr

oc
es

s 
in

 th
e 

ne
xt

 it
er

at
io

n 
of

 th
e 

to
ol

. T
hi

s 
w

ill
 b

e 
do

ne
 

se
m

i-a
ut

om
at

ic
al

ly
 (b

y 
pr

es
s-

in
g 

a 
bu

tto
n 

to
 a

ss
ig

n 
th

e 
ne

xt
 

ra
nk

) i
n 

or
de

r t
o 

be
 a

bl
e 

to
 

tra
ce

 th
e 

ra
nk

in
g 

pr
oc

es
s.

2
M

aa
r a

ls
 je

 n
at

uu
rli

jk
 h

ee
l v

ee
l m

od
ul

es
 h

eb
t, 

zo
al

s 
ik

 b
ij 

be
ni

gn
e 

gy
na

ec
ol

og
ie

 h
eb

be
n 

w
ij 

18
6 

m
od

ul
es

, u
it 

m
ijn

 h
oo

fd
. J

a,
 d

at
 w

er
kt

 
na

tu
ur

lij
k 

ni
et

 a
ls

 je
 d

ie
 ra

nk
in

g 
[la

ch
t] 

m
oe

t g
aa

n 
zo

ek
en

, z
eg

 m
aa

r, 
eh

, e
h,

 v
an

 w
aa

r n
ou

 d
e 

w
in

na
ar

 z
it.

 D
us

 d
an

 is
 h

et
 m

is
sc

hi
en

 to
ch

O
ve

rz
ic

ht
 o

m
 

ha
nd

m
at

ig
 te

 ra
nk

en
 

bi
j v

ee
l m

od
ul

es
 

on
tb

re
ek

t

O
ve

rv
ie

w
 is

 la
ck

in
g 

w
he

n 
m

an
ua

lly
 a

s-
si

gn
in

g 
ra

nk
s 

in
 th

e 
to

ol
 w

he
n 

th
er

e 
ar

e

W
e 

w
ill

 a
ut

om
at

e 
th

e 
ra

nk
in

g 
pr

oc
es

s 
in

 th
e 

ne
xt

 it
er

at
io

n 
of

 
th

e 
to

ol
. T

hi
s 

w
ill

 re
du

ce
 th

e 
ne

ed
 fo

r h
or

iz
on

ta
l s

cr
ol

lin
g
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ha
nd

ig
er

 o
m

 d
ie

 m
od

ul
es

 o
nd

er
 e

lk
aa

r t
e 

lis
te

n.
 O

m
 h

et
 o

ve
rz

ic
ht

 te
 

kr
ijg

en
, z

it 
ik

 m
ij 

zo
 g

au
w

 te
 b

ed
en

ke
n.

[T
he

re
 is

 a
 la

ck
 

of
 o

ve
rv

ie
w

 w
he

n 
as

si
gn

in
g 

ra
nk

s 
m

an
-

ua
lly

 if
 th

er
e 

ar
e 

lo
ts

 
of

 it
em

s]

lo
ts

 o
f i

te
m

s
in

 th
e 

w
or

ks
he

et
 (e

xc
ep

t f
or

 
tie

s)
.

2
N

ee
, n

ou
ja

 ik
 d

en
k,

 n
ee

. B
eh

al
ve

 d
at

 ik
 d

us
 d

en
k 

da
t d

e 
ui

td
ag

in
g 

vo
or

al
 li

gt
 v

an
 h

oe
 je

 d
at

.. 
ho

e 
je

 d
it 

nu
 o

ve
rz

ic
ht

el
ijk

 h
ou

dt
, a

ls
 je

 d
us

 
he

el
 v

ee
l m

od
ul

es
 h

eb
t e

n 
da

t j
e 

da
n 

ha
nd

m
at

ig
 d

ie
 ra

nk
in

g 
m

oe
t 

do
en

. I
k 

da
t d

at
 g

ew
oo

n 
ni

et
…

 ik
 d

en
k 

da
t d

at
 n

ie
t w

er
kt

.

H
an

dm
at

ig
 ra

nk
en

 li
jk

t 
on

ov
er

zi
ch

te
lij

k 
in

di
en

 
er

 v
ee

l i
te

m
s 

in
 d

e 
to

ol
 s

ta
an

[R
an

ki
ng

 m
an

ua
lly

 is
 

in
co

nv
en

ie
nt

 w
he

n 
th

er
e 

ar
e 

lo
ts

 o
f i

te
m

s]

3
E

hm
, h

et
 m

ak
en

 v
an

 d
ie

 ra
nk

in
g,

 d
at

 is
 n

og
 w

el
 e

ve
nt

je
s 

ee
n 

so
or

t 
ui

tz
oe

kw
er

kj
e.

M
an

ie
r v

an
 ra

nk
en

 is
 

ui
tz

oe
ke

n
[M

an
ne

r o
f r

an
ki

ng
 is

 
so

m
et

hi
ng

 to
 fi

gu
re

 
ou

t]

4
W

an
t i

k 
he

b 
st

ra
ks

 e
h,

 v
ol

ge
ns

 m
ij 

zi
jn

 h
et

 e
r 2

…
 ik

 n
oe

m
 2

00
 o

fz
o,

 
m

aa
r d

at
 z

ijn
 n

at
uu

rli
jk

 e
no

rm
 v

ee
l k

ol
om

m
en

. E
hm

, e
n 

oo
k 

al
s 

je
 d

an
 

ze
g 

m
aa

r z
el

f d
e,

 d
ie

, d
ie

 ra
nk

in
g 

m
oe

t d
oe

n.
 D

an
 m

oe
t j

e 
na

tu
ur

lij
k 

w
el

 d
e 

he
le

 ti
jd

 s
cr

ol
le

n 
va

n 
lin

ks
 n

aa
r r

ec
ht

s.

Ve
el

 h
or

iz
on

ta
al

 s
cr

ol
-

le
n 

bi
j h

an
dm

at
ig

e 
ra

nk
in

g
[L

ot
s 

of
 h

or
iz

on
ta

l 
sc

ro
lli

ng
 w

he
n 

ra
nk

in
g 

m
an

ua
lly

]

1
N

ou
, d

ie
 v

er
en

ig
in

ge
n 

he
bb

en
 w

e 
vo

lg
en

s 
m

ij 
ni

ks
 m

ee
 g

ed
aa

n.
 A

lle
en

 
di

e 
vo

te
rs

 z
at

 ik
 e

en
 b

ee
tje

 v
an

, w
an

t d
an

 b
en

 je
 a

an
 h

et
 z

oe
ke

n.
 E

hm
, 

m
aa

r i
k 

w
ee

t n
ie

t o
f d

at
 m

ak
ke

lij
ke

r k
an

 o
p 

ee
n 

an
de

re
 m

an
ie

r. 
W

an
t 

nu
 z

ijn
 e

r h
ee

l v
ee

l p
ar

tij
en

 d
ie

 je
 e

ig
en

lij
k 

ni
et

 n
od

ig
 h

eb
t. 

M
is

sc
hi

en
 

zo
u 

je
 n

og
.. 

W
an

t h
ie

r h
eb

be
n 

w
e 

na
tu

ur
lij

k…
 J

e 
zi

et
 n

at
uu

rli
jk

 m
ijn

 
sc

he
rm

 n
ie

t m
ee

r. 
E

h,
 h

et
 e

er
st

e 
ta

bb
la

d,
 d

at
 R

R
V,

 d
aa

r h
eb

 je
 n

u 
or

ga
ni

sa
tie

s 
in

ge
vu

ld
. D

at
 z

ou
 e

rg
en

s 
m

ak
ke

lij
k 

zi
jn

 a
ls

 ‘i
e 

da
t a

ut
om

a-
tis

ch
 d

an
 o

ok
 b

ij 
he

t a
an

ta
l v

ot
er

s 
op

te
lt.

 D
an

 h
oe

f j
e 

he
t n

ie
t m

ee
r z

el
f 

in
 te

 v
ul

le
n.

(…
)

M
aa

r d
at

 m
aa

kt
 in

 ie
de

r g
ev

al
 h

et
 ta

bb
la

d 
vo

te
rs

 n
og

 w
ee

r g
eb

ru
ik

s-
vr

ie
nd

el
ijk

er

A
ut

om
at

is
er

in
g 

va
n 

in
vu

lle
n 

aa
nt

al
 v

ot
er

s 
zo

u 
w

en
se

lij
k 

zi
jn

[A
ut

om
at

io
n 

of
 

co
un

tin
g 

th
e 

nu
m

be
r 

of
 p

ar
tic

ip
at

in
g 

vo
te

rs
 

w
ou

ld
 b

e 
ap

pr
ec

ia
te

d]

Th
er

ei
s 

a 
w

is
h 

to
 

au
to

m
at

e 
th

e 
co

un
t-

in
g 

of
 th

e 
nu

m
be

r o
f 

pa
rti

ci
pa

tin
g 

vo
te

rs
 

W
e 

ha
ve

 d
ec

id
ed

 th
at

 w
e 

w
ill

 u
se

 a
 d

iff
er

en
t w

ei
gh

tin
g 

m
et

ho
d 

in
de

pe
nd

en
t o

f t
he

 
nu

m
be

r o
f v

ot
er

s 
pe

r o
rg

an
i-

za
tio

n.
 T

he
re

fo
re

, t
he

 n
um

be
r 

of
 v

ot
er

s 
pe

r o
rg

an
iz

at
io

n 
do

es
 n

ot
 h

av
e 

to
 b

e 
fil

le
d 

ou
t 

in
 th

e 
ne

xt
 it

er
at

io
n 

of
 th

e 
to

ol
.

2
M

aa
r i

k 
w

ee
t n

ie
t o

f d
at

 o
nd

er
 d

it 
ko

pj
e 

va
lt:

 m
aa

r b
ijv

oo
rb

ee
ld

 b
ij 

he
t 

ko
pi

ër
en

 v
an

 h
oe

ve
el

 m
en

se
n 

er
 in

 e
en

 v
er

en
ig

in
g 

zi
tte

n 
ui

t j
ou

w
 c

lu
s-

te
r, 

zo
u 

je
 h

et
 m

is
sc

hi
en

 m
ak

ke
lij

ke
r k

un
ne

n 
m

ak
en

 d
oo

r o
fw

el
, e

hm
, 

de
 li

js
t w

aa
ru

it 
je

 k
un

t k
op

ië
re

n 
da

t d
at

 e
ig

en
lij

k 
al

tij
d 

ee
n 

st
an

da
ar

d 
lij

st
je

 is
 d

ie
 je

 e
r g

ew
oo

n 
ov

er
he

en
 k

un
t p

la
kk

en
. E

hm
, o

f i
et

s 
an

de
rs

 
da

t j
e 

ni
et

…
 n

ou
 g

oe
d,

 d
at

 je
 z

o 
m

in
 m

og
el

ijk
 ty

pf
ou

te
n,

 z
eg

 m
aa

r, 
ka

n

W
en

s 
om

 h
et

 in
vu

lle
n 

va
n 

he
t a

an
ta

l v
ot

er
s 

te
 a

ut
om

at
is

er
en

[W
is

h 
to

 a
ut

om
at

e 
th

e 
co

un
tin

g 
of

 th
e 

pa
rti

ci
-

pa
tin

g 
vo

te
rs

]
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m
ak

en
 b

ij 
he

t o
ve

rty
pe

n.
 D
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Additional file 4
 
The reps-tool programmed in microsoft excel

The REPS-tool can be downloaded at https://doi.org/10.1371/journal.pone.0300619 
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Additional file 5
 
RE-weighted Priority-Setting (REPS): a quick-start guide to 
the REPS-tool

SPER
LOOT
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Note: the REPS-tool is currently programmed in Microsoft Excel and uses macros. 
Make sure that Microsoft Excel allows macros on your computer, otherwise the REPS-
tool cannot be used. Microsoft Excel might also automatically block macros in Excel-
files downloaded from the internet. To use such Excel-files, it is necessary to check the 
‘unblock’ checkbox in the file properties of the Excel-file. To learn more, see: https://
learn.microsoft.com/en-gb/DeployOffice/security/internet-macros-blocked

1. Purpose of the reps tool

The main purpose of the REPS-tool is to aid in the priority-setting of any item (e.g. clinical 
practice guideline, systematic review, recommendation, key question, etc.) based on priority 
scores assigned by participants in the priority-setting assessment by providing a ranked 
list of items as its output. It aims to be a flexible tool that allows for all different kinds of 
procedures in the priority-setting assessment before and after using the tool, as long as the 
input complies to the input format requirement. 

Two different types of weighting methods are available [1, 2]:
•	 The regular Re-weighted Range Voting method
•	 The decay-adjusted weighting method, based on the regular weighting method, where 

the decay pattern of individual weights can be adjusted

Note: the REPS-tool is not a consensus method. It ranks items based on priority 
scores assigned by a group of participants. Though, consensus might later be 
achieved using the tool’s output by additional steps in the priority-setting assessment 
when desirable.
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The REPS-tool is a function component in a priority-setting assessment. The function 
needs input according to a specifi c input format and produces an output in the form of a 
ranked list. The function’s mechanism is re-weighted range voting to assign ranks. 

All steps prior to using the function can be considered procedural steps ultimately leading 
to the correct input format for the function. Organization may wish to use their own set of 
selected priority indicators, may wish to ask participants to score multiple indicators per item 
and use the mean score, may wish to use mean scores of groups of stakeholders, and/or any 
other preferred procedural step. However, it should lead to data satisfying the input format 
for the REPS-tool.

Once data is entered in the REPS-tool and ranks are assigned, the tool’s output can 
immediately be used as the outcome of the priority-setting assessment (Fig. 1). However, 
organizations may wish to add one or several procedural steps after the function component. 
For example, the tool’s ranked top 15 output could be used to discuss and form a top 5 
priority items as a defi nitive outcome of the priority-setting assessment.

2. role in the priority-setting assessment

Figure 1 – A process component leading to the input of the function component. The output of the function 
component is immediately used as the outcome of the priority-setting assessment, although the latter may 
not always desirable.

3. Re-weighted range voting introduction

The REPS-tool uses re-weighted range voting as a mechanism to form a list of 
items ordered ascendingly by their assigned ranks. The ranks are assigned based 
on the highest sum score of the items. However, after every assignment of a rank 
to an item, a weight for each of the participants in the priority-setting assessment is 
being (re)calculated based on the scores that the participant already assigned to the 
previously ranked item(s). All participants have a weight starting at ‘1’. The higher 
the scores on the previous ranked items for each participant, the lower the individual 
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weight when recalculated. The lower the weight, the less influence on the next item 
to be ranked as the individual weights are multiplied by the participant’s item scores. 
The re-weighted participants scores are summed to form new item sun scores and 
the highest item sum score is assigned the subsequent rank.

The calculation of the individual weights is, among others, based on the maximum 
scale score. Every participant scores items on a scale from 0 to a maximum 
predefined score (e.g. 5). There is no limit for items to receive the same priority 
score, so, in theory, a participant could rate all items with the same priority score. 

The scale uses a distinctive description. It is not allowed to assign negative priority 
scores (e.g. -1). The scores can be interpreted as follows:
	 0 = No priority
	 1 = Lowest priority possible
	 …
	 Maximum scale score = Highest priority possible

The REPS-tool will not adjust the individual weight when a participant assigned a 
score of 0 or refrained from assigning a score to a winning item.

4. Tool structure

4.1 Introduction to the structure

The REPS-tool consists of three worksheets: RRV (Fig. 2), Labels list (Fig. 3), and Ranking 
outcome (Fig. 4). 

Entry of participant data and priority scores, heterogeneity analyses, and ranking is 
conducted in the ‘RRV’ worksheet. It contains six sections: item labels, ranking information, 
heterogeneity analysis, tool parameters, participants and scores, and ranking buttons. 

4.2 Section A (Fig. 2A) – Item labels

Item names cannot be filled out in section A in the RRV work sheet. Rather, they are filled 
out under the Labels list worksheet and projected in section A (Fig. 2A). Item names of items 
to be prioritized (e.g. CPG names, section titles, recommendations, key questions, etc.) can 
be placed in the ‘Labels list’ worksheet (Fig. 3). If a list of item names is available, then the 
list can be copy/pasted into the Labels list worksheet (Fig. 3).

4.3 Section B (Fig. 2B) – Ranking information

Here, (un)weigted sum scores can be seen per item in each respective column for 
informative reasons. A winner is automatically detected by the tool, showing a green cell with 
‘WINNER’ in the winning item’s column. Although assigning ranks to winning items can be 
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Figure 2 – Overview of the ‘RRV’ worksheet in the REPS-tool opened in Microsoft Excel.

Figure 3 – Detail of the ‘Labels list’ worksheet in the REPS-tool opened in Microsoft Excel.
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performed semi-automatically, a rank can also be assigned manually (e.g. in case of a tie) 
by inserting a number in the item’s cell on the row named ‘Rank’ (i.e. immediately above the 
green cell indicating ‘WINNER’).

4.4 Section C (Fig. 2C) – Heterogeneity analysis

This section concerns heterogeneity analyses. For each item some measures of central 
tendency and measures of dispersion are displayed in the item’s respective column.

4.5 Section D (Fig. 2D) – Tool parameters

Tool parameters can be adjusted here. Available tool parameters are the constant, the 
maximum scale score, the weighting method, and the decay aggression (only available for 
the decay-adjusted weighting method). Changing these parameters will not result in the tool 
providing any direct feedback, but rather different formulas will operate in the background.

4.5 Section E (Fig. 2E) – Participants and scores

The columns indicating the ‘individual weight’ and ‘sum of picks’ are informative for the 
user and are part of the calculations in the background. The column ‘organization’ and ‘name’ 
are optional, but can be used to identify the participant. Importantly, the fi eld with ‘scores’ 
align with the items (columns) and participants (rows) and therefore forms a matrix.

4.6 Section F (Fig. 2F) – Ranking buttons

This section contains two buttons: one to assign a rank to the identifi ed winner and one 
to clear all assigned rankings. Items with assigned ranks are displayed in the Ranking 
outcome worksheet (Fig. 4). This list can be copy/pasted to word-processing software and is, 
effectively, the output of the REPS-tool.

Figure 4 – Detail of the ‘Ranking outcome’ worksheet in the REPS-tool opened with Microsoft Excel. Excel 
shows #N/B because none of the items were currently ranked.
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From Fig. 2A and Fig. 2E it could already be deduced that the columns represent the items 
to be prioritized and that the rows represent participants. The input format for the tool is thus 
a matrix with priority scores corresponding to an item and a participant:

Note: Worksheets can be protected (whether or not by password) so that cells and 
formulas are locked in their respective cells when desirable. Restricting cells may also 
result in users not able to select irrelevant cells guiding their experience in using the 
REPS-tool.

5. Tool structure

Matrix 1 – Input format for the REPS-tool.

Item 1 Item 2 Item 3 Item …

Participant A Score 1,A Score 2,A Score 3,A Score …,A

Participant B Score 1,B Score 2,B Score 3,B Score …,B

Participant C Score 1,C Score 2,C Score 3,C Score …,C

Participant D Score 1,D Score 2,D Score 3,D Score …,D

Participant E Score 1,E Score 2,E Score 3,E Score …,E

Participant… Score 1,… Score 2,… Score 3,… Score …,…

Any priority-setting process may precede, as long as the eventual data used for the REPS-
tool complies to the input format in Matrix 1. For example, the scores in Matrix 2 (hypothetical 
example) are overall scores the participants assigned based on four priority indicators. 
However, it is also possible to provide the mean or median of separately scored priority 
indicators per item as input for the REPS-tool. Nonetheless, the options in the score scale 
should always include 0 (i.e. no priority), as a score of 0 will not adjust the individual weight.

Furthermore, when there are significant uneven numbers of delegates from participating 
stakeholders and this is considered undesirable, the mean or median of the participating 
delegates of stakeholders can be used as an input in the REPS-tool. Rows then become the 
stakeholder organizations or (sub-)groups instead of individuals (Matrix 3).
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It is important to recognize that the REPS-tool uses a single score or no score (when 
participants refrained from assigning a score) per item. Thus, either the cell contains a 
number or is left blank. There are several ways to obtain a single score, for example:
•	 Ask to assign an overall priority score for each item
•	 Ask to assign a priority score on a single priority indicator for each item
•	 Ask to assign priority scores on multiple priority indicators for each item and average 

the assigned scores on the priority indicators for each item.

Organizations may have different needs and may operate in different contexts. It might 
be helpful to select priority indicators which seem relevant to the context and needs. For 
example, priority indicators might be dependent of the field the priority-assessment takes 
place, or for which purpose the item is prioritized for (e.g. update, development de novo, 
implementation), or even the health care system the organization is operating in. 

Matrix 2 – Hypothetical example of a dataset (with a maximum scale score of 5) used for input in the REPS-
tool to prioritize key questions for development.

What is the role 
of MR imaging 
in patients with 
a hepatocellular 
carcinoma?

What is the role 
of biopsy in the 
detection of a 
hepatocellular 
carcinoma?

What is the role 
of preopera-
tive portal vein 
embolization in 
patients with a 
cholangio-carci-
noma?

What initial 
approach should 
be used in 
patients with any 
biliary carci-
noma: surgery 
or systemic 
therapy?

Oerbekke 4 4 4 5

Gaasterland 2 3 1 4

Van der Laan 0 4 4 2

Hooft 5 2 2 3

Matrix 3 – Input format for the REPS-tool when using, for example, the mean of participating delegates per 
organization.

Item 1 Item 2 Item 3 Item …

Organization A Mean 1,A Mean 2,A Mean 3,A Mean …,A

Organization B Mean 1,B Mean 2,B Mean 3,B Mean …,B

Organization C Mean 1,C Mean 2,C Mean 3,C Mean …,C

Organization D Mean 1,D Mean 2,D Mean 3,D Mean …,D

Organization E Mean 1,E Mean 2,E Mean 3,E Mean …,E

Organization … Mean 1,… Mean 2,… Mean 3,… Mean …,…

6. Obtaining priority scores
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Scores can be elicited by sending out an (online) survey, for example. In the future, priority-
setting tools may be programmed into applications from where the scores might also be 
elicited.

Note: Literature reviews reporting priority indicators for guidelines are being published 
in scientific journals. Guideline developing organizations may use such overviews to 
select priority indicators relevant for their priority-setting assessment. Such literature 
includes:
•	 Martínez García L, Pardo-Hernandez H, Superchi C, Niño de Guzman E, 

Ballesteros M, Ibargoyen Roteta N, McFarlane E, Posso M, Roqué I Figuls M, 
Rotaeche Del Campo R, Sanabria AJ, Selva A, Solà I, Vernooij RWM, Alonso-
Coello P. Methodological systematic review identifies major limitations in 
prioritization processes for updating. J Clin Epidemiol. 2017 Jun;86:11-24. doi: 
10.1016/j.jclinepi.2017.05.008. Epub 2017 May 24. PMID: 28549931.

•	 El-Harakeh A, Morsi RZ, Fadlallah R, Bou-Karroum L, Lotfi T, Akl EA. Prioritization 
approaches in the development of health practice guidelines: a systematic review. 
BMC Health Serv Res. 2019 Oct 15;19(1):692. doi: 10.1186/s12913-019-4567-2. 
PMID: 31615509; PMCID: PMC6792189.

•	 El-Harakeh A, Lotfi T, Ahmad A, Morsi RZ, Fadlallah R, Bou-Karroum L, Akl 
EA. The implementation of prioritization exercises in the development and 
update of health practice guidelines: A scoping review. PLoS One. 2020 Mar 
20;15(3):e0229249. doi: 10.1371/journal.pone.0229249. PMID: 32196520; 
PMCID: PMC7083273.

7. Obtaining priority scores

The item names in Matrix 2 are hypothetical examples of questions prioritized to be 
developed de novo. Item names are automatically displayed in the corresponding columns 
in the ‘RRV’ worksheet when the names are placed in the list in the ‘Labels list’ worksheet 
(Fig. 5).

Organization, participant names and scores are easily copied and pasted in the tool when 
using a dataset structured according to the input format. Names and priority scores from 
Matrix 2 were pasted in the REPS-tool (see Fig. 6). The item names can also be copy/pasted 
in the ‘Labels list’ worksheet. It is advisable not to cut/paste or move cells within the tool as 
underlying cell references may become dislocated, even when the worksheet is protected.

The columns ‘Name’ and ‘Organization’ do not necessarily have to contain data to perform 
the ranking of items in the REPS-tool. However, it is suggested to at least fill in the participant’s 
name (or identifier) when later identification is desirable (e.g. to check for errors in specific 
rows of data).

In this section the scores can be validated as well. That is, cells with input can be highlighted 
in color that contain text, values smaller than 0, or values larger than the maximum scale 
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score. Clicking on the button ‘Validate scores’ will highlight the cells (Fig. 7). The button 
‘Clear validation’ will remove the highlights.

Figure 5 – Item names placed in the ‘Labels list’ worksheet (Fig. 2) are automatically displayed in the ‘RRV’ 
worksheet (Fig. 1A)

Note: Using the same order of participants and items from the dataset in the REPS-
tool (i.e. in the ’RRV’ and ‘Labels list’ worksheets) ensures that priority scores can 
be pasted in the tool without data entry errors. The item names may be horizontally 
oriented in the dataset. The transpose function Microsoft Excel (e.g. in a new 
workbook) can be used to create a vertically oriented list following the order of items 
used in the dataset. The vertical list can be pasted in the ‘Labels list’ worksheet and 
item names will appear automatically in the corresponding columns in the ‘RRV’ 
worksheet (Fig. 1A).

Note: When items have generic or similar names, consider adding identifi ers to their 
labels. For example, when items are named ‘Diagnosis of the primary tumor’ and 
are sections from two different guidelines (e.g. biliary tract cancer and hepatocellular 
cancer):
• Diagnosis of the primary tumor [BTC]
• Diagnosis of the primary tumor [HHC]
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The REPS-tool has two weighting methods for individual weights: the regular re-weighted 
range voting method (Formula 1) and the decay-adjusted weighting method (Formula 2) [1, 
2]. The latter formula can be used for disproportionate representation [2].

Figure 6 – Names and scores were entered into the REPS-tool (‘RRV’ worksheet)

Figure 7 – With a maximum scale score of ‘3’ the ‘Validate scores’ button will highlight text, any score above 
3, and any score below 0. The ‘Clear validation’ button will remove all highlights.

8. weighting methods and parameters

(1)

(2)
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The regular re-weighted range voting method will result in a proportional representation 
(as assigned with priority scores) reflected in the ranking [1, 2]. The decay-adjusted weight 
(with A>1) results in a more aggressive decay of the individual weights (Fig. 8). A relative 
aggressive decay (e.g. A=4) causes a steep decline of the individual weight immediately 
with the first few points assigned to a winning item. This could theoretically leave room for 
boosting less represented perspectives in the ranking outcome, as participants ‘having their 
way’ with the first few winners will have a very low individual weight thereafter.

Figure 8 – A graph showing the decay of individual weights using the decay-adjusted weighting method 
(Formula 2), a constant of K=0.5, and a maximum scale score of 10. The regular re-weighted range voting 

method (Formula 1) is identical to A=1. 
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The weighting parameters of the individual weights can be selected in the weighting 
parameters section in the ‘RRV’ worksheet of the REPS-tool (Fig. 2D, Fig. 9). The value in 
the cell right to ‘Max score:’ indicates the maximum scale score. That is, the maximum score 
a participant is allowed to assign to an item. A brief explanation is provided on the right of 
the value in the REPS-tool which adapts according to the input value of the maximum scale 
score. For example, using a maximum scale score of 7, the participants essentially score on 
an 8-item scale ranging from 0 to 7. 

The formulas to calculate individual weights need a constant in both the numerator and 
denominator in order to result in a weight of ‘1’ when no items were ranked or when no scores 
were assigned to the previous ranked item(s). The constant can be any positive number [1].
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By changing the value of the cell right to ‘Weighting method:’, the weighting method can be 
changed. The regular re-weighted range voting method (Formula 1) is used when the value 
is ‘0’, while the decay-adjusted method (Formula 2) is used when the value is ‘1’. The value 
next to the cell ‘Decay aggression (A):’ is the value of exponent A in Formula 2.

Figure 9 – Weighting parameters in the ‘RRV’ worksheet.

Note: The tool does not provide immediate feedback when changing parameters. It 
switches formulas in the background to calculate the individual weights, for example 
when switching between 0 and 1 as the weighting method.

The REPS-tool immediately indicates the fi rst ‘winner’ in green when scores are entered 
(Fig. 10). Make sure not to assign ranks until all data required following the input format is 
entered to prevent a faulty ranking. In our hypothetical example from Matrix 2, the fi rst winner 
is “What is the role of biopsy in the detection of a hepatocellular carcinoma?” because it had 
the highest sum score (i.e. 13).

By clicking on the ‘Next ranking –>’ button (Fig. 11), the identifi ed ‘winner’ receives its rank 
and the next ‘winner’ is identifi ed to receive a rank. The button enables a semi-automatic 
ranking of items (Fig. 12). A message will appear to inform the user there is no item left to 
rank when the button is clicked and there are no more items left. Ranks can also be manually 
entered in the row ‘Rank:’ (e.g. fi ll out ‘1’ in the cell above the cell indicating the winner in 
Fig. 10). After accepting the value in the cell, the REPS-tool will immediately identify the next 
‘winner’.

9. assigning ranks
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The row ‘Rank:’, containing all of the assigned ranks to the items in the corresponding 
columns (Fig. 10), can be cleared at once by clicking on the ‘Clear ranking’ button (Fig. 11).

Figure 10 – Automatic indication of the winner in the ranking information section (also see Fig. 2B). A rank is 
not yet assigned to the winner at this point.

Figure 11 – Buttons for the semi-automatic assignment of ranks and for clearing all ranks.
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In some cases, the (new) sum scores of multiple items may be equal and these items are 
tied for a rank. Equal sum scores are most likely to happen during the fi rst few assignments 
of ranks, whereafter it probably becomes less likely that items have exactly the same sum 
score due to the individual weighting of the assigned scores. 

The REPS-tool will indicate which items have identical scores with ‘MULTI (n)’ in red when 
tied for a rank (Fig. 13). Here, n displays the number of items with identical scores. Clicking 
the ‘Next ranking –>’ button when multi-winners are identifi ed will not assign a rank to any of 
these items. The ‘Next ranking –>’ button, however, prompts a message indicating for which 
rank the items are tied. This rank needs to be manually assigned to one of the multi-winner 
items. There are no prespecifi ed rules for this decision yet, however heterogeneity analysis 
may aid in the 

decision. For example, one might choose an item where there is some agreement among 
the participants refl ected by a smaller variance, standard deviation, or range compared to 
the other multi-winner item(s).

All items who received a rank will be displayed in the Ranking outcome worksheet ordered 
by their rank. When deciding to change the tool’s parameters after a ranking is completed, 
the tool does not refresh the assigned ranks automatically. Thus, after changing the tool’s 
parameters, the ranking should be cleared before new ranks are assigned according to the 
new parameters.

Figure 12 – Semi-automatic ranking using the ‘Rank next –>’ button (Fig. 11) until there are no 
items left to rank, which prompts a message to inform the user.
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The REPS-tool has a section for heterogeneity analyses (Fig. 2C). Analyses are carried 
out on the unweighted scores assigned by the participants. Central tendency measures (i.e. 
mean and median) are provided, accompanied by measures of dispersion (i.e. variance, 
standard deviation, range, and interquartile range) and sizes of the quartiles.

Items meeting specifi c conditions, such as a variance greater or equal to three, can be 
highlighted in the REPS-tool (Fig. 14). Fill out and accept a value in the yellow (smaller or 
equal to) or red (greater or equal to) cell right to ‘Highlight when:’ for the tool to automatically 
highlight items meeting the condition.

Figure 13 – Two items are tied for a rank as indicated by MULTI(2) in the tool. The REPS-tool identifi es 
which items are tied by displaying MULTI(n) in the item column and shows how many items are tied within the 
parentheses. Clicking the ‘Rank next –>’ button (Fig. 11) will prompt a message showing for which rank the 
items are tied. In this case there is a tie for rank 2.

Note: Do not assign identical ranks to multiple items. These items will not be displayed 
correctly in the ‘Ranking outcome’ worksheet. For example, do not manually assign 
the same rank to the items identifi ed as a multi-winner. 

10. heterogeneity analyses
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When items are tied for a rank and the rank has to be entered manually, heterogeneity 
analyses may be of use in deciding which item receives the rank. Although there is currently 
no consensus and there are no predefi ned decision-rules, the measures of dispersion might 
indicate the level agreement among participants. For example, large variance could mean 
that the participants do not agree about the priority while little variance could indicate that 
there is more agreement about the level of priority. One might choose, for example, to assign 
the rank to the item with the smallest variance.

Figure 14 – Highlight items for central tendency and dispersion measure values ‘smaller than or equal to’ 
(yellow) and ‘greater than or equal to’ (red). Items meeting the condition are highlighted in their respective 
column.

11. Tool output

The output of the tool is a list of items ascendingly ordered by the assigned ranks to the 
items. Only items that were (manually or semi-automatically) assigned a rank to in the ‘RRV’ 
worksheet are displayed in the ‘Ranking outcome’ worksheet of the REPS-tool (Fig. 15). It 
is possible to create a top 10 or a top 15, by (manually or semi-automatically) assigning a 
rank to the fi rst 10 or 15 winners, respectively. That means that solely items that had a rank 
assigned to them in the ‘RRV’ worksheet are ordered and displayed in list in the ‘Ranking 
outcome’ worksheet. The list can be copied from the worksheet to other applications, such 
as Microsoft Word.
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The formulas in the worksheets and the worksheets themselves are not locked in the 
REPS-tool. Therefore, the tool can be programmed in Microsoft Excel according to specifi c 
needs not currently programmed in the tool. For example, it is conceivable to wish for a 
different weighting of individual weights for patients participating in the priority-setting 
assessment. Or, a different set of weighting methods could be programmed than currently 
available in the tool. Although these aspects are not features in the current version of the 
REPS-tool, it should be programmable using Microsoft Excel when desirable. The REPS-
tool may be further edited by programming specifi c wishes for an organization in the tool. In 
fact, we would encourage any adaptations that would allow for its use for different contexts 
and needs. This includes priority-setting outside the context of clinical practice guidelines.

Figure 15 – The list of items that received a ranking ordered by rank in the ‘Ranking outcome’ worksheet. 
Microsoft Excel shows #N/B because a fi fth item was not assigned a rank. 

12. Adapting the REPS-tool

13. reference list

1. Kok J, Smith WD. Re-weigted Range Voting - a Proportional Representation voting 
method that deels like range voting  [cited 2023 15th of May]. Available from: 
https://www.rangevoting.org/RRV.html.

2. Smith WD. Reweighted range voting – new multiwinner voting method. 2005.
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Subgroup 8 

Subgroup 6 

Subgroup 5 

Subgroup 4 

Subgroup 1 

How should parents and family
members ideally be supported in
caring for their relative with KS and
coping with the associated burden?

Which factors are important for weight
control and stagnation of growth?

What should be monitored for
sensory dysfunction (such as vision
problems / hearing impairment) and
what interventions are recommended? 

Which therapies and interventions are
best for stimulating and improving
speech in children with KS, and from
what age?

What are the signs and symptoms of a
regression period and which
interventions might be beneficial?

What kind of mental health issues (or
symptoms of mental disorders) are
found in individuals with KS, and what
are the specific recommendations?

Which behavioral issues are found in
individuals with KS, and what are the
specific recommendations?   

Which types of sleep problems occur
and which management is advised in
KS?

What kind of neurological
disorders/abnormalities occur in
individuals with KS, and what are the
specific recommendations? 

What should be monitored in structural
heart defects and rhythm disturbance
in Kleefstra syndrome and what is the
recommended frequency?

What therapies and interventions are
advised for constipation in individuals
with KS?

What is the recommended diagnostic
route for patients with
neurodevelopmental disorders to
establish the diagnosis of KS?         

Input format: Mean score per sub-group 
Weighting: Regular re-weighted range

voting 
Discussion led to the definitive

outcome

A6 Figure 2. The final outcome of the priority-setting outcome in the Kleefstra syndrome guideline. A top-18 
output of the REPS-tool was presented to the core group and discussions led to the final selection of 12 key question 
for development in the Kleefstra syndrome guideline. The figure shows which input and weighting method was used 
and which key questions were ultimately selected per subgroup in the guideline panel through discussing the REPS-
tool’s output in the core group.
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A6 Figure 4. Comparing the two hypothetical top-10 options most preferred by the Kleefstra syndrome 
guideline panel. The figure shows two ranked top-10s obtained using different input formats and weighting methods. 
The purple highlighted boxes in Option 1 are key questions that did not appear in Option 4. The blue highlighted boxes 
in Option 4 are key questions that did not appear in Option 1. Six key questions appeared in both Option 1 and 4, with 
crosslinks showing the change in rankings between options. Note that Option 4 resulted in a #2 ranking of a question 
that did not appear in Option 1.

#2 

#3 

#4 

#5 

#6 

#7 

#8 

#9 

#10 

#1 
What are the signs and symptoms of a
regression period and which
interventions might be beneficial?   

What kind of mental health issues (or
symptoms of mental disorders) are
found in individuals with KS, and what
are the specific recommendations?   

Which factors can predict or increase
the risk for a regression period? 

Which types of sleep problems occur
and which management is advised in
KS?  

Which behavioral issues are found in
individuals with KS, and what are the
specific recommendations?  

Which mood disorders occur in KS and
which therapies and interventions are
advised?  

What kind of neurological disorders
/abnormalities occur in individuals with
KS, and what are the specific
recommendations? 

How should parents and family
members ideally be supported in
caring for their relative with KS and
coping with the associated burden?

Which therapies and interventions are
best for stimulating and improving
speech in children with Kleefstra 
syndrome, and from what age?

Which therapies and interventions are
advised to stimulate neurocognition?

What are the signs and symptoms of a
regression period and which
interventions might be beneficial?   

What is the recommended diagnostic
route for patients with
neurodevelopmental disorders to
establish the diagnosis of KS? 

Which types of sleep problems occur
and which management is advised in
KS?  

Which factors can predict or increase
the risk for a regression period? 

Are there specific recommendations
for different causative genome
variants causing KS? 

What kind of mental health issues (or
symptoms of mental disorders) are
found in individuals with KS, and what
are the specific recommendations?   

What kind of neurological disorders
/abnormalities occur in individuals with
KS, and what are the specific
recommendations? 

How should doses be determined when
prescribing psychopharmacology? 

Which behavioral issues are found in
individuals with KS, and what are the
specific recommendations?  

How should epilepsy be treated in KS
and is there specific KS-related
variance which has to be considered? 

Input format: Mean score per sub-group 
Weighting: Regular re-weighted range

voting

Option 1
Input format: Individual score per

participant 
Weighting: Decay-adjusted (A=4)

Option 4
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Additional file 7
 
The scores of all individuals participating in the 
kleefstra priority-setting guideline

The matrix can be downloaded at https://doi.org/10.1371/journal.pone.0300619
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Abstract

We aim to illustrate the role of complete and transparent reporting coupled with access to 
data sourced from published systematic reviews, especially assisting in the identification of 
evidence for subgroups within the context of a rare disease. To accomplish this principle, we 
provide a real-world example encountered during the revision of the Dutch clinical practice 
guideline for hepatocellular carcinoma. Specifically, we retrieved insights from two Cochrane 
reviews to identify direct evidence concerning the diagnostic test accuracy of computed 
tomography and magnetic resonance imaging for detecting hepatocellular carcinomas in 
suspected patients without liver cirrhosis. Through reusing the Cochrane review authors’ 
efforts already undertaken in their exhaustive literature search and selection, we successfully 
identified relevant direct evidence for this subgroup of suspected patients without cirrhosis 
and performed an evidence synthesis within the constraints of limited resources for the 
guideline revision. This approach holds the potential for replication in other subgroups in the 
context of rare diseases, contingent on the transparent and complete reporting of systematic 
reviews, as well as the availability and accessibility of their extracted data. Consequently, 
we underscore the importance of adhering to established reporting guidelines for systematic 
reviews, while simultaneously advocating for increased availability and accessibility to data. 
Such practices would not only increase the transparency and reproducibility of systematic 
reviews but could also increase reusability of their data. In turn, the increased reusability 
could result in reduced resource utilization in other sectors such as the guideline developing 
community as we show in our example.

Keywords: Systematic reviews, clinical practice guidelines, rare diseases, subgroups, 
reporting guidelines, data availability, data accessibility, data reusability, resource utilization
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To the Editor
In 2022 the incidence of patients with hepatocellular carcinoma (HCC) in the Netherlands 

was n=649 (502 males, 147 females) with a five-year prevalence of n=1303, based on 
preliminary data in the Netherlands Cancer Registry.1 This qualifies as a rare disease, given 
that the population size in the Netherlands was N=17.815.508 as of December 2022.2 Liver 
cirrhosis is usually observed in patients with HCC, although the disease may also develop 
without cirrhosis in an even smaller group of patients. This may vary across populations, 
where 12%3 and 26%4 of the patients with HCC did not have liver cirrhosis within studies in 
the United States and Taiwan, respectively. Diagnostic imaging indicators of HCC in patients 
without liver cirrhosis have a lower specificity compared to those in patients with cirrhosis.5 
International clinical practice guidelines (CPGs) strongly recommend a pathology-confirmed 
diagnosis for the subgroup without cirrhosis,5, 6 a practice that appears to be comparatively 
more prevalent among these patients.3, 4

Recently, there has been a revision of the Dutch HCC diagnosis and treatment CPG from 
its prior publication in 2013, which currently is awaiting endorsement in its finalization phase. 
The multidisciplinary CPG panel wished to provide guidance regarding the utilization of solely 
computed tomography (CT) or magnetic resonance imaging (MRI) for diagnosing HCCs in 
suspected patients without liver cirrhosis, as an alternative to a pathology-based diagnosis. 
We developed this guidance as a dedicated segment within the CPG, supported by a 
comprehensive synthesis of the evidence. However, a literature specialist demonstrated that 
even a specific search strategy for our evidence synthesis would result in a greater number 
of primary studies (i.e. n=1813 from Embase and n=1383 from Ovid/MEDLINE, duplicates 
not removed) than our capacity allowed for processing within a single CPG segment when 
considering the available resources for the CPG revision. Consequently, an alternative 
search strategy was developed and centered around published systematic reviews (SRs), 
resulting in n=33 hits after removing duplicates. The search strings for Embase and Ovid/
MEDLINE involved keywords for HCC, CT, MRI, histology, diagnostic accuracy, and SRs 
and will be available upon request via www.richtlijnendatabase.nl once the revised guideline 
achieves endorsement and is published. One of the involved CPG panel members selected 
10 potentially relevant SRs based on their titles and abstracts (TIAB), including two Cochrane 
Diagnostic Test Accuracy reviews.7, 8 The supporting CPG methodologist read these 10 SRs 
in full-text and determined with the involved CPG panel members that none of these SRs 
reported relevant and direct information for the subsample of patients without cirrhosis. 
Therefore, none of the SRs could be directly used as an evidence synthesis in the CPG 
segment for the Dutch HCC CPG.

Both Cochrane reviews, however, reported the number of included studies that had 100% 
prevalence of cirrhosis and conducted a sensitivity analysis for studies with a prevalence of 
>90% versus studies <90% prevalence.7, 8 This indicated that the Cochrane reviews captured 
primary studies that also recruited suspected patients without liver cirrhosis. These studies 
could possibly report (sub)analyses for the group of patients without cirrhosis. The Cochrane 
reviews transparently reported their search strategy, including sensitive search strings. The 
CPG methodologist judged that these search strategies (see Table 1) indeed could encase 
the retrieval of studies with a (sub)sample of patients without liver cirrhosis.
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We reused the potentially relevant hits from both Cochrane reviews, comprising of 
the included studies and the referenced excluded studies. For the included studies, 

Table 1 - Summary of the search and retrieval of the two Cochrane diagnostic test accuracy reviews.

Author, 
year Modality

Generalized 
search string*

Search 
retrieval 
after 
removing 
duplicates 
(n)

TIAB 
poten-
tially 

relevant 
(n)

TIAB 
excluded 

(n)

Full-text 
included 

(n)

Full-text 
excluded

(n)
Nadarevic 
2021 8

CT (CT) AND 
(HCC) AND 
(liver disease)

25230 165 25065 21 144

Nadarevic 
2022 7

MRI (MRI) AND 
(HCC) AND 
(liver disease 
OR cirrhosis)

9661 117 9544 34 83

*This is a generalized version of the search sting without the synonyms the authors have used. There 
are differences within each search string depending on which database was sought. The complete 
search strings are available in the original publication of the Cochrane Diagnostic Test Accuracy 
reviews.
CT: Computed Tomography, HCC: Hepatocellular Carcinoma, MRI: Magnetic Resonance Imaging, n: 
number of studies, TIAB: Title/abstract

we downloaded the Cochrane reviews’ data files from the Cochrane Library. These files 
contained data about the prevalence of cirrhosis in the included studies. We selected those 
studies which had a prevalence of <100% or when the prevalence was not reported (n=12), 
since these could potentially report (sub)analyses for patients without cirrhosis. The CPG 
methodologist read these papers full text and determined with the involved GPC panel 
members that two studies9, 10 met the inclusion criteria for our evidence synthesis. Given that 
the full-text excluded studies from the Cochrane reviews were explicitly cited, we were able to 
compile and access this set of n=214 studies (duplicates removed). One CPG panel member 
screened these primary studies on TIAB and identified a set of n=18 potentially relevant 
studies for our evidence synthesis. The CPG methodologist read these 18 studies full-text 
and determined with the involved CPG panel members that one additional study11 met the 
inclusion criteria. Overall, three studies met the inclusion criteria of our evidence synthesis 
for uptake in the GCP segment for the Dutch HCC CPG revision. The process is visualized 
in Figure 1.

Through this method, we effectively have reused the Cochrane review authors’ efforts 
in the literature search, the literature screening, and the data-extraction to identify direct 
evidence for the test accuracy of CT and MRI in the subgroup of patients without liver 
cirrhosis. This was only possible because of the transparent reporting of information by the 
Cochrane review authors and the availability and accessibility of data within both reviews. 
It is important to note that this method does not extend to identifying primary studies 
published after the search dates reported in the Cochrane reviews. Nevertheless, it provided 
a systematic and time-efficient strategy for searching and screening potentially relevant 
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literature up to the Cochrane reviews’ search dates. The TIABs of 33 systematic reviews and 
214 primary studies were screened instead of n=252308 and n=96617 primary studies for 
CT and MRI, respectively. With an estimate that manually screening 60 to 120 TIABs takes 
approximately an hour,12 screening the Cochrane reviews’ search retrieval would take about 
210-420 hours for CT and 80-161 hours for MRI (not regarding potential duplicates). Our own 
initial search strategy for primary studies would have taken about 15-30 hours to screen on 
TIAB for the retrieval from Embase alone. However, through reusing the Cochrane authors’ 
efforts, the involved CPG panel members invested far less time in screening the TIABs for 
our evidence synthesis in the CPG revision, which would be about 2-4 hours according to the 
estimate of 60 to 120 abstract per hour. The CPG segment (including its supporting evidence 
synthesis with data extraction table and exclusion table) will be published online at www.
richtlijndatabase.nl once the revision is endorsed.

The European Association for the Study of the Liver5 and European Society for Medical 
Oncology13 CPGs for HCC from 2018 do not seem to reference any of these primary studies for 
the test accuracy of CT or MRI in patients without cirrhosis. The latest American Association 
for the Study of Liver Diseases CPG from 2023,6 however, does reference one of the identified 
primary studies.9 The American CPG referenced an additional primary study14 which we had 
not identified through both Cochrane reviews. This particular study was published after the 
search date in one of the Cochrane reviews,8 making it impossible to be included. However, 
it was published shortly before the last search date in the second Cochrane review.7 The 
study might not yet have been indexed properly in the databases this short before the last 
search date in the Cochrane review, resulting in its omission. Alternatively, in both Cochrane 
reviews, the authors exclusively included studies that reported per-patient analyses because 
they were interested in the ability of CT and MRI to detect patients with HCC, while per-
lesion analyses typically provides information about staging.7, 8 The study might have been 
excluded during the TIAB screening phase based on its abstract, which suggested that a per-
lesion analysis was used. The reported Ovid MEDLINE search string7 is, however, capable of 
capturing the study as it was found when we reproduced the search in Ovid MEDLINE on the 
24th of July 2023. In this situation, having access to the complete search retrieval would have 
been beneficial allowing us to check whether the study was absent in the retrieval altogether 
or was excluded in the TIAB screening phase. 

With the hereby described process during the Dutch HCC CPG revision, we have shown 
how information and data in SRs was used by the CPG working group and methodologist to 
identify direct evidence for a subgroup in a rare disease while under resource constraints. The 
potential for such a process to be applicable to subgroups in other rare diseases depends on 
the transparent and complete reporting of information in SRs, alongside with the availability 
of extracted data.  This is essential for two reasons. Firstly, it allows for the verification 
whether the search strategy could have captured the subgroup of interest, and to understand 
which and when databases were last searched. Secondly, having access to this information 
and data are necessary to identify and retrieve the relevant literature for your own evidence 
synthesis. We therefore stress the importance of adhering to reporting guidelines for SRs, 
such as the PRISMA statement15 and its extensions. Moreover, we emphasize the value of 
providing extracted data from primary studies in a data file format that can be accessed using 
widely available or free software. Although authors generally acknowledge the importance 
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Figure 1. Visualization of the process leading to uptake of the studies in the Dutch HCC guideline. We 
searched for published systematic reviews in our evidence synthesis for the Dutch hepatocellular carcinoma (HCC) 
clinical practice guideline segment (step 1). This resulted in the identifi cation of two Cochrane diagnostic test 
accuracy reviews that also seemed to capture studies with a (sub)sample of suspected patients without liver cirrhosis. 
Through the transparently reported information and available data in these Cochrane reviews, we were able to identify 
three studies with direct evidence regarding the diagnostic test accuracy of computed tomography (CT) or magnetic 
resonance (MRI) in patients suspected of an HCC with a non-cirrhotic liver (step 2). Relevant data was extracted from 
these three studies for our own evidence synthesis (step 3). The evidence synthesis was then added to the guideline 
section for its development (step 4). Once endorsed, the guideline segment is added to the Dutch HCC clinical 
practice guideline (step 5) comprising of segments covering various other topics in the diagnosis and treatment of 
HCC (available via www.richtlijnendatabase.nl).
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of the PRISMA statement’s items,16 existing evidence indicates that adherence to these 
reporting guidelines is suboptimal.17, 18 However, enhanced adherence does not only increase 
transparency and reproducibility of SRs but may, combined with sufficient data availability 
and accessibility, also increase the reusability of data within SRs. The integration of efforts 
between primary research, evidence synthesis, and clinical practice guideline development 
is crucial. Currently, these processes and efforts seem to be performed siloed.19 In our 
approach, by being able to reuse efforts in the production of SRs and the data within these 
SRs, we have successfully bridged a notable gap between evidence synthesis and CPG 
development while optimizing resource utilization during the production of a CPG. 
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Abstract
 
Background

A pretest probability must be selected to calculate data to help clinicians, guideline boards 
and policy makers interpret diagnostic accuracy parameters. When multiple analyses for 
the same target condition are compared, identical pretest probabilities might be selected to 
facilitate the comparison. Some pretest probabilities may lead to exaggerations of the patient 
harms or benefits, and guidance on how and why to select a specific pretest probability is 
minimally described. Therefore, the aim of this study was to assess the data sources and 
methods used in Cochrane diagnostic test accuracy (DTA) reviews for determining pretest 
probabilities to facilitate the interpretation of DTA parameters. A secondary aim was to 
assess the use of identical pretest probabilities to compare multiple meta-analyses within 
the same target condition.

Methods

Cochrane DTA reviews presenting at least one meta-analytic estimate of the sensitivity 
and/or specificity as a primary analysis published between 2008 and January 2018 were 
included. Study selection and data extraction were performed by one author and checked by 
other authors. Observed data sources (e.g. studies in the review, or external sources) and 
methods to select pretest probabilities (e.g. median) were categorized.

Results

Fifty-nine DTA reviews were included, comprising of 308 meta-analyses. A pretest 
probability was used in 148 analyses. Authors used included studies in the DTA review, 
external sources, and author consensus as data sources for the pretest probability. Measures 
of central tendency with or without a measure of dispersion were used to determine the 
pretest probabilities, with the median most commonly used. Thirty-two target conditions 
had at least one identical pretest probability for all of the meta-analyses within their target 
condition.  About half of the used identical pretest probabilities were inside the prevalence 
ranges from all analyses within a target condition.

Conclusions

Multiple sources and methods were used to determine (identical) pretest probabilities 
in Cochrane DTA reviews. Indirectness and severity of downstream consequences may 
influence the acceptability of the certainty in calculated data with pretest probabilities. 
Consider: whether to present normalized frequencies, the influence of pretest probabilities 
on normalized frequencies, and whether to use identical pretest probabilities for meta-
analyses in a target condition.

Keywords: Diagnostic test accuracy, pretest probability, pretest risk, background prevalence, 
review literature as topic, absolute numbers, normalized frequencies, natural frequencies
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1. Background

Diagnostic tests are essential to clinicians in their daily practice. Test results inform about 
the preferred healthcare pathway to, ideally, cure a patient from disease. The optimal way to 
understand a diagnostic test’s performance and the downstream consequences for patients 
is through a test-treatment randomized controlled trial. Such trials provide comparative 
information on health outcomes (both harms and benefits) of healthcare pathways initiated 
by the outcome of the diagnostic tests or strategies. However, test-treatment randomized 
controlled trials are methodologically complex.1 Diagnostic test accuracy (DTA) studies are 
usually an alternative to these complex trials and can be summarized in systematic reviews. 
DTA reviews include primary cross-sectional studies using the diagnostic test of interest and 
aggregate data by meta-analysis so that a pooled sensitivity and specificity is presented. 
Sensitivity is the proportion of persons with the target condition that are correctly classified 
by the index test, while specificity is the proportion of correctly classified persons without 
the target condition. Persons who are false negatively misclassified might not receive an 
intervention when they should have. Further diagnostic testing may be indicated which is 
possibly more burdensome or more harmful (e.g. the next diagnostic test is more invasive 
or may involve nuclear imaging). Persons who were false positively misclassified are falsely 
diagnosed with the presence of the target condition. Then, the provided intervention may 
be unnecessary and potentially burdensome, depending on the nature of the intervention. 
Complications from the intervention may arise and complaints may persist, potentially 
resulting in a late diagnosis of the actual present target condition. Further treatment for 
the actual target condition may then have more risks or complications compared to early 
diagnosis and intervention.

From literature it seems that clinicians have trouble interpreting accuracy parameters such 
as sensitivity and specificity.2 To facilitate the interpretation of DTA results absolute numbers 
of true/false positives and true/false negatives can be presented in a hypothetical cohort of 
e.g. 1000 persons, which is also known as normalized frequencies.2 However, to calculate 
normalized frequencies a pretest probability (i.e. the disease prevalence in the hypothetical 
cohort) needs to be determined. The normalized frequencies are then calculated and reported, 
whereafter the diagnostic test’s end-user can interpret whether the test performance is 
acceptable in terms of true or false positives and negatives. Such normalized frequencies 
are usually presented in summary of findings tables in Cochrane DTA Reviews and in the 
evidence tables from the Grading of Recommendations Assessment, Development and 
Evaluation (GRADE).3

These normalized frequencies are not only important for clinicians, but also for guideline 
boards and policy makers. Decisions whether or not to recommend the use of a diagnostic test 
in a guideline or decisions about health care restitution may be influenced by the presented 
normalized frequencies. However, normalized frequencies are dependent on the chosen 
pretest probability. Using different pretest probabilities while the sensitivity and specificity 
remain constant may lead to an exaggeration of the estimated patient harms and/or benefits 
due to varying absolute numbers of (mis)classifications as calculated in the hypothetical 
cohort. Furthermore, the normalized frequencies from a hypothetical cohort can be more 
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directly compared when using identical pretest probabilities for multiple tests within a target 
condition. However, selecting an identical pretest probability for multiple meta-analyses in a 
single target condition could be challenging. The selected pretest probability might not lie in 
the prevalence range of every meta-analysis and, therefore, extrapolation of data may occur, 
potentially decreasing the certainty of the presented normalized frequencies.

While GRADE does not suggest a specific method to determine a pretest probability in 
its handbook3, 4 the Cochrane Handbook does propose some methods (e.g. the median 
disease prevalence or the prevalence from disease registries) although a rationale to use 
a specific method is not given.5  Because guidance in determining a pretest probability 
is minimally described, it is unknown what data sources (i.e. the data on which a pretest 
probability is based) and methods are actually used to determine a pretest probability in DTA 
reviews. Therefore, the aim of this study was to assess the data sources and methods used 
in a cohort of Cochrane DTA reviews to determine pretest probabilities for the facilitation 
of pooled DTA accuracy parameter interpretation and to provide some considerations for 
the use of normalized frequencies.  A secondary aim was to assess the use of identical 
pretest probabilities in multiple analyses within the same target condition, necessary for the 
comparison of test performances.

2. Methods
 
2.1 Cohort definition

The Cochrane Database of Systematic Reviews (CDSR) was accessed through the 
Cochrane Library. The Cochrane Collaboration has pioneered methods for DTA reviews 
and the CDSR contains DTA reviews since 2008.6, 7 Cochrane DTA reviews published in 
the period from 2008 up to and including January 2018 were potentially eligible to enter 
the cohort. To obtain DTA reviews the CDSR was browsed by the topic ‘Diagnosis’, while 
protocols and intervention or methodology reviews were excluded through limiters in the 
search engine interface. A DTA review was included in the cohort when it reported at 
least one meta-analytic estimate of sensitivity and/or specificity (i.e. either retrieved with a 
bivariate model or by using a hierarchical summary receiver operating characteristic model) 
as a primary analysis in the presented tables, which were usually summary of findings tables. 
The screening and selection of eligible DTA reviews was performed by one author (MSO) 
and checked by the other authors (KJ, RJPMS, LH). 

2.2 Data extraction

The method for determining the pretest probability itself was recorded. For example, this 
could be the use of the mean or median disease prevalence (from studies included for a target 
condition). General characteristics (e.g. title, publication year), the number of meta-analyses 
in the review, whether a pretest probability was used, the number of pretest probabilities 
used (if applicable), the source of data for determining the pretest probability, and the method 
used for selecting pretest probabilities (if applicable) were extracted by one author (MSO) 
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and checked by the other authors (KJ, RJPMS, LH). We only extracted data sources and 
methods for pretest probabilities from primary meta-analyses (usually presented in summary 
of findings tables). Meta-analyses with the purpose of being sensitivity analyses when 
excluding certain studies or with the purpose of heterogeneity analysis were not considered 
for data-extraction, even when they were presented in the summary of findings table. When 
a disease prevalence was reported but not used to interpret the sensitivity and/or specificity 
in some manner, the disease prevalence was not considered as a pretest probability.  
Descriptive statistics were performed in IBM SPSS Statistics for Windows (Version 21, 2012, 
Armonk, NY: IBM Corp.).

2.3 Categorization of data sources

The first step in the categorization of extracted data was to divide the included meta-
analyses into two groups; One group of analyses where no pretest probability was used and 
one group of analyses where a pretest probability was used. Next, for every meta-analysis 
that used a pretest probability the source of the pretest probability was determined. The 
pretest probability could be determined based on the studies that were included in the review, 
from external sources, or from author consensus. The data source of a pretest probability was 
categorized as unclear when the source could not be determined. Further categorization of 
data sources took place when the pretest probability was determined from included studies. 
Pretest probabilities used to interpret accuracy meta-analyses could then be determined 
from all studies included for the target condition, from all studies used per test/analysis for 
a target condition, from all included studies, from all included studies and from an unclear 

Figure 1. Cohort formation. Flow diagram showing the formation of the cohort and reasons for exclusion. CDSR: 
Cochrane Database of Systematic Reviews.
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source, from all included studies and from studies with a low risk of bias, or only from included 
studies that reported the disease prevalence. Further categorization also took place when 
the pretest probability was determined from external sources. Pretest probabilities could 
then be determined from published scientific literature, from the World Health Organization’s 
suggestions, or from a guideline. The data source of pretest probabilities was categorized as 
‘author consensus’ when a pretest probability was assumed by de review’s authors and not 
based on included studies or external sources. See Additional File 2 for a description and 
example of each category. Methods to determine a pretest probability from the observed 
data sources were recorded and counted. Methods in external sources were not recorded, 
since these methods were not used in the Cochrane DTA reviews but in the external source.

2.4 Identical pretest probabilities within a target 
condition

Target conditions in DTA reviews that had multiple meta-analyses for the same target 
condition were identified to observe the use of identical pretest probabilities. 

One author (MSO) extracted the following data from the multiple meta-analyses within a 
target condition: whether identical pretest probabilities were used for all of the meta-analyses 
within a target condition, and whether the prevalence ranges of all of the individual meta-
analyses for a target condition contained the selected identical pretest probability or not. 
When the prevalence range of individual meta-analyses in a single target condition did not 
contain the selected identical pretest probability, a justification by the review authors was 
sought in the review. Data extraction was checked by a second author (KJ). Prevalence 
ranges in individual meta-analyses were calculated from data in the DTA review’s appendices 
when not reported in the text.

3. Results
 
3.1 Cohort description

The CDSR contained 171 documents on the topic ‘Diagnosis’. There were 81 reviews 
left after excluding 88 review protocols and 2 reviews on interventions and methodology. 
After screening the full text an additional 22 DTA reviews were excluded as no meta-analytic 
results were presented (referenced in Additional File 1). Consequently, 59 Cochrane DTA 
reviews were included in the cohort (Figure 1 and Additional File 1). The 59 DTA reviews 
in the cohort contained 308 meta-analyses (see Table 1). The number of meta-analyses 
ranged from 1 to 34 (median: 3) per review. In 16 reviews (16/59, 27.1%) there were 150 meta-
analyses (150/308, 48.7%) that did not use a pretest probability. Thirty-nine reviews (39/59, 
66.1%) had 143 meta-analyses (143/308, 46.4%) where a pretest probability was used. Four 
reviews (4/59, 6.8%) contained 15 meta-analyses for which a pretest probability was used in 
5 analyses. Therefore, a total of 160 analyses (160/308, 51.9%) were found where no pretest 
probability was used and 148 analyses (148/308, 48.1%) were found where at least one 
pretest probability was used.



8

Data sources and methods to determine pretest probabilities

419

Table 1 – General characteristics

Re-
views 
(n)

Meta-ana-
lyses (n 
[% using 
a pretest 
probability])

Number of 
meta-analyses 
per DTA re-
view (median 
[range])

Number 
of pretest 
proba-
bilities 
used per 
meta-ana-
lysisa 
(median 
[range])

Cochrane DTA reviews
Total included DTA reviews 59 308 (48.1) 3 (1-34) 1 (1-6)

Reviews not using a pretest probability 
at all

16 150 (0) 4 (2-34) -a

Reviews using a pretest probability for all 
pooled analyses

39 143 (100) 3 (1-16) 1 (1-5)

Reviews reporting analyses with and 
without pretest probabilities

4 15 (33.3) 3.5 (3-5) 3 (1-6)

DTA: Diagnostic Test Accuracy, IQR: Interquartile Range
aCould not be calculated since there were no analyses using a pretest probability

3.2 Sources of pretest probabilities

In the 148 analyses in which a pretest probability was used three main categories of data 
sources were distinguished (Figure 2). In 90 (60.8%) of the 148 analyses the pretest probability 
was determined from included studies, in 26 analyses (26/148, 17.6%) from external sources, 
and from author consensus in 31 analyses (31/148, 20.9%). In one analysis the data source 
was unclear. When the included studies in the review were used to determine one or multiple 
pretest probabilities, the data source could be further differentiated. A pretest probability 
was determined from all studies included for a target condition in 40 analyses (40/90, 
44.4%), from studies used per test/analysis for a target condition in 22 analyses (22/90, 
24.4%), or from all studies in the systematic review in 18 analyses (18/90, 20%). Five other 
analyses (5/90, 5.6%) had multiple pretest probabilities where some were determined from 
all studies in the systematic reviews and some from an unclear source. Three analyses (3/90, 
3.3%) had multiple pretest probabilities, where some were obtained from all studies in the 
systematic review and some from the included low risk of bias studies. A pretest probability 
was determined in 2 analyses (2/90, 2.2%) from the studies that reported their prevalence. 
When the pretest probability was obtained from external sources, the data sources could 
also be further differentiated. In 14 analyses (14/26, 53.8%) the pretest probability was a 
disease prevalence reported in published scientific literature, in 10 analyses (10/26, 38.5%) 
a suggestion by the WHO, and in 2 analyses (2/26, 7.7%) a disease prevalence reported in 
a guideline.

3.3 Methods for determining a pretest probability

Pretest probabilities based on studies within the review were determined by using measures 
of central tendency (e.g. median) whether or not combined with measures of dispersion (e.g. 
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range). Using multiple methods resulted in multiple pretest probabilities for a single analysis 
(e.g. using a median with a range results in three pretest probabilities). The median was used 
individually in 64 analyses (64/90, 71.1%) or together with the interquartile range in 3 analyses 
(3/90, 3.3%), with the range in 1 analysis (1/90, 1.1%), with the range and interquartile range 
in 5 analyses (5/90, 5.6%), or together with other estimates of pretest probabilities for which 
the method was unclear in 5 analyses (5/90, 5.6%). The mean was used individually in 7 
analyses (7/90, 7.8%) or together with the range in 1 analysis (1/90, 1.1%). Figure 2 shows the 
methods per data source and the number of analyses in where these methods were used.

3.4 Identical pretest probabilities for multiple meta-
analyses within target conditions 

There were 41 target conditions having two or more analyses which might have used 
identical pretest probabilities to compare test performances for tests in the same diagnostic 
role within a target condition (Figure 3). Nine target conditions (9/41, 22%) did not have 
identical pretest probabilities in their analyses. One target condition (1/41, 2.4%) had six 
identical pretest probabilities for its two meta-analyses, however it was unclear whether the 
prevalence ranges of the two meta-analyses contained the pretest probability estimates. 
Thirty-two target conditions (32/41, 78%) had at least one identical pretest probability (range: 
1-6) that was used for all of the meta-analyses within their respective target condition. Sixty-
nine identical pretest probabilities within target conditions were identified. Thirty-seven 
pretest probabilities (37/69, 53.6%) fell in the prevalence range of all of the individual meta-
analyses within that target condition. However, 26 pretest probabilities (26/69, 37.7%) in 11 
DTA reviews fell outside the prevalence range from at least one meta-analysis within that 
target condition. In 5 of these 11 DTA reviews pretest probabilities were used to show test 
performances in different scenarios (i.e. referral scenarios, low/high risk scenarios, newly/
previously treated cases, geographical locations, adults/children). 

4. Discussion
 
4.1 Summary of key findings

A total of 59 Cochrane DTA reviews were included to assess the data sources and methods 
used to determine pretest probabilities and to assess the use of identical pretest probabilities 
in multiple analyses within a target condition. Various sources and methods to determine a 
pretest probability were found. Sixteen DTA reviews did not use a single pretest probability. 
Almost half of the observed meta-analyses used at least one pretest probability (range: 1-6 
pretest probabilities) to facilitate the interpretability of the results. The median was the most 
used method to determine a pretest probability. Thirty-nine target conditions contained two 
or more analyses and used at least one identical pretest probability for all of its analyses 
(range: 1-6 pretest probabilities). Twenty-six of the identical pretest probabilities (37.7%) fell 
outside the disease prevalence range of at least one analysis within the target condition.
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4.2 Interpretation of results

The Cochrane Handbook for Systematic Reviews of Diagnostic Test Accuracy proposes to 
use the median prevalence of the included studies or external sources as methods to select 
a pretest probability. 5 Indeed, the median was used more than any other method in Cochrane 
DTA reviews when the pretest probability was determined based on studied included in the 
review. External sources were also used in 26 analyses. The Cochrane Handbook also 
suggests the use of disease registries for selecting a representative pretest probability, 
but no such method was specifically mentioned in the included Cochrane DTA reviews. 
Observed prevalence from disease surveillance systems and epidemiological surveys 
by the WHO, however, might be interpreted as disease registries as well. The Cochrane 
Handbook states that a representative pretest probability may be derived from the included 
studies only when the studies are representative for the target setting,5 in which case the 
selected pretest probability will fall within the prevalence range of included studies. However, 
a pretest probability may be selected that falls outside the disease prevalence range from the 
included studies. This might also be the case when authors wish to use an identical pretest 
probability for several meta-analyses within the same target condition and use, for example, 
the median prevalence from all included studies for that target condition (e.g. the median 
of all included studies may fall outside some prevalence ranges when these ranges do not 
overlap sufficiently).  A pretest probability could be representative for the target setting, but 
it might not necessarily be an appropriate pretest probability in the context of the disease 
prevalence range from the included studies in a meta-analysis. When a representative pretest 
probability falls outside the disease prevalence range it might be considered indirect, since 
the observed data did not contain that pretest probability. When considering the observed 
data, a more data-appropriate pretest probability from within the disease prevalence range 
from the meta-analysis itself might be selected. Therefore, a representative and a data-
appropriate pretest probability are not necessarily the same (see Example 1 in Additional 
File 3). Appropriateness for the data in this case means to not extrapolate outside of the data 
in the meta-analysis, because there is uncertainty about the test’s performance outside the 
observed data.

4.3 Study limitations

A potential limitation of this study is that only Cochrane DTA reviews were included. Since 
the Cochrane Handbook proposes to use the median it was beforehand likely to observe 
that the median is being preferred in Cochrane DTA reviews. Different methods and data 
sources for determining pretest probabilities in non-Cochrane DTA reviews could have been 
missed. Furthermore, DTA review authors may also choose to aid the interpretation of non-
meta-analytic results. For example, normalized frequencies may also have been calculated 
for single DTA studies in the review. However, only the use of pretest probabilities in meta-
analyses was assessed in the current study. The potential issues regarding the data sources 
and methods for choosing a pretest probability remain the same for single studies as for 
meta-analytic estimates. Data sources and methods for determining pretest probabilities in 
the absence of a meta-analysis are therefore still unknown. However, when there were data 
sources or methods that this study did not address, it adds to the impression that there is 
no consensus on what data source and method to use for determining a representative or 
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appropriate pretest probability.  

4.4 Implications for using pretest probabilities

From the results of this study no clear guidance can be given on what source or what 
method should be used for determining a pretest probability. Furthermore, it is unknown 
if a pretest probability outside the disease prevalence range is problematic in clinical 
reality. Whether or not it is problematic may also be context dependent, as for some target 
conditions a certain number of misclassifications are more acceptable than for target 
conditions where misclassifications have severe downstream consequences. Even if it turns 
out to be clinically problematic in future research, it presently might still be best practice 
to facilitate the interpretability of diagnostic accuracy parameters by presenting normalized 
frequencies. Furthermore, there are some considerations which may be taken in to account 
when presenting results in DTA reviews.

First to consider is whether to provide a way for end-users to interpret the presented 
accuracy parameters, as it was observed in this study that about half of all meta-analyses 
were not accompanied with normalized frequencies from a hypothetical cohort. Literature 
shows that interpreting diagnostic test accuracy parameters may be troublesome for its 
users and therefore normalized frequencies may be useful.2 However, choosing pretest 
probabilities to calculate normalized frequencies is not without difficulties and therefore it is 
uncertain whether normalized frequencies are trustworthy enough for all decision-making 
(see the second consideration). The need for interpretability versus the certainty of and need 
for a truthful representation might determine whether normalized frequencies are calculated.  
We might accept more or less certainty in the normalized frequencies depending on their 
degree of indirectness and the severity of downstream consequences for misclassifications 
(see Example 2 in Additional File 3). However, not facilitating the interpretation of accuracy 
parameters also complicates the judgement by clinicians, policy makers, and guideline 
boards whether to use the diagnostic test.

Secondly, consider giving thought about the influence of the method of selecting the 
pretest probability on the normalized frequencies from the hypothetical cohort. A guideline 
board may base their decision about whether or not to recommend a test for clinical practice 
on the presented normalized frequencies. It is important to understand that different pretest 
probabilities will result in different normalized frequencies while the sensitivity and specificity 
remain constant (see Example 3 in Additional File 3), potentially influencing the decision-
making in practice, policy or guidelines. 

Thirdly, when there are multiple meta-analyses for the same target condition, consider 
whether to use an identical pretest probability in each of those analyses so that the normalized 
frequencies can be compared. Ideally the selected pretest probabilities fall inside all of the 
disease prevalence ranges from all individual meta-analyses within the target condition, 
although this might not be feasible for every scenario (e.g. when the disease prevalence 
ranges from the meta-analyses do not overlap). However, from this study no guidance can be 
provided on whether an identical pretest probability is suitable for all of the disease prevalence 
ranges in the analyses, even when the pretest probability falls inside all prevalence ranges.
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Figure 3. Identical pretest probabilities within target conditions. The figure shows the number of target 
conditions with two or more analyses and the use of identical pretest probabilities for all of the meta-analyses within 
a target condition. Black bars indicate the number of pretest probabilities that were outside the prevalence range of 
at least one meta-analysis for the target condition. White bars indicate the number of pretest probabilities that were 
inside the prevalence ranges of all individual meta-analyses for that specific target condition. The gray bar indicates 
that it was unclear whether these identical pretest probabilities were inside or outside the disease prevalence ranges. 
No bars were drawn in the figure when there were no identical pretest probabilities used for all of the meta-analyses 
within a target condition. DTA: Diagnostic Test Accuracy, TC: Target Condition
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Providing clinicians, policy makers, and guideline boards with methods to facilitate the 
interpretation of DTA results is not only important for them, but ultimately also for patients 
who undergo diagnostic tests. Different pretest probabilities will result in different normalized 
frequencies. However, it is not known whether differences in normalized frequencies 
caused by the use of different pretest probabilities actually impacts decision-making and 
whether it will then clinically harm of benefit patients. The future direction of research in this 
area could focus on whether different pretest probabilities will actually result in a different 
clinical decision, guideline recommendation, or policy change. Furthermore, future research 
could focus on developing other strategies for accuracy parameters so that they are both 
interpretable and helpful when research shows that calculating normalized frequencies may 
not be beneficial for actual decision-making by clinicians, policy makers, or guideline boards.

5. Conclusions

Various data sources and methods are used to obtain pretest probabilities, without 
consensus on which data source or method to use. Identical pretest probabilities were 
used in some DTA reviews, where test performances for a target condition could be directly 
compared in about half of the identical pretest probabilities. The certainty of presented data 
calculated with pretest probabilities is influenced by indirectness. Indirectness is probably 
more acceptable in situations where there are less severe downstream consequences, but 
the reduction of certainty should be acknowledged. There are three considerations that 
might be taken in to account when presenting DTA results: consider whether or not to present 
normalized frequencies from a hypothetical cohort; consider the influence of the chosen 
method for selecting a pretest probability on the normalized frequencies on which a clinical 
decision, guideline recommendation or policy change may be based, and consider to use 
identical pretest probabilities that fall within the range of the selected studies when there are 
multiple meta-analyses for the same target condition.
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Additional file 2
Examples of data source categories

From included studies
From all studies included for the target condition 

There are multiple target conditions in the systematic review and a target condition has one 
or multiple index tests. All studies from all analyses for a single target condition were used to 
determine a pretest probability. See Lenza et al. (2013) for an example.1

From studies used per test/analysis for a target condition
A target condition has multiple index tests. For each analysis of the index test the included 

studies for that index test were used to determine a pretest probability. See Colli et al. (2017) 
for an example.2

From all studies in the systematic review across all target conditions
A review used all of the included studies for analyses across all of the target conditions to 

determine a pretest probability. Analyses were also placed in this category if there was only 
one target condition defined in the systematic review and a pretest probability was determined 
from all included studies for that target condition, unless specifically stated otherwise by the 
authors. See Leeflang et al. (2015) for an example.3

From all studies in the systematic review and from an unclear source
An analysis used two pretest probabilities to calculate normalized frequencies. One of the 

pretest probabilities was determined from all of the included studies for analyses across all 
target conditions, while the other pretest probability had an unclear data source. See Abba 
et al. (2011) for an example.4

 From all studies in the systematic review and only from studies with a low risk of bias
An analysis used two pretest probabilities to calculate normalized frequencies. One 

pretest probability was determined by all of the included studies for analyses across all target 
conditions, while the other pretest probability was calculated solely from studies with a low 
risk of bias. See Colli at al. (2014) for an example.5

Only from included studies that reported the disease prevalence
Only studies that reported their sample’s disease prevalence were used to determine the 

pretest probability. See Ritchie et al. (2017) for an example.6

From external sources
From published scientific literature

The pretest probability used in the systematic review was based on or informed by the 
disease prevalence as reported in published scientific literature. See Wijedoru et al. (2017) 
for an example.7

From a WHO suggestion
The pretest probability used in the systematic review was based on or informed by the 
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disease prevalence as suggested by the WHO. See Steingart et al. (2014) for an example.8

From a guideline
The pretest probability used in the systematic review was based on or informed by the 

disease prevalence as reported in a guideline. See Wang et al. (2011) for an example.9

Author consensus
It was considered author consensus when authors determined a pretest probability based 

on an assumption while not calculated from included studies or taken from external sources 
(including suggestions from external parties). See Shaikj et al. (2016) for an example.10
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Additional file 3
 
Examples

Example 1 – Representativeness for a setting and data-appropri-
ateness

DTA review authors may choose to use a pretest probability that is representative for the 
setting in which the diagnostic test is used. However, this representative pretest probability 
may fall outside the disease prevalence range from the observed data. External estimates 
of prevalence might be used when included studies do not match the population to which 
the test is to be applied in practice. The review authors then need to justify their choice and 
should acknowledge that there might be more uncertainty in their conclusion in relation to the 
downstream consequences of using the test in a hypothetical cohort. Although the pretest 
probability is representative for their target population (or setting), the meta-analysis of test 
performance measures includes studies that potentially do not closely match their situation. 
We know that patient spectrum affects prevalence, and therefore also performance measures 
as sensitivity and specificity. Using external pretest probabilities may lead to exaggeration 
or underestimation of the patient harms or benefits in the hypothetical cohort. Even when 
there is high confidence in the pooled accuracy estimates (e.g. assessed with GRADE), 
there might possibly be some indirectness in the calculations made with pretest probabilities 
outside the disease prevalence range.

For example, in the Cochrane DTA review by Wijedoru et al. (2017)1 there were 5 meta-
analytic results presented in the summary of findings table for diagnostic tests in (para)
typhoid fever. Three representative pretest probabilities were selected by the review 
authors for geographical regions and populations: 1% for children in Africa, 10% for adults 
and children in Africa, and 30% for Asia. The prevalence range for each meta-analysis is 
shown in Figure A1. From the figure we can see that the prevalence ranges of all meta-
analyses contain the representative pretest probabilities of 10% and 30%. Both pretest 
probabilities are appropriate for the observed data as well, since the prevalence ranges of 
all the meta-analyses contain both 10% and 30%. For children in Africa the representative 
pretest probability is 1%. The prevalence ranges from three meta-analyses contain this 
representative pretest probability and are, therefore, appropriate for the data in these three 
analyses. The representative pretest probability of 1% is not appropriate in the context of the 
observed data in the Typhidot (subset 2) and Test-it analyses, since the disease prevalence 
ranges of both meta-analyses did not contain the representative pretest probability of 1%. 
Therefore, the normalized frequencies are calculated using the pooled accuracy estimates 
that are not based on data about the test’s performance at a prevalence of 1%. Nonetheless, 
the choice and justification to use the pretest probability of 1% is legitimate and it is unsure 
whether presenting normalized frequencies with pretest probabilities outside the prevalence 
range is actually harmful in clinical reality.

Example 2 – The need for interpretability versus the certainty of 
the data

Several situations might lower the confidence in the certainty of calculated downstream 
consequences (effects) of test usage. However, the need for high certainty/confidence 
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depends on the severity of the downstream consequences of misclassifications by the 
diagnostic test. When these consequences are severe, it seems crucial to have a high 
confidence in the calculated data with pretest probabilities. In this situation the need for 
certainty may outweigh the need for interpretability. When there is low confidence in 
the calculated data by using pretest probabilities, it sometimes might seem better not to 
present normalized frequencies. However, not presenting normalized frequencies for the 
interpretation of accuracy parameters may complicate the judgement of clinicians, policy 
makers, and guideline boards whether to use the diagnostic test or not as well. 

Rotator cuff example
The accuracy for diagnosing any rotator cuff (i.e. shoulder muscles) tears in persons for 

whom surgery is considered of MRI and ultrasound was assessed in a Cochrane review 
by Lenza et al. (2013).2 False negative misclassifications might lead to untreated rotator 
cuff tears with persisting complaints (i.e. pain, limited shoulder movement), while false 
positive misclassifications may ultimately lead to unnecessary surgical shoulder incisions 
and further diagnostic testing. The downstream consequences of misclassifications are very 
inconvenient at least but are not affecting more serious events such as mortality. Therefore, 
we might accept more uncertainty from the data calculated with pretest probabilities to 
aid the interpretation of accuracy parameters. In Table A1, we have calculated normalized 
frequencies with a representative pretest probability for rotator cuff tears in symptomatic 
shoulders in the Japanese general population. There may be indirectness because of 
the population (i.e. Japanese), because of the target condition (symptomatic shoulder 
versus persons suspected of rotator cuff tears whom were considered for surgery), and 
the prevalence range of the MRI meta-analysis did not contain the pretest probability (the 
prevalence ranged from 50% to 96%). When the downstream consequences are considered 
acceptable and not severe, such indirectness might be acceptable for the interpretation of 

Figure A1. Prevalence ranges of meta-analyses within a target condition. Black lines represent the prevalence 
range; Red dotted lines represent the pretest probabilities at 1%, 10%, and 30% selected by the review authors.
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these normalized frequencies to decide whether or not to use MRI for diagnosing rotator cuff 
tears in symptomatic shoulders in the Japanese population. Especially when this is the best 
evidence available for that particular setting.

Table A1 – Normalized frequencies for MRI diagnosing any rotator cuff tear in symptomatic shoulders 
in the general Japanese population

MRI for detecting any rotator cuff tears in a hypothetical cohort of n=1000 
Summary sensitivity: 98%
Summary specificity: 79%

Pretest probability True positive False positive False negative True negative

36% (symptomatic 
shoulders)1 353 134 7 506

1In the Japanese general population, from Yamamoto et al. (2010)3

Cancerous pancreatic lesion example
In the DTA review by Best et al. (2017)4 imaging modalities for pancreatic lesions were 

analyzed. Misclassifications of cancerous pancreatic lesions have severe consequences. 
False negative misclassifications might lead to tumor growth and early death, while false 
positives might lead to psychological distress, unnecessary treatment, and intervention 
induced complications. Different (appropriate) pretest probabilities may yield very different 
test performances in a somewhat wide prevalence range (see Example 3) and even small 
differences in false negatives might influence the decision whether or not to use a certain 
imaging modality in cancerous pancreatic lesions. The presented data calculated from 
pretest probabilities should then be interpreted at least with caution due to the severity of 
consequences in misclassifications. The review authors included three studies for PET 
diagnosing cancerous versus benign pancreatic lesions. The prevalence was 63%, 80%, and 
82% in these studies and we calculated normalized frequencies with these pretest probabilities 
(see table A2). We also calculated normalized frequencies for the prevalence in a hospital 
setting (30.4%, Walter et al. [2016]5). The prevalence range of the PET meta-analysis (63-
82%) did not contain the 30.4% pretest probability. Therefore, the pooled accuracy estimates 
do not contain data about the test performance at the hospital setting pretest probability and 
there might possibly be some indirectness. It is now the question whether we believe that 
the normalized frequencies are a truthful (enough) representation of the test’s performance 
considering the severe downstream consequences of misclassifications.

Example 3 – Varying normalized frequencies in high grade vesico-
ureteral reflux

In the Cochrane DTA review of Shaikh et al. (2016)6 summary sensitivity and specificity 
were obtained for both ultrasound and dimercaptosuccinic acid renal scans used for detecting 
vesicoureteral reflux. The authors assumed a pretest probability of 13% in a hypothetical 
cohort of n=1000 for high grade vesicoureteral reflux. We used the data of the ultrasound 
analysis for high grade vesicoureteral reflux to calculate the mean, median, interquartile 
range (IQR), and the range of the disease prevalence and calculated the accompanying 



8

Chapter 8

444

normalized frequencies. The authors were able to include 11 studies (2498 participants) 
in the ultrasound analysis for high grade vesicoureteral reflux. This resulted in a summary 
sensitivity and specificity of 59% and 79%, respectively. From the data of the analysis (test 
2 on page 115 of the DTA review), the disease prevalence of the included studies for the 
ultrasound analysis were calculated: 8%, 9.1%, 9.3%, 15.6%, 16.6%, 17.7%, 19.5%, 20,1%, 
21,2%, 23.9%, 31%

Therefore:
Range lower limit = 8%
IQR lower limit = 9.3%
Assumed = 13%
Mean = 17.5%
Median = 17.7%
IQR upper limit = 21.2%
Range upper limit = 31%

Calculating the normalized frequencies
The mean, median, interquartile range, range and the assumed pretest probability were 

used as pretest probabilities when calculating the normalized frequencies. The sensitivity 
and specificity used in these calculations will remain unchanged. With this we show that 
normalized frequencies vary when using different pretest probabilities determined by various 
methods (see Table A3).
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Table A2 – Normalized frequencies for PET diagnosing cancerous pancreatic lesions (cancerous vs. 
benign)

PET for detecting pancreatic lesions (cancerous vs. benign) in a hypothetical cohort of n=1000 
Summary sensitivity: 92%
Summary specificity: 65%

Pretest probability
True positive False positive False negative True negative

80% (median) 736 70 64 130

30.4% (hospital 
setting)1 280 244 24 452

1Proportion of persons suspected of pancreatic cancer in a hospital setting diagnosed with pancreatic 
cancer, from Walter et al. 20165

Table A3 – Normalized frequencies for various pretest probabilities while the sensitivity and specificity 
remain constant

Ultrasound for detecting high grade vesicoureteral reflux in a hypothetical cohort of n=1000 
Summary sensitivity: 59%
Summary specificity: 79%

Pretest probability
True positive False positive False negative True negative

8% (range lower limit) 47 193 33 727

9.3% (IQR lower limit) 55 190 38 717

13% (assumed) 77 183 53 687

17.5% (mean) 103 173 72 652

17.7% (median) 104 173 73 650

21.2% (IQR upper limit) 125 165 87 623

31% (range upper limit) 183 145 127 545

IQR: interquartile range
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1. A thesis for future healthcare 
ecosystems

The current thesis provides an initial step into frameworks and tools to support real-world 
processes in a healthcare ecosystem. As we envision well-functioning ecosystems, this 
thesis lays a blueprint. It outlines the next steps necessary for individual organizations to pivot 
towards processes supporting their role and responsibilities in a broader, interconnected 
network of organizations – a network that will ultimately evolve into a fully realized healthcare 
ecosystem.

In Chapter two a large, overarching healthcare ecosystem was envisioned. An evidence 
ecosystem and learning healthcare system together have mutual beneficial associations. 
With well-coordinated processes, they can become symbiotic. This chapter described a 
model where the evidence ecosystem and the learning healthcare system are integrated 
into a Symbiotic Healthcare Ecosystem (SHE) framework and identified the entities within 
the system. Such framework could be used as a blueprint to speed up and improve complex 
processes in the pathway from evidence generation to implementation and learning, thereby 
identifying critical stakeholders, pathways, infrastructure, and products. Lots of different 
clinical questions arise in a SHE, many of which are not ideally suited for investigation through 
a randomized controlled trial. Consequently, relying solely on evaluations of care using real-
world data may prove insufficient to immediately change current practice or introduce new 
interventions. However, real-world data can still be used to examine the claims made in the 
contextualized evidence and to form new hypotheses to future research. Yet, it’s important 
to recognize that the current inefficiencies in these pathways are multifaceted, and not all 
delays from data generation to implementation are unnecessary. For example, we might 
need to accept that (re)producing primary data and rigorous developing of systematic reviews 
or guidelines take a certain amount of time before reaching a level of certainty deemed 
acceptable for integration into clinical practice. However, unnecessary delays should be 
prevented in the SHE. Chapters three to eight and their lessons learnt are discussed in the 
context of Chapter two, that is, in the context of a SHE.

Chapter three provided a framework to evaluate best practices. A thorough evaluation 
of a best practice provides the opportunity to learn and improve, as a basis of a learning 
healthcare organization. The framework helps to understand what important aspects of a 
practice in a hospital setting could be evaluated and helps to identify transferable aspects. 
In this chapter, it can be learned that a practice has three important categories (i.e., culture, 
resources, and learning) over three axes (i.e., outcomes, process, and learning). By utilizing 
these categories and axes within this framework, organizations gain a deeper understanding 
of their practices within their unique contexts, facilitating the identification of transferable 
elements that can benefit other healthcare practices within a SHE. Furthermore, to harness 
the collective learning potential within a SHE, it’s imperative that information about best 
practices is readily shareable among participating organizations. To facilitate this knowledge 
exchange, a tool based on indicators outlined in the framework was provided to assist in the 
learning process. This enables other healthcare practices to use this as mirroring information, 
allowing them to reflect on and learn from it. In the context of Chapter two, we have learned 
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that practices need to be connected in a network, need to have access to infrastructure, and 
be able to communicate with each other. This is pivotal in fostering collaboration and driving 
continuous improvement across the healthcare ecosystem.

The framework presented in Chapter four helps to design real-world processes to let 
products (e.g., systematic reviews and clinical practice guidelines) continuously reflect 
the latest state of scientific knowledge and clinical practice. This might be achieved by a 
continuous maintenance cycle. Failing to maintain products over time in the SHE can lead 
to outdated products being used to inform clinical decisions at the point of care. The chapter 
addressed this responsibility in a SHE from the perspective of evidence synthesizing and 
guideline developing organizations. In this chapter, it was illustrated how such cyclical 
processes are not just updating strategies. Instead, such a process could be a broader 
maintenance strategy for a whole portfolio of systematic reviews or guidelines circulating 
within the SHE. Assessing the need for updating and performing updates is just one of 
the pathways in a larger maintenance strategy to continuously perform maintenance on 
the portfolio. For example, other management option can include withdrawal, archiving, or 
deferring, even when the guideline is not outdated. This framework draws parallels to clinical 
diagnostic test-treatment strategies, where multiple treatment options are available, and the 
choice of treatment is guided on information obtained from diagnostic tests. Subsequent 
monitoring at specific intervals thereafter triggers re-assessments. Alternative test and 
monitoring options can be tailored to suit various organizational requirements and contexts. 
Designing a maintenance strategy that is capable of adequately maintaining a portfolio could 
increases trust in the SHE. Trust is very important for the end-users who need to rely on 
accurate, up-to-date information for clinical decision-making, necessitating products that 
consistently reflect the latest state of scientific knowledge and clinical practice. Obviously, 
maintaining products within a SHE is only meaningful when these products successfully 
reach the end-user. Therefore, the organizations developing products and the end-users 
need to be connected in a network (such as described in Chapter two) with an infrastructure 
to ensure fast communication (e.g., to exchange information and products) with each other.

Chapter five continued to extend the framework presented in Chapter four with adding 
priority-setting assessments to maintenance strategies. Priority-setting is essential when 
dealing with a system in which resources are limited. This chapter illustrated how the outcome 
level and position of the priority-setting assessments in a maintenance strategy influences 
its performance. Priority-setting assessment outcomes will steer in which systematic reviews 
or guidelines resources need to be invested in. Chapter four and five together demonstrate 
that priority-setting is a different construct than assessing the need for updating. The need 
for updating concerns testing for indications (i.e., staging) whether an update is needed. 
Priority-setting, however, tries to identify a set or individual items which have more priority 
over another set or individual items. However, if the evidence synthesizing and evidence 
translating organizations do not prioritize their products for maintenance, they fail their 
responsibility in a SHE. This might lead to outdated products being used to make healthcare 
decisions at the point of care, affecting both patients and clinicians. Placing Chapters four 
and five in the context of Chapter two, we have learned that organizations may need to adjust 
their current internal processes and pivot towards such cyclical maintenance processes that 
respect resource limitations and meet the responsibility of continuously letting their products 
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reflect the latest state of scientific knowledge and clinical practice. With Chapters four and 
five together, systematic review or guideline developing organizations now have a framework 
to do so. However, they may require additional guidance to facilitate and conduct their real-
world priority-setting assessments from this perspective.

Chapter six builds upon previous chapters. From Chapters two, four, and five, it was 
learned that these priority-setting assessments and their supporting tools should be flexible 
enough to meet the varying unique contexts and needs the organizations operate in. Chapter 
six provided guidance and a tool to operationalize real-world priority-setting assessments. 
The presented frame of reference aimed to help to understand and structure new and existing 
priority-setting assessments. The accompanied RE-weighted Priority-Setting (REPS)-
tool is a flexible tool to determine the level of priority in such assessments. This chapter 
illustrated how priority-setting assessments consist of three main components chained 
together: process components (procedural steps), function components (a mechanism or 
set of rules to define the level of priority), and an outcome component (final outcome of the 
priority-setting assessment). From this, it can be understood how the REPS-tool is a function 
component in a priority-setting assessment, using the re-weighted range voting mechanism 
to define the level of priority. Any procedural component before using the REPS-tool can be 
used as long as the procedures lead to the correct input format for the tool (i.e., one score 
per participant per item). This is important, as organizations in a SHE operate in different 
contexts, with different stakeholders, have variable resources, and have different needs 
which may need different processes. Any item can be prioritized in the REPS-tool, although 
examples in this chapter concern guideline key questions only. The output of the REPS-tool 
can immediately be used as the outcome of the priority-setting assessment, or any process 
component after using the tool can lead to the definitive outcome of the assessment. The 
re-weighted range voting mechanism furthermore ensured a proportional representation, 
while its adjusted mechanism allows for a disproportional representation. This is important 
when imbalances in the representation of the priority-setting assessment’s participants 
underexpose important perspectives from less represented participants. The REPS-tool’s 
output is reproducible to ensure transparency and trust in its output. The tool can be utilized in 
a priority-setting assessment in a maintenance strategy, such as described in Chapter five, 
aiding organizations in a SHE to determine which of their products have the most priority to 
spend their limited resources on. This could further support real-world cyclical maintenance 
processes while acknowledging resource constraints. 

Once new topics are prioritized for development or existing topics for updating, it is more 
resource efficient to (re)use each other’s efforts. This requires coordination and communication 
between entities and their actors in a SHE. Chapter seven described a real-world example 
of how the evidence synthesizing and translating entities were bridged. In this connection, 
spent efforts in systematic review development were reused in the development of a clinical 
practice guideline. The chapter demonstrates that transparent and complete reporting in 
one entity is important to reuse the efforts of producing a quality product in another entity. 
Reusing each other’s efforts in a SHE is important to prevent unnecessary duplicate work 
and thus be more efficient with available resources. Observing Chapter seven through the 
lens of Chapter two, such connections require trust and communication between evidence 
synthesizers and guideline developers in a sense that the systematic review is developed 
rigorously while its information is packaged in a form that is relevant, easily sharable, 
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“If home building were like healthcare, carpenters, electricians, and plumbers 
each would work with different blueprints with very little coordination.” 1

accessible, and usable by the evidence translator (e.g., the guideline developer).

However, communication within a SHE that only results in sharable information and 
products reaching the end-user is not enough. One of the most important steps in a SHE is 
communicating data and products in an interpretable manner for their end-users. Chapter 
eight describes how the (summary) diagnostic accuracy parameters can be translated 
through a hypothetical cohort to interpret these parameters. This, however, requires the 
selection of a pretest probability, which influences the number of (mis)classifications in the 
hypothetical cohort. The chapter gathers methods how Cochrane Diagnostic Test Accuracy 
Reviews have selected their pretest probabilities and discusses some considerations when 
selecting a supposedly appropriate pretest probability to communicate accuracy findings to 
the end-users (e.g., clinicians). This chapter argues that some indirectness in the translation 
of diagnostic accuracy parameters is unavoidable this way. The indirectness concerns the 
(summary) sensitivity and specificity being fixed over a range of representative pretest 
probabilities in the hypothetical cohort, where in reality they may vary from the (summary) 
sensitivity and specificity. In the context of a SHE, it may nonetheless be important to try and 
communicate findings in an interpretable manner to end-users despite some indirectness 
rather than communicating difficult-to-interpret parameters. Infrastructure needs to be in 
place so that end-users and producers of products are connected in a SHE, making sure that 
data and products are sharable with end-users. Co-creation in the SHE could support the 
relevant packaging of information to increase usability and interpretability for the end-user. 
By doing so, products in the SHE could match with the need of end-users to make informed 
(clinical) decisions based on (translated) products.

Re-iterating the 2013 Institute of Medicine’s quote, we need to make sure a future SHE has 
a clear plan with contributing goals:

In this analogy, our carpenters, electricians, and plumbers (e.g., clinicians, patients, 
researchers, synthesizers, translators, implementors) need to have the same blueprint (i.e., 
a well-defined strategy with contributing goals) and need to determine who does what and 
when (i.e., coordinated). However, through this thesis, we have learned that actors involved 
in “home building” also needs to be connected, communicating, and trusted. We extend this 
analogy by adding that these actors also need to be able to find and know each other to be 
connected, need to talk to each other in same language to be communicating, and need to 
perform their role and responsibilities according to construction standards on a regular basis 
to be trusted.
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2. The symbiotic healthcare ecosystem
 
2.1 A well-defined strategy with contributing goals in the 
system

Visualizing a new or existing network of organizations by using the SHE-framework 
(Chapter two) helps in creating a blueprint for all the participating actors in the healthcare 
network. This increases the understanding that the learning healthcare system2-6 and the 
evidence ecosystem6-10 are not separated systems. Instead, they have mutual beneficial 
associations, making the systems symbiotically interact with each other as if they are one 
single, larger system. The overarching goal of the SHE system is to consistently deliver the 
best care to patients. This overarching goal implies that the system should continuously 
evaluate, learn, and improve upon itself over time to continuously keep providing the best 
care. This commitment to learning and improving goes for both the learning healthcare 
system-part and the evidence ecosystem-part of a SHE.  

Although evaluation (analyzing) and learning are already prominent elements in the 
learning healthcare system,2, 3 the evidence ecosystem does need to learn and improve as 
well. Over time we already have seen developments in, for example, experimental research 
design,11 in introducing reporting guidelines (e.g., CONSORT,12 PRISMA13), in systematic 
review methodology (the online Cochrane Handbook’s is currently on its 6th version [v6.4]14), 
in methods correcting for confounding in observational studies,15 and in network meta-
analyses,16 indicating that the evidence ecosystem-part also seems well capable of learning 
and improving to support delivering the best care to patients. The SHEs overarching goal, 
however, may never be reached despite all improvements in both sub-systems. In reality, it 
might be a never-ending cycle of evaluation, learning, and improvement. 

Interpreting the overarching goal as an ideal, the system, as in every ecosystem, may try to 
obtain some form of homeostasis instead. That is, a balance in preferred positive outcomes 
and (un)acceptable negative outcomes being considered important at that point in time as 
the best possible care. This balance of positive and negative outcomes may be reflected in 
a best practice for healthcare provision, where all efforts by entities in a SHE are combined 
to provide the best available care at that moment in time. Once a practice is identified as a 
best practice, we can use the framework and tool described in Chapter three to evaluate 
this practice on the culture, resources, and learning domains. This information can thereafter 
be used to learn from by other practices once shared across the SHE. Thus, positive and 
negative outcomes of the delivered best available care may be measured at the point of 
care in the learning healthcare system-part of a SHE by measuring patient and disease 
relevant outcomes. However, outcomes also need to be interpreted in a broader sense 
(e.g., resource costs, healthcare provider well-being, culture, ability to learn). Changing 
perspectives on preferred positive outcomes and (un)acceptable negative outcomes, or 
their balance, might disrupt the system and cause adaptations (e.g., significantly altering 
processes and procedures within and between organizations in a SHE) to thereafter reach 
a form of homeostasis again. These disruptions can depend on (societal) values and ethics 
over time. As a society, we currently may not find expensive medication relative to small gains 
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acceptable for example, although, this might be different for other societies and cultures or 
even change over time. This accentuates how global evidence in the evidence ecosystem 
is translated to the local context for application at the local point of care (e.g., in a specific 
society with a specific culture and healthcare system) in a SHE.

The difference in levels of the two sub-systems in a SHE underscores a helpful benefit. 
Since global evidence is translated to a local context and healthcare is provided in a local 
context, all data gathered in this local context could be used to evaluate whether the claims 
made in the global evidence substantiating the translated products actually may hold true in 
the local practice. Chapter two briefly discussed how care could be evaluated by simulating 
target trials with observational data17, 18 gathered from routine care to provide real-world 
evidence. Even though there still may be some difficulties in this methodology18 (e.g., residual 
confounding), it might currently be the best method for causal inference using observational 
data.17 With that, it might provide an accurate enough estimate to understand whether claims 
may hold true in the localized context. 

Goals of individual organizations should contribute to the overarching goal of the 
ecosystem, even when they not directly interact with care provision in a ‘patient-clinician 
interaction’ sense. Individual goals may concern setting (pre)conditions that influence the 
system’s ability to reach its overarching goal. However, organizational objectives do not 
necessarily need to align, as they may coincide within an ecosystem due to differences 
in roles and responsibilities. For example, guideline developers might aim to describe 
the best care in their guidelines regardless of its restitution or costs, while governmental 
policymakers and healthcare insurers within the healthcare ecosystem seek to manage 
healthcare expenses. Even though the overarching goal may be shared (i.e., provide the 
best care), the organizations have different objectives interacting with the system’s ability 
to reach its overarching goal, whereafter homeostasis may be found: providing the best 
available care while taking into account both restitution and available resources. Therefore, 
the system would find homeostasis through contributing goals rather than striving for shared 
or aligned goals, despite the likelihood that the overarching goal is probably shared among 
all participating organizations and entities in the healthcare ecosystem.

2.2 Communication and coordination in a connected system

A first step for a connected and coordinated network is identifying and being explicit about 
each participating organization’s role and responsibilities in the SHE. From there, it needs 
to be derived which entities are capable to perform certain actions and develop certain 
products. Thereafter, it could be asked ‘for who?’ and ‘who to involve?’ to identify important 
links between organizations fostering co-operation, co-creation, and the identification of 
(end-)users of the organization’s products. The SHE-framework in Chapter two helps in 
identifying important links and relations. Different organizations and stakeholders in the 
evidence ecosystem-part of a SHE develop various products. For example, the research 
entity produces primary data and research reports, the evidence synthesis community 
produces (systematic) reviews, and the evidence translating community may produce clinical 
practice guidelines. These efforts, however, are currently performed siloed.19 
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In Chapter seven we have provided a real-world example of how a bridge between 
evidence synthesizers and guideline developers had benefits. The developed guideline 
segment reused the efforts in two Cochrane reviews20, 21 produced in the evidence synthesis 
entity. Reusing these efforts enabled the identification of three primary studies22-24 for a 
subgroup of patients with a rare disease, instead of re-doing the same search strategy and 
literature selection. It was fortunate enough that, in the absence of a functioning evidence 
ecosystem, these high-quality Cochrane reviews were found and that some of their data 
was accessible and helpful. For effective coordination within a SHE, governing bodies would 
probably need to establish minimal acceptable practices for the development systematic 
reviews, such as adhering to the PRISMA-statement,13 and ensuring data availability and 
accessibility. Similarly, guidelines can be guided by standards like AGREE-II.25. Additionally, 
organizations in the evidence synthesizing and translating entities would need to establish 
consensus for reporting their products in formats that are exchangeable and usable. Besides 
reusing each other’s data and products, both entities could align their efforts in a SHE. 
Here, the guideline developing organization involves the evidence synthesizing entity in 
their planning of developing systematic review-substantiated guideline segments (‘who to 
involve?’), and the evidence synthesizing entity produces commissioned systematic reviews 
for the evidence translating entity (‘for who?’). This aligns efforts and maximizes the potential 
impact within the SHE.

Adhering to reporting guidelines in a SHE is a first step. It is also important to consider how 
data in various products can be packaged and exchanged. Products, such as clinical practice 
guidelines and systematic reviews, are being developed from smaller pieces of information. 
When this information is compartmentalized, information blocks emerge in a SHE. For 
example, a guideline can be compartmentalized into multiple guideline segments. These 
information blocks can be defined and developed in such a way that they are immediately 
relevant for other organizations in the system. A marketplace-like database on a digital 
platform could enable the exchange of such blocks across a SHE (see Chapter two). Figure 
1 shows how a collection of information blocks resembles some of the products in a SHE and 
how they are associated with each other. As shown in Figure 1, a clinical practice guideline 
segment can be compartmentalized in blocks containing the key question, a systematic 
review, deliberations or structured evidence-to-decision,26 a body of recommendations, a 
reference list, and identified knowledge gaps that prevent (stronger) clinical policies. 

Some information blocks may encompass multiple sub-blocks, containing smaller 
pieces of information. For example, the body of recommendations information block. 
This block encompasses all recommendations and may include grouped blocks detailing 
the recommendation, its rationale, as well as its strength and/ or direction (see Figure 
2). Compartmentalizing such data and storing it in a database could enable an effortless 
overview of the information in clinical practice guidelines, including recommendations, their 
rationale, and their strength and direction in the organization’s portfolio. For the organization 
it is helpful for structuring de data stored in their database. Such structure provides several 
other benefits. It also offers a structure for database research. For example, the organization 
can then easily query the database for the number of strong or weak recommendations in 
their portfolio. It may also offer some freedom in communicating the data to their end-user 
in clinical practice. When compartmentalized, there is freedom to present the information 
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Pathology assessment: cytology vs histology

Key question

Systematic review

Deliberation

Body of recommendations

Reference list

Knowledge gaps

Body of evidence appraisal

Critical appraisal of individual studies

Search strategy and retrieval
Literature research question

Reference list
Literature conclusions

Data (extraction)

Study selection and description

(Meta-) analyses

Syntax and codebook

Dataset

Research question

Management of lymph nodes: observation vs. resection

Surgical resection of the primary tumor: procedure A vs. B

Indications for referral to internal medicine and how to refer

PET-CT for detecting distant metastases

Magnetic resonance imaging for detecting the primary tumor

Example segments:

Clinical practice guideline

Clinical practice guideline segment

Systematic review

Research (report)

Minimal reporting requirements of the pathology assessment

Figure 1. A visual representation of some possible compartmentalized information blocks in a symbiotic 
healthcare ecosystem. Both the product and individual information blocks might be exchanged in a symbiotic 
healthcare ecosystem.
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blocks in predefi ned user-friendly formats representing the clinical practice guideline. When 
user-testing over time indicates that there are different or evolving preferences, a new format 
could be developed to add, remove or re-shuffl e the displayed information blocks. This 
can even be user-directed in the future, where users determine for themselves how their 
guidelines are displayed in a format relevant and usable to them, whether it is displayed on 
a webpage or in electronic health record software. Overall, structuring information blocks 
facilitates seamless database storage, organization, and adaptable presentation formats to 
meet evolving user preferences.

Compartmentalization furthermore offers opportunities to exchange information blocks 
across a SHE. For a clinical practice guideline, for example, several information blocks within 
a clinical practice guideline segment can be shared or received (see Figure 3). Sharing key 
questions with other guideline developing organizations may communicate which guideline 
segments are already (being) developed. This could increase coordination and might 
prevent unnecessary duplicate efforts across the SHE if the guideline segment (or evidence 
synthesis) is thereafter also fi ndable, accessible, interoperable, reusable, and trustable27 for 
other organizations. Key questions should also be shared with the evidence synthesizing 
community for the development of systematic reviews substantiating clinical practice 
guideline segments. Systematic reviews should be exchanged and effortlessly inserted in 
clinical practice guideline segments when packaged relevantly. It is arguable whether the 
deliberations and body of recommendations information blocks in a guideline segment are 

Figure 2. Sub-blocks in the body of recommendations information block. The sub-blocks contain information 
regarding the recommendation, its rationale, and the strength and/ or direction of the recommendation. The body of 
recommendations contain all recommendations in the clinical practice guideline segment, from the fi rst (#1) up to any 
other number (#...) of recommendations developed in this guideline segment.

Recommendation
#1

Rationale for
recommendation #1

Statement for strength
and/or direction for
recommendation #1

All sub-blocks to make
recommendation #2 

All sub-blocks to make
recommendation #... 

Clinical practice guideline segment

Body of recommendations
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directly usable for exchange in an international context, as they may be tailored to the local 
healthcare system or situations specific for a single country. However, there are frameworks 
available to adapt existing clinical practice guidelines.28, 29 The deliberation and body of 
recommendation blocks should be shared with the end-user in the clinical field. During the 
development of the guideline segment, knowledge gaps can be identified that prevent making 
(stronger) clinical healthcare policies. Sharing these evidence gaps with the primary research 
community aligns primary research with existing and the most urgent knowledge gaps for 
clinical practice. Another product in a SHE that can be compartmentalized is the systematic 
review, shown in Figure 1. It is an information block in a clinical practice guideline segment but 
can be produced in the evidence synthesis entity for exchange with the guideline developing 
community in the evidence translating entity (see Figures 3 and 4). When the information and 
data in systematic review products are compartmentalized completely, transparently, and are 
available and accessible, their information also becomes reusable for other communities in 
the healthcare ecosystem. Chapter seven showed real-world benefits of transparent and 
complete reporting of systematic reviews for clinical practice guideline development, where 
the ‘search strategy and retrieval’, ‘study selection and description’, ‘data (extraction)’, and 
‘reference list’ information blocks of the systematic reviews were reused.

Effectively communicating compartmentalized data and information in a coordinated 
manner across the system requires more than just adherence to reporting guidelines. There 
is a fundamental need standardization and harmonization of data. To enable the exchange 
of information, digital information blocks within products need to be findable, accessible, 
interoperable, reusable, and trustable27 for all stakeholders. One potential solution particularly 
relevant for a SHE is the Fast Healthcare Interoperability Resources (FHIR), designed to 
facilitate data exchange across various healthcare, healthcare-related, public health, and 
research settings.30 FHIR could make data and databases interoperable. However, healthcare 
and healthcare-related data only may concern the point of care with its associated actors, 
organizations, and databases (e.g., clinical data in electronic patient records, registries) 
from the learning healthcare sub-system of a SHE. Such a common language probably 
needs extensions to cover information produced and exchanged elsewhere in a SHE as 
well. Projects like EMBonFHIR aim to address this gap by extending FHIR to record and 
exchange data generated in primary studies and evidence synthesis,31 thereby enhancing 
interoperability within the evidence ecosystem sub-system in a SHE. Similar to the concept 
of compartmentalizing information in primary research and evidence syntheses presented 
in Figures 1 to 3, EBMonFHIR describes distinct and identifiable elements in EBM-products 
to support communicating scientific evidence.31, 32 FHIR seems to be “close to the metal”, 
meaning it seems to capture data on a “low-level” in fundamental information blocks. This 
enables exchange of data that evidence synthesizers need from primary studies, and data 
that guideline developers need from systematic reviews. Such “close to the metal” initiatives 
for primary studies and evidence syntheses might be extremely useful in a SHE, as the 
compartmentalized information represents relevant and reusable information (sub)blocks and 
even smaller data elements. Storing study data in this structured manner could potentially 
offer a more efficient streamlining of the process compared to what was discussed in Chapter 
seven. Then, all the study data would be compartmentalized and findable using a simple 
database query returning data about the requested elements (e.g., patient / intervention / 
comparison / outcome elements). This could ultimately reduce the need for manual data-
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extraction from primary study reports in the future. Furthermore, the CPG-on-EBMonFHIR33

project could provide a “close to the metal” option for the evidence translation entity in a SHE. 
This makes the recommendations and deliberations from guideline segments immediately 
sharable with the healthcare providers, which could be linked with patient characteristics to 
both show patient-relevant recommendations and enable guideline adherence monitoring in 
clinical practice.34

Infrastructure and collaboration seem essential for the fl ow of evidence to clinical care.6

The benefi ts described in Chapter seven can be utilized constantly in a future SHE if 
compartmentalized data can be effi ciently exchanged between entities using a digital 
infrastructure. Web-apps in the digital infrastructure, like RevMan Web,35 MAGICapp,36 and 
GRADEpro GDT,37 could enforce formats for producing and reporting evidence syntheses 
and guidelines, all while capturing and storing data using a common language such as FHIR. 
In fact, the MAGICapp seems to be planning to implement EBMonFHIR and CPGonFHIR 
standards and is part of these projects’ working groups.33 Therefore, such web-apps 
might be in a unique position to become a marketplace-like platform for the coordinated 
exchange of compartmentalized data and products in a SHE. For example, evidence gaps 
from guidelines can be shared with the primary research entity. The resulting new primary 
data can then be synthesized using RevMan Web and embedded in guidelines with the 
MAGICapp or GRADEpro GDT. The guideline can then directly be used in the local clinical 

Reference list
Reference list

Key question

Systematic
review

Knowledge gaps

Exchangeable

Exchangeable

Output

Deliberation

Body 
of 

recommendationsOutput

Output

Figure 3. Potentially sharable information blocks in a clinical practice guideline segment. Key questions 
can be distributed to prevent duplicate efforts. Systematic reviews could be received from the evidence synthesis 
community or shared with other guideline developing organizations. Deliberations and the body of recommendations 
could be shared with the clinical fi eld. Knowledge gaps could be shared with the primary research entity.
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practice, integrated in electronic health record software and clinical decision aids using the 
same common language. 

Although using an infrastructure for exchanging information between entities and reusing 
each other’s efforts is important, ensuring that products reach end-users in the SHE is equally 
vital. In some cases the end-users could be patients (e.g., for patient information, decision 
aids) while in other cases this could be clinicians (e.g., for clinical practice guidelines) or even 
governmental policymakers (e.g., for policy briefs). When disseminating such products to the 
end-user, it is important that the information is interpretable for their application. In fact, if 
the data is uninterpretable for its end-user, all efforts in developing and exchanging products 
in a SHE might be in vain as these products cannot be understood or applied. Recognizing 
the importance of the interpretability of the products in the system (e.g., see Chapter eight 
for communicating diagnostic test accuracy parameters), different end-users may require 
tailored outputs, although the underlying data may be the same. For example, synthesized 
data may be communicated in the form of a systematic review report for researchers and 
guideline developers, while it could also be presented as a policy brief for policy makers, or as 
a clinical decision support product for patients. Co-creation could aid the production of such 
tailored outputs for end-users19 and seems important in the SHE (recall ‘who to involve?’). 
When patients and clinicians co-develop clinical practice guidelines (e.g., by defining relevant 
problems and questions), for example, these guidelines will be more relevant for the point of 
care. Another important aspect of this co-creation of guidelines lies in identifying knowledge 
gaps and selecting relevant outcomes. When patients and clinicians determine relevant topics 
and questions for a guideline to provide healthcare policies, any identified knowledge gap 
probably immediately becomes relevant for the point of care. The knowledge gaps prevent 
evidence translators from making (stronger) healthcare policies based on the available 
evidence. Thus, the knowledge gap is immediately relevant for the primary research entity, 
as they guide further research to fill the identified gaps and contribute to evidence-based 
clinical practice through guidelines (see Figure 4). In such a cycle, new primary evidence 
may traditionally take a long time to find its way to clinical practice through guidelines. It 
is important to keep in mind that not every time lag is undesirable to ensure safety and 
efficacy38 in a SHE. It may take some time to form an evidence base to make strong(er) 
recommendations for clinical healthcare policies. Studies need to be large enough, well-
conducted, and probably even replicated to gain enough certainty in an evidence synthesis 
for a strong clinical recommendation. The challenge is to understand which time lags are 
unnecessary38 and how a SHE could contribute to an as-soon-as-responsible transfer of new 
developments into clinical care. Therefore, it is crucial to acknowledge and accept necessary 
time lags while striving for timely implementation of new developments in clinical practice 
within the SHE.

2.3 Trust in the system

Trust within a SHE is two-fold for users of products. First, users need to be certain that 
the products they use are trustworthy. This prevents spending time and effort on performing 
quality appraisals for each and every product they consult (e.g., guidelines and systematic 
reviews). Second, users need to be certain that the products they use are maintained to reflect 
the latest state of scientific knowledge and clinical practice over time as well as possible. 
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In Chapter two we discussed that there are many methods and practices available to 
develop trustworthy products. For guideline development there are essential domains,25 
complete handbooks by the Scottish Intercollegiate Guidelines Network and the National 
Institute for Health and Care Excellence,39, 40 and even a framework to adapt existing 
guidelines.29 The GRADE working group provides access to a handbook to assess the 
certainty in a body of evidence in systematic reviews and guidelines,41 together with ongoing 
publications in scientific peer-reviewed journals. Furthermore, a framework to transparently 
report considerations leading to guideline recommendations is provided by the GRADE 
working group.26 For the evidence synthesis entity, extensive handbooks for developing 
intervention42 and diagnostic test accuracy43 systematic reviews are available, besides 
guidance for rapid reviews.44 Extensive guidance is provided by the COSMIN Initiative for 
systematic reviews of patient reported outcome measures.45-47 Besides sufficient information 
on how to produce systematic reviews, reporting guidelines for systematic reviews are 
furthermore available with the PRISMA statement13 and all of its extensions. Such reporting 
guidelines also exist for the primary research entity with the CONSORT statement12 for 
randomized trials, although there are many more reporting guidelines found through the 
EQUATOR network.48 Furthermore, core outcome sets are available for many clinical fields 
at the COMET initiative.49 As described, there are numerous resources and guidelines readily 
accessible for developing trustworthy products within the system. To trust each other’s 
products, it might be important to determine which practices are minimally acceptable to 
develop products in the SHE. Here, it is wise to acknowledge variations in available resources 
across the system. As rigorous processes result in transparent gold-standard products, the 
development of such products may also cost a lot of resources. Such resources are scarce 
for organizations across the system and setting minimally acceptable practices can ensure 
that products remain trustworthy and transparent for their use. 

Besides ensuring trust by using rigorous methods resulting in trustworthy products, the 
second factor is trusting these products over time as new developments and new evidence 
emerge. Organizations have the responsibility of ensuring that their products reflect the 
latest state of scientific knowledge and clinical practice as well as possible (Chapters four 
to six). Where published strategies mainly seem to focus on whether or not to update,50-55 
the framework in chapter four showed that multiple options are available in a maintenance 
strategy besides (not) updating, even when the product is not outdated. Some products may 
need updating, others are still useful but get archived for reference, and yet other products 
need to get withdrawn from the SHE. Using the framework, designers might design or tailor 
a maintenance strategy specific to their needs and context in a SHE, as it does not impose 
specific tests, criteria, or indications to the designer. This is important in a SHE, as different 
organizations may operate in different ([inter]national) contexts, have different needs, and 
have different resources available. For example, archiving guideline segments might be 
important in the context of one organization, but not in the context of another. Although the 
idea that partial updating guidelines makes more sense is a decade old,50 compartmentalizing 
products in combination with the POMBYTT framework now enables the maintenance of an 
entire collection of guideline segments representing multiple clinical practice guidelines as 
displayed in Figure 4.
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The framework in Chapter four furthermore allows for cyclical maintenance strategies 
when desirable. Instead of a fixed time interval triggering a management option (e.g., 
updating after three years), the framework guides designers to selecting an interval that 
triggers re-assessment of outdatedness and indications for management options. This way, 
the framework might be used to design a continuous strategy similar to ‘living systematic 
reviews’56 or ‘living clinical practice guidelines’.57, 58 In the latter, recommendations in a 
single guideline are assigned a living status.56, 57 Literature is continuously monitored, and 
recommendations are updated as soon as new evidence becomes available.56, 57 However, 
continuously monitoring may be very resource intensive and adding new literature might not 
immediately translate to a change of the body of recommendations (e.g., strength, direction, 
addition, or removal). The POMBYTT framework provides designers with the opportunity to 
explicitly think about such elements and consequences for their maintenance strategy. Thus, 
instead of immediately triggering an update as new evidence becomes available, a strategy 
designed with the POMBYTT framework tests whether an update (or any other management 
option) is indicated. This could prevent spending resources on updates that (likely) do 
not change recommendations and thus clinical practice. Organizations may select tests, 
indications, and management options that suit their needs and their available resources for 
a maintenance strategy. This way, organizations can meet their responsibility of maintaining 
their circulating products in a SHE at their own capacity.

When there are no resource limitations, the entire portfolio can always and continuously 
be maintained without constraints. However, organizations probably always have resource 
limitations which requires prioritization in some form. Chapter five extended the POMBYTT 
framework described in chapter four by providing concepts of priority-setting in maintenance 
strategies. Priority-setting is important, as an increasing number of products within a 
maintenance strategy may cause increasing resource utilization. Furthermore, there are 
limited resources for performing certain management options in the maintenance strategy 
(e.g., updating). Priority-setting is then needed to determine which products have enough 
priority to enter the maintenance strategy and/or have enough priority for the selected 
management option given the available resources. If evidence synthesizing and evidence 
translating organizations fail to prioritize their products for maintenance, they might fail 
their responsibility in a SHE. This leads to outdated products being used in a SHE to make 
healthcare decisions at the point of care. Chapter five therefore provides guidance to help 
organizations understand priority-setting assessments and spend their available resources 
for maintenance as well as possible. This intends to support the responsibility of the guideline 
or systematic review developing organization is a SHE, where they try to keep their products 
as maintained as possible and thus sparking trust in the system.

Together, chapter four and chapter five communicate an important difference between 
assessing the need for a specific management option (e.g., assessing the ‘need for updating’51, 

53-55) and assessing priority. This difference is important in a SHE, as not all products in need 
for updating may actually receive an update due to resource limitations. This distinction also 
seems important for clinicians, patients, and patient representatives as they may be involved 
during developing, maintenance, and priority-setting processes. To aid guideline developing 
organizations with performing priority-setting assessments in their maintenance strategies, 
the RE-Weighted Priority-Setting (REPS-)tool was developed and presented in chapter six. 
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The chapter first provided a frame of reference for priority-setting assessments, identifying 
three main components: the process component, the function component, and the outcome 
component. Using this frame of reference, priority-setting assessments can be structured 
and the role of the REPS-tool becomes clear. The REPS-tool was specifically designed 
to have a ranked continuous output to be used with a limit of capacity (see Chapter five). 
This means that the tool’s output can be aligned to the available resources for management 
(e.g., updating) after priority-setting, if desirable. This can be important in a SHE, as some 
organizations may have more resources than others for management and the output can 
now be aligned with the organization’s capacity. Chapter six furthermore introduces the 
(decay-adjusted) re-weighted range voting mechanism59 in clinical practice guideline 
prioritization, where other priority-setting tools seem to sum or average.60-62 The re-weighted 
range voting mechanism has a proportional representation characteristic,59, 63 however with 
an adjustment, the mechanism achieves a more disproportional representation.59 The latter 
is essential for multidisciplinary priority-setting in a SHE where important underrepresented 
views may be boosted in the priority-setting assessment. Each step in the REPS-tool is 
reproducible and leads to the same output when using the same input and tool parameters 
every time. The REPS-tool furthermore does not impose any procedural steps to designers 
of priority-setting assessments. The designer is free to select priority indicators, adjust the 
score range, prioritize other items (e.g., outcomes, recommendations, knowledge gaps), or 
add any other procedural step as long as the required input format for the tool is met (i.e., one 
score per item per person). This enables tailoring of the priority-assessment to the required 
context and is important because, for example, priority indicators may not be predictive in 
different contexts.64, 65 As the context is important, organizations may also choose not to 
use the REPS-tool and, instead, develop their own tool or use another existing tool. One of 
such tools could be the UpPriority tool61, 62 for clinical practice guidelines or the SPARK tool 
for systematic reviews.60 The frame of reference, described in Chapter six, aids designers 
of priority-setting assessments in appreciating (published) tools and how they would fit in 
their own priority-setting assessment. Together, Chapters four to six enable organizations 
to maintain their circulating products within a SHE to reflect the latest state of scientific 
knowledge and clinical practice over time as well as possible. Such continuous, transparent, 
and reproducible processes can spark trust in how and which products within a SHE are 
maintained.

3. Concluding remarks

This thesis presented the operational aspects of a future healthcare ecosystem, 
emphasizing the importance of communication within and between entities, maintenance, and 
evidence translation. The sustainability of the proposed healthcare ecosystem is dependent 
on compartmentalizing data for exchange and reusability, the underlying infrastructure for 
exchange, and ensuring that each entity fulfills its roles and responsibilities in the system. 
Using a common language that promotes exchangeability and interoperability across the 
system is probably required. Furthermore, accommodating the diverse needs of end-users 
is crucial for effective product utilization. Different (end-)users may have different needs 
when interpreting and applying the product. This thesis provided a blueprint as a framework 
to speed up and improve complex processes in the pathway from evidence generation to 
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implementation (Chapter two). 

The subsequent chapters introduce new theoretical frameworks and tools to support 
complex processes in a SHE, such as evaluating and sharing clinical best practices (Chapter 
three), continuously maintaining systematic reviews and clinical practice guidelines (Chapter 
four) with priority-setting under resource constraints (Chapters five and six), bridging 
entities in the system to reuse each other’s efforts (Chapter seven), and translating evidence 
to the end-user in understandable formats (Chapter eight). 

Together, the thesis envisions and provides an initial evidence base for symbiotic efforts 
in future healthcare ecosystems. However, moving towards such a system is complex and 
requires a step-by-step approach rather than immediately imposing an entire system upon 
entities and organizations. The biggest challenges may arise from the implications on funding 
structures and scholarly publication models in transitioning towards a SHE. Currently, the 
reporting and sharing of (research) data and products by dissemination through publishers’ 
journals are paid for by organizations and groups (e.g., article processing cost, subscriptions). 
Therefore, organizations might be reluctant to share the data and products they had invested 
in developing, despite the evident advantages of a SHE relying on unhindered and efficient 
data exchange. It would be interesting to observe the evolution of processes and structures 
to foster a culture for selfless exchange of data and products within a SHE. Nevertheless, one 
potential careful first step might be to start with setting-up processes that fulfill (future) roles 
and responsibilities of individual organizations within the context of a connected healthcare 
network. It is crucial to recognize the architectural perspectives and challenges associated 
with data compartmentalization, exchange, and the development of infrastructure to ensure 
the reusability and trustworthiness of products and processes throughout the network.
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Summary

In Chapter two, the evidence ecosystem and learning healthcare system are converged 
into a single model to understand inefficiencies and speed-up and improve processes in the 
pathway from evidence generation to implementation and learning spanning both systems. 
This framework can be used as a blueprint to map new or existing processes and thereby 
identifying relevant stakeholders, pathways, infrastructure, data, and products. The chapter 
furthermore discusses important aspects for connecting both systems in such a symbiotic 
healthcare ecosystem, including the need to adjust internal organizational processes to meet 
responsibilities in the symbiotic system. The subsequent Chapters three to eight provide 
theoretical frameworks and tools to support processes for such responsibilities across a 
symbiotic system. 

Chapter three provides a framework and a tool to evaluate healthcare provision’s best 
practices on four axes; are context, processes, outcomes, and learning capacity. Recurring 
themes across all four axes seem to be culture, resources, and learning. The accompanying 
tool aims to capture important information about the best-practice based on indicators in the 
framework for evaluation purposes. Once captured, other practices can use this information 
for mirroring purposes in a learning health care system.

For evidence synthesizers and guideline developers becomes important to set-up 
maintenance strategies as they remain responsible for the state of their products. Chapter 
four provides a theoretical framework to design maintenance strategies and tailoring them 
to the needs and context of the organization. The chapter translates concepts of a clinical 
diagnostic test-treatment strategy to the context of organizational portfolio maintenance. The 
framework lets designers consider specific elements and tailor them to their needs to test 
whether there is outdatedness and which management option is indicated. The resulting 
maintenance strategies aim to maintain whole portfolios of the organization’s systematic 
reviews or clinical practice guidelines. 

In practice, limited resources will prevent updating every systematic review or clinical 
practice guideline in the organization’s portfolio. Therefore, organizations need to use 
priority-setting assessments to select products that have the most priority to enter a 
maintenance strategy and/or receive specific management actions (e.g. updating). Chapter 
five extends the framework described in Chapter four with methodological insights about 
adding priority-setting assessments to maintenance strategies. Concepts from diagnostic 
test accuracy methodology are transferred to the context of priority-setting in maintenance 
strategies in this chapter. The role and outcome level of priority-setting assessments dictate 
their performance in a maintenance strategy, which is important to understand to efficiently 
utilize the available resources for maintenance. 

Ultimately, organizations need to perform real-world priority-setting assessments in their 
maintenance strategies. Chapter six provides a frame of reference to help understand 
and structure such priority-setting assessments. Three main components are identified: a 
process component (any procedural step), a function component (specific rules/calculations 
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that determine the priority), and an outcome component (final outcome of the priority-
setting assessment). Together, process and function components can be mixed and 
matched to meet organizational needs and reach a final priority-setting outcome with the 
outcome component. Chapter six furthermore provides a function component as a tool to 
aid organizations in achieving a ranked list of items. The tool is based on the re-weighted 
range voting mechanism and allows for a proportional representation. However, an adjusted 
mechanism also allows for a more disproportional representation with the potential to boost 
less prominent perspectives. This is important when there are important perspectives from a 
less represented group during the priority-setting assessment. An organization may develop 
procedures and use the tool according to their own needs and context without having any 
procedures imposed (except for meeting the tool’s input format: one score per participant 
per item). 

If the priority-setting assessment determined which guidelines had enough priority for 
receiving a management action (e.g., updating), there is a need to efficiently perform such 
actions. Here, reusing each other’s efforts allows for more efficient organizational procedures. 
However, data and products may need to be complete and transparent, and data need to be 
available and accessible. Chapter seven provides a real-world example of bridging the gap 
between the evidence synthesis entity and the evidence translation entity during guideline 
development. The chapter illustrates how efforts in producing a complete and transparent 
product with enough available and accessible data in the evidence syntheses entity results 
in a more efficient process when developing a clinical practice guideline segment. 

Developing trustworthy products, maintaining them under resource constraints, and 
reusing existing efforts may all be in vain when the products cannot be applied by the end-
user. Therefore, Chapter eight connects the evidence translation community with end-users 
in clinical practice in the context of translating diagnostic test accuracy parameters to a more 
interpretable format. Using natural frequencies in a hypothetical cohort makes accuracy 
parameters (e.g. sensitivity, specificity) more interpretable for clinicians and patients in clinical 
practice, resulting in less complicated information to inform clinical decisions regarding 
diagnostic tests. This chapter provides considerations and guidance for selecting pretest-
probabilities to translate accuracy parameters with natural frequencies. 

Together, chapters in this thesis provide theoretical frameworks and tools to support 
processes of organizations aiming to meet specific responsibilities in a (future) symbiotic 
system that converges the evidence ecosystem and the learning healthcare system. Moving 
towards a symbiotic healthcare ecosystem is complex and probably requires a step-by-
step approach. Organizations could start with setting-up processes that fulfill such (future) 
responsibilities within the context of a connected network, which could develop into a 
symbiotic system. Challenges regarding data compartmentalization, data exchange, and 
infrastructures for reusable and trustworthy products and processes throughout the network 
should be acknowledged in this development process. 
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Samenvatting

In Hoofdstuk twee worden het ecosysteem voor bewijs en het lerende 
gezondheidszorgsysteem geconvergeerd in één model om inefficiënties te begrijpen en het 
pad van het genereren van bewijs naar implementatie en leren te versnellen en te verbeteren, 
welke over beide systemen strekt. Dit raamwerk kan als blauwdruk gebruikt worden om 
nieuwe of bestaande processen in kaart te brengen en daarmee relevante stakeholders, 
paden, infrastructuur, data en producten te identificeren. Dit hoofdstuk bespreekt tevens 
belangrijke aspecten voor het verbinden van beide subsystemen als één symbiotisch 
gezondheidszorgecosysteem, waaronder de noodzaak om interne organisatorische 
processen aan te passen om verantwoordelijkheden in het symbiotische systeem te vervullen. 
De hierop volgende Hoofdstukken drie tot en met acht geven theoretische raamwerken 
en hulpmiddelen om processen voor dergelijke verantwoordelijkheden in het symbiotische 
systeem te ondersteunen.

Hoofdstuk drie biedt een raamwerk en een hulpmiddel om de beste praktijkvoeringen 
in de gezondheidszorg te evalueren op vier assen; context, processen, uitkomsten en 
leervermogen. Terugkerende thema’s over de vier assen lijken cultuur, middelen en leren te 
zijn. Het bijgaande hulpmiddel probeert om belangrijke informatie over de beste praktijkvoering 
vast te leggen op basis van indicatoren uit het raamwerk voor evaluatie. Wanneer dit is 
vastgelegd kunnen andere praktijken deze informatie gebruiken als spiegelinformatie in een 
lerend gezondheidssysteem.

Voor mensen die kennis synthetiseren en voor richtlijnontwikkelaars wordt het belangrijk 
om onderhoudsstrategieën op te zetten, omdat zij verantwoordelijk blijven voor de staat van 
hun producten. Hoofdstuk vier biedt een theoretisch raamwerk om onderhoudsstrategieën 
te ontwerpen en aan te passen aan de behoeften en context van de organisatie. Het 
hoofdstuk vertaalt concepten van klinische diagnostische test-behandelstrategieën naar 
de context van on organisatorisch portfolio-onderhoud. Het raamwerk laat ontwerpers 
over specifieke onderdelen nadenken en deze aan hun behoeften aanpassen om te 
kunnen testen of er sprake is van veroudering en welke handelingen zijn geïndiceerd. De 
resulterende onderhoudsstrategieën zijn bedoeld om gehele portfolio’s met systematische 
literatuuronderzoeken of richtlijnen van organisaties te kunnen onderhouden.

Vaak zullen beperkte middelen voorkomen dat elk systematisch literatuuronderzoek of 
richtlijn in de portfolio van de organisatie geüpdatet kan worden in de praktijk. Daarom dienen 
organisaties prioriteringsbeoordelingen te gebruiken om te producten te selecteren die de 
meeste prioriteit hebben om onderhouden te worden en/of een specifieke handeling dient 
te ondergaan (bijv. updaten). Hoofstuk vijf breidt het beschreven raamwerk uit Hoofdstuk 
vier uit met methodologische inzichten over het toevoegen van prioriteringsbeoordelingen 
aan onderhoudsstrategieën. Concepten uit de diagnostische testaccuratesse methodologie 
worden in dit hoofdstuk vertaald naar de context van prioriteringsbeoordelingen in 
onderhoudsstrategieën. De rol en het uitkomstniveau van prioriteringsbeoordelingen 
dicteren haar prestaties in een onderhoudsstrategie, wat belangrijk is om te begrijpen om de 
beschikbare middelen voor onderhoud efficiënt te gebruiken.
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Uiteindelijk moeten organisaties daadwerkelijk prioriteringsbeoordelingen uitvoeren in 
hun onderhoudsstrategieën. Hoofdstuk zes biedt een kader om prioriteringsbeoordelingen 
te kunnen begrijpen en te structureren. Er zijn drie componenten geïdentificeerd: een 
procescomponent (elke procedurele stap), een functiecomponent (specifieke regels/
berekeningen die de prioriteit bepalen) en een uitkomstcomponent (de uiteindelijke uitkomst 
van de prioriteitsbeoordeling). Proces- en functiecomponenten kunnen samen worden 
afgestemd om aan de behoeften van de organisatie te voldoen die voor een uiteindelijke 
uitkomst van de prioriteringsbeoordeling zorgen in de uitkomstcomponent. Hoofdstuk 
zes biedt daarnaast ook een functiecomponent als hulpmiddel aan om organisaties 
te ondersteunen met het maken van een gerangschikte lijst van items. Dit hulpmiddel 
is gebaseerd op het zogenoemde ’re-weighted range voting’ mechanisme en maakt 
proportionele representatie mogelijk. Een aangepast mechanisme stelt het hulpmiddel ook 
in staat om een meer disproportionele representatie mogelijk te maken met de potentie om 
minder prominente perspectieven te versterken. Dit kan belangrijk zijn wanneer er belangrijke 
perspectieven zijn van minder vertegenwoordigde groepen tijdens de prioriteitsbeoordeling. 
Hierbij is het belangrijk dat de organisatie procedures kan ontwikkelen en het hulpmiddel kan 
gebruiken volgens de eigen behoeften en context zonder dat er enige procedures worden 
opgelegd (behalve het voldoen aan het invoerformat: één score per deelnemer per item).

Zodra de prioriteitsbeoordeling heeft bepaald welke, bijvoorbeeld, richtlijnen genoeg 
prioriteit hadden om onderhoudsacties te ontvangen (bijv. updaten), is er een noodzaak om 
deze acties efficiënt uit te voeren. Het hergebruik van elkaars inspanningen leidt tot efficiëntere 
organisatorische processen. De data en producten dienen echter compleet en transparant 
te zijn, met beschikbare en toegankelijke data. Hoofdstuk zeven biedt een voorbeeld uit de 
echte wereld waarin de entiteit voor het synthetiseren van bewijs wordt overbrugd naar de 
entiteit voor het vertalen van bewijs met richtlijnontwikkeling. Het hoofdstuk illustreert hoe 
inspanningen tijdens het produceren van een compleet en transparant product met genoeg 
beschikbare en toegankelijke data in de entiteit voor de synthese van bewijs resulteren in een 
efficiënter proces bij het ontwikkelen van een richtlijnmodule.

Het ontwikkelen van betrouwbare producten, het onderhouden ervan met beperkte 
middelen en het hergebruiken van bestaande inspanningen kunnen allemaal tevergeefs zijn 
wanneer het product niet kan worden toegepast door de eindgebruiker. Daarom verbindt 
Hoofdstuk acht de entiteit voor het vertalen van bewijs met de eindgebruiker in de klinische 
praktijk vanuit de context van het vertalen van diagnostische testaccuratesse parameters 
naar een begrijpelijker format. Door natuurlijke frequenties in een hypothetisch cohort te 
gebruiken worden accuratesseparameters (bijv. sensitiviteit en specificiteit) begrijpelijker 
voor clinici en patiënten in de praktijk, wat voor minder gecompliceerde informatie leidt om 
beslissingen over diagnostische tests te informeren. Het hoofdstuk geeft overwegingen en 
richting voor het selecteren van voorafkansen om accuratesseparameters te vertalen met 
natuurlijke frequenties. Deze vertaling zou enige indirectheid kunnen bevatten, maar dit kan 
acceptabel zijn gegeven de context.

Gezamenlijk bieden de hoofdstukken in dit proefschrift theoretische raamwerken en 
hulpmiddelen ter ondersteuning van processen van organisaties die streven naar het 
vervullen van specifieke verantwoordelijkheden in een (toekomstig) symbiotisch systeem 
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die het ecosysteem voor bewijs en het lerend gezondheidszorgsysteem convergeert. De 
ontwikkeling naar een symbiotisch gezondheidszorgecosysteem is complex en vereist 
een stapsgewijze aanpak. Organisaties zouden kunnen beginnen met het opzetten van 
processen die dergelijke (toekomstige) verantwoordelijkheden vervullen binnen een netwerk, 
welke kan uitgroeien tot een symbiotisch systeem. Uitdagingen met betrekking tot data-
compartmentalisatie, het uitwisselen van data en de infrastructuren voor herbruikbare en 
betrouwbare producten en processen in het gehele netwerk zouden moeten worden erkend 
in dit groeiproces. 
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Dankwoord

Dit traject had ik niet kunnen voltooien zonder ten minste de volgende personen de bedanken 
voor hun rol, deelname, medewerking, en/of steun in dit proces:

Prof. dr. Hooft, Lotty, bedankt voor de ruimte die je mij geboden hebt in het promotietraject 
qua richting en gedachten, maar bovenal voor de ruimte die je gaf om mijzelf te kunnen 
ontwikkelen. Niet alleen als onderzoeker, maar ook als persoon. Terugkijkend heb je als geen 
ander gezien wat er nodig was om dit traject tot een succes te maken. Ik wil je bedanken voor 
zowel de verdiepende als overstijgende discussies die ervoor gezorgd hebben dat ik telkens 
met waardevolle, nieuwe inzichten naar huis ging. Soms terug naar de tekentafel, maar altijd 
een stap in de juiste richting voor mij.

Dr. Van der Laan, Maarten, bedankt voor jouw kritische en klinische blik. Dit waren voor mij 
essentiële aanvullingen voor de methodologische en vaak theoretische onderwerpen waar 
we ons mee bezig hebben gehouden. Het zorgde ervoor dat we op het snijvlak van methoden 
en praktijk zijn blijven zitten (Voor wie doen we dit allemaal?). Jouw aanpak zorgde voor de 
concreetheid die ik hierin nodig had, afgewisseld met humor. Ik wil je daarom ook bedanken 
voor de inspirerende gesprekken en discussies in de vertaling van ideeën en plannen naar 
de concrete stappen en producten in dit proces.

Prof. dr. Rob Scholten, alweer een flink aantal jaren geleden ontmoetten wij elkaar voor het 
eerst op de Domus Medica en tot aan jouw pensioen was je mijn promotor. Ik wil je bedanken 
voor wijze waarop je mij vanaf het begin hebt betrokken en onderdeel van Cochrane 
Nederland hebt gemaakt. Hier heb ik veel aan gehad en veel van geleerd. 

Graag wil ik de leden van de beoordelingscommissie, prof. dr. R. de Bree, prof. dr. H. 
Gardarsdottir, prof. dr. M.L. Bots, prof. dr. D.M.J. Delnoij, prof. dr. P.I. Spuls, hartelijk en met 
veel genoegen bedanken voor hun tijd en bereidheid om dit proefschrift te beoordelen.

Teus en Margreet, zonder de facilitatie en steun vanuit het Kennisinstituut was het natuurlijk 
nooit gelukt. Ik waardeer ik in het bijzonder de ruimte die mij werd geboden naast de 
reguliere werkzaamheden gedurende het traject. Dank voor de vrijheid om zelf onderwerpen 
te kiezen die tevens van belang zijn voor de praktijk van richtlijnontwikkeling, ik heb dit als 
zeer prettig ervaren. Naast de werkzaamheden waren er natuurlijk ook de borrels, diners, 
feesten, quizzen, cursussen en (buitenlandse) congressenbezoeken die mogelijk werden 
gemaakt door het Kennisinstituut. Ook hiervoor veel dank, een aanzienlijk deel van het 
plezier gedurende het traject is hieraan te danken (met blijvende herinneringen aan Santiago 
de Chile).

Roy en Annefloor, ondanks dat we niet samen het hele traject hebben doorlopen heb ik van 
jullie geleerd, waarvoor veel dank. Roy, ook enorm bedankt voor jouw input, kritische blik 
en aanhoudende inzet als coauteur van twee hoofdstukken gedurende de afgelopen jaren. 
Annefloor, bedankt voor jouw optimisme en enthousiasme bij aanvang van het traject. 
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Fijne collegae van het Kennisinstituut, dank voor de heerlijke werksfeer en de gezelligheid 
naast al het harde werken. Marlies en Ester, jullie zijn na mij begonnen met een PhD-traject, 
maar hebben het eerder afgerond. Betere voorbeelden had ik daar niet in kunnen hebben. 
Bedankt voor alle fijne gesprekken over werk, onderzoek en de balans. Charlotte en Femke, 
ontzettend leuk om Kennisinstituut collegae als coauteurs op een aantal hoofdstukken te 
hebben. Bedankt voor jullie enthousiasme, samengaand met de vlotte en fijne samenwerking. 
Ook Team Onco (tegenwoordig 1 en 2) wil ik bedanken voor hun steun en geduld als ik weer 
eens over ‘het ecosysteem’ begon, maar ook voor de leuke momenten op en buiten het 
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gezelligheid en dat ik jullie ook op deze wijze heb mogen leren kennen. Skiën kan ik niet, 
maar dat maakte jullie niets uit.

Fijne collegae van Cochrane Nederland, heel fijn hoe jullie mij op hebben genomen in het 
team ondanks dat ik niet altijd frequent aanwezig kon zijn op het Julius. René, met een 
glimlach denk ik terug aan alle discussies wij hebben voortgebracht in het Julius Centrum. 
Dit was niet alleen leuk, maar het verbreedde mijn horizon en kijk op de (wetenschappelijke) 
wereld. Laten we dit doorzetten. Ik kan je daarnaast niet volledig bedanken zonder ook te 
zeggen dat ik jou als mentor erg heb gewaardeerd tijdens het traject. Soms advies over 
werk-inhoudelijke zaken en soms over persoonlijke dingen, dank je wel. Anneke, Pauline, 
Robin en Kevin, bedankt voor alle goede, inspirerende en gezellige gesprekken, steun en 
medeleven, koffietjes en lunches én natuurlijk de prettige samenwerking. Kevin, ook bedankt 
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gang van ons leven. Tijdens alle leuke en minder leuke veranderingen en ‘life events’ in de 
afgelopen jaren ben je er voor mij geweest. Es, samen staan we sterk en ik ben gek op jou. 

Lieve Tom, lieve zoon, bedankt voor de trots, de vreugde en het plezier die je mij nu al geeft 
in jouw jonge leven. We gaan er samen iets moois van maken.
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