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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 compre-
hensive, 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 main-
tenance 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 strate-
gies 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 main-
tenance 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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Background

Fifteen percent of the systematic reviews (SRs) [1] and
eight percent of the recommendations in clinical prac-
tice guidelines (CPGs) [2] may be out of date within the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, spe-
cific strategies to detect the need for updating were being
developed for SRs, such as the Ottawa [7] 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 journals [7, 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 SRs [17] and living CPG recom-
mendations [18]. Current strategies may not be useful
for the context, capabilities, or the needs of all organiza-
tions 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 ques-
tion 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 revisi-
tation 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 portfo-
lio of SRs up-to-date over time [15]. Furthermore, updat-
ing 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
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of SRs or CPGs as well, where withdrawal completely
removes the SR or CPG from the portfolio and archiv-
ing 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 mainte-
nance strategies instead of updating strategies.

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

Methods

A literature review was conducted to gain a compre-
hensive overview of considerations, signals, or indi-
cators 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 avail-
able besides (not) updating. For example, withdraw-
ing 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 multi-
ple management options had an analogy to a diagnos-
tic 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 manage-
ment actions for SR and CPG maintenance. We there-
fore transferred the diagnosis, staging, management,
and monitoring concepts of a diagnostic test-treatment
pathway to develop a theoretical framework for design-
ing and tailoring SR and CPG maintenance strategies.
We recognize that alternative conceptual frameworks
or constructs could have been considered as well, how-
ever the analogy to a diagnostic test-treatment pathway
resonated with us due to its apparent suitability to rep-
resent 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
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literature review both directed us to use a diagnostic
test-treatment strategy analogy and provided exam-
ples 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 mainte-
nance 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 sce-
nario 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.
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Results

Literature search

Fifty-four references were included. The study selec-
tion flow (Figure Al in Additional file 1) and reasons
for exclusion of full-text references are reported in
Additional file 1 (Table Al). General characteristics of
the included studies are described in Additional file 1
(Table A2). Results from the literature review are pro-
vided as possible examples for elements in the framework
in Additional File 1 (Tables A3 to A9).

A theoretical framework for portfolio maintenance
strategies

The Portfolio Maintenance by Test-Treatment (POM-
BYTT) framework is shown in Fig. 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 con-
text: diagnosis, staging, management, and monitoring
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Fig. 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). 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.

Diagnosis

The target condition must be defined before it can be
detected with diagnostic tests. Let’s consider the exam-
ple 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 rec-
ommendation. 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 litera-
ture search can vary, including the choice of using mul-
tiple 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 deter-
mines how the target condition is defined. In Table 3, the
threshold to detect the target condition was any new rel-
evant 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.

Staging

The staging process occurs after determining whether the
target condition is present or absent (Figure A2 in Addi-
tional 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).
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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 detec-
tion 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.

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 out-
dated SR or 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 avail-
able 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 appropri-
ate 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 in guideline development methodology
handbooks (e.g. updating procedures). Available man-
agement options can have a unique set of subsequent
actions. For instance, archiving a CPG requires differ-
ent 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).

Monitoring

In clinical practice, patients are usually followed over
time to assess whether the selected management suc-
ceeded, to identify disease recurrence, or to assess
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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
information
Detection test threshold A predefined threshold for the detection variable in a detection 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 condi-
tion is present or absent, and depending on the specific stage, severity, 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

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
Target condition definition

Detection variable
Detection test
Detection test protocol

Detection test threshold

To detect whether there is arterial hypertension

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

Pressure on artery walls
Auscultatory sphygmomanometer

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

140 mmHg systolic arterial pressure over 90 mmHg diastolic
arterial pressure

To detect whether a recommendation is outdated

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

New available evidence
Literature search in MEDLINE

A sensitive search string for MEDLINE is constructed. Search
results are screened on title and abstracts by two independ-
ent assessors. Conflicts are resolved by a third independ-

ent assessor. The resulting potentially relevant articles are
read and selected by two assessors independently based

on the full text. A third assessor resolves any conflict in the full
text selection

Any new peer-reviewed scientific article published
after the previous search date
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Table 5 Example of staging and management when the target condition is absent
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Clinical healthcare example

GPG maintenance scenario

Target condition

Staging

Management

Staging variable

Staging test
Staging test protocol

Staging test thresholds

Option #1, when: indications

Arterial hypertension is absent
(< 140/90 mmHg)

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

Ambulatory blood pressure monitoring

The patient receives a blood pressure measur-
ing device to wear over the course of 24 h.The
device is programmed to record the blood pres-
sure each 30 min. Blood pressure measurements
are averaged for daytime and nighttime

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

Do not provide an intervention, when:
Optimal OR normal blood pressure is present

The recommendation is not outdated
(There was no new peer-reviewed scientific evi-
dence published)

Practice variation

Data registry analysis

Data from registries are obtained. Variables con-
cerning the CPG recommendation are analyzed
in statistical software to show whether there are
deviations from the recommendation in clinical
practice

Neglectable practice variation: No or some devi-
ations 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

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

Option #2, when: indications

Option #3, when: indications
prescription, when:

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

Advice on lifestyle changes and consider drug

Archive, when:

Neglectable practice variation is present AND the
clinical field signals that guidance is no longer
needed®

Update, when:
Considerable unwanted practice variation is present

High normal blood pressure is present AND very
high cardiovascular risk profile especially with coro-

nary artery disease is present®

? Different staging variables and tests are required to provide enough information for the several indications to choose an appropriate management option

disease progression. Similarly, SRs or CPGs in the port-
folio 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 indi-
cating 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 develop-
ment of new cases, recurrences, or progression, but not
so long to cause excessive harm when the target condi-
tion 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 identifica-
tion of evolving conditions or outdated conclusions and
recommendations.

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 proto-
col may be selected to obtain the information. How-
ever, this trade-off might result in a reduced predictive
strength for the presence or absence of the target con-
dition and management indications. Three exam-
ples 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 differ-
ent detection and staging variables and tests, differences
in management indications, and the availability of dif-
ferent management options. These variations resulted
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in different process flows, even though the underlying
concepts and elements within the framework remain the
same.

Discussion

The framework in context

Initially, we observed a large variety of updating strate-
gies 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, capa-
bilities, 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 intro-
duces key components in maintenance strategies based
on a diagnostic test-treatment pathway. It provides theo-
retical guidance to designers, emphasizing the explicit
consideration of key elements in the framework and thus
operational aspects in the strategy. First, it prompts con-
sideration about how the target condition (e.g. outdated-
ness) 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 establish-
ing the threshold for decision-making. Furthermore, the
framework guides considerations for selecting appropri-
ate management options based on indications, how to test
for these indications and establishing staging thresholds.
Additionally, it guides considerations about how monitor-
ing processes can be performed. The components and ele-
ments may also be useful for stakeholders and end-users
of SRs and CPGs. For instance, understanding the diag-
nostic and staging components can be helpful for clini-
cians 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 organi-
zations 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 tar-
get condition is absent. For example, re-endorsing,

»
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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 ‘ow to
manage? is probably a more encompassing question
in the context of portfolio maintenance. Furthermore,
the framework could potentially aid in adapting exist-
ing strategies to the needs and capabilities of an organi-
zation. 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 com-
peting 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 defi-
nition 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 Titerature search and selec-
tion’, 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 recommenda-
tion [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 pro-
vided management options for living CPG recommenda-
tions: no modification, modification of elements in the
recommendation, merging recommendations, splitting
recommendations, retirement, and removal [26]. With
Table A13 and Figure A5 (Additional file 1) we adapted
information found in living recommendation literature
[18, 26, 27] for illustrative purposes to provide a hypo-
thetical example of a living strategy.

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 tri-
als’ 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 indica-
tion for an existing drug was not a significant predictor.
Another study predicted the probability that conclusions
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would change in an update [25]. Three variables (i.e. effect
size ratio, I-squared, power) were not significant predic-
tors 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.

Considerations for tests
Different tests and test protocols may provide informa-
tion with different predictive strength on the same vari-
able. Surveying experts for new evidence is arguably
less resource intensive than performing a systematic lit-
erature search and selection. However, a systematic
approach of search and selection might yield higher pre-
dictive information in terms of the number of identified
studies. Systematic searches and selections might not
be feasible for resource-limited organizations. Espe-
cially 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 litera-
ture screening. Other examples of variations within lit-
erature 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. Cur-
rently, semi-automating the literature selection in a sin-
gle person protocol could result in a larger risk of missing
relevant literature in the selection [34].

Considerations for monitoring

Conclusions and recommendations seem to get out of
date at variable rates [1, 2], thus a prespecified time inter-
val itself does not inform which specific SR or CPG needs
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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 monitor-
ing 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 direc-
tion or strength of the recommendation. Here, the target
condition can be present but no indications for updat-
ing are present. Future reassessments may show that the
threshold is reached, indicating an update is appropri-
ate. Setting an appropriate time interval between reas-
sessments 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 tar-
get 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 SR [35] in the World Health
Organization’s ‘Therapeutics and COVID-19’ guideline
[36] monitored the literature daily. The interval may be
dependent on the rate of developments in the specific
field, available resources, or urgency.

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 portfo-
lio 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 pri-
marily focused on identifying literature related to updat-
ing, and other maintenance options were not specifically
targeted. Additionally, only literature that reported at
least one indicator for the need for updating was



Oerbekke et al. BMC Medical Research Methodology (2024) 24:29

included, potentially excluding literature solely report-
ing 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 exam-
ples of variables, tests, and thresholds in Additional file 1
were based on our interpretation for elements in the
framework and may not align with the intended use in
the original publications.

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 devel-
oping 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 develop-
ment procedures) and trustworthy in terms of up-to-date
products (due to rigorous portfolio maintenance strate-
gies). 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 assess-
ments 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 frame-
work (Tables A11-12 and Figures A3-4 in Additional file 1)
and the living strategy derived from information from liv-
ing recommendation literature [18, 26, 27] mapped to the
framework’s elements (Table A13 and Figure A5 in Addi-
tional File 1) might demonstrate the framework’s poten-
tial 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
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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 stag-
ing variables with acceptable predictive qualities given the
resources available to obtain data on these variables. Artifi-
cial 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 pro-
tocols that could provide better predictive information but
are more resource intensive.

Conclusions

The choices regarding variables, tests, test protocols, indica-
tions, management options, and monitoring when design-
ing a maintenance strategy with the theoretical POMBYTT
framework will have a direct impact on the resulting pro-
cesses in the strategy. These elements aid in thinking about
and being explicit about how the strategy operates when
designing a maintenance strategy. For the resource-con-
strained organization it seems important to consider what
result in acceptable predictive information about the pres-
ence 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 ele-
ments that should be explicitly considered when designing
or adapting maintenance strategies. By taking these ele-
ments into account, organizations might potentially develop
maintenance strategies related to their needs and context.
Furthermore, the framework shows that there can be mul-
tiple 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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