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KEY POINTS

e Shortcomings in the design and conduct of test accuracy studies can lead to biased
estimates of test accuracy. This is supported by empirical evidence for studies of the
accuracy of single tests.

e Cochrane recommends using the QUADAS-2 tool to evaluate the risk of bias and
applicability of test accuracy studies.

e QUADAS-2 assesses therisk of bias of a study across four domains: participant selection,
index test, reference standard, and flow and timing, as well as an overall assessment of
risk of bias. Applicability of the findings to the review question is evaluated for
participant selection, index test and reference standard.

e In studies evaluating the accuracy of two or more index tests, an assessment of risk of
bias and applicability should be performed for each index test included in the review.

e If the accuracy of different tests will be compared in the review, corresponding
comparisons of accuracy in primary studies should also be assessed for risk of bias using
QUADAS-C, an extension of QUADAS-2 for comparative accuracy studies.

e Review authors need to provide guidance in both the protocol and the final review on
how to answer each signalling question and how to arrive at the judgement of risk of
bias for each QUADAS-2 domain.

e Assessments should preferentially be undertaken in parallel by two or more review
authors, and there should be an explicit procedure to resolve disagreements.
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8.1 Introduction

The findings of the assessment of risk of bias and applicability play an important role in the
systematic review process, in particular in the analysis and interpretation of results.
Whether a systematic review of test accuracy studies allows conclusions about the accuracy
of a test, or differences in accuracy between two or more tests, will depend on having
available studies at low risk of bias that directly apply to the review question.

Certain flaws in the design and conduct of test accuracy studies can produce incorrect or
biased results. These flaws put the corresponding study at ‘risk of bias’, meaning that its
internal validity is threatened. Examples of potential issues include the use of an imperfect
reference standard, omitting results from the analyses, or interpreting index test results
with knowledge of the result of the reference standard.

Even in the absence of such flaws, a test accuracy study may generate results that do not
help answer the review question. Study participants may not be similar to those defined by
the review question, the test may be used at a different point in the clinical pathway, or the
test may be used in a different way than intended in the review question. Such a mismatch
may lead to concerns regarding the applicability of the results from a particular study to the
review question. In systematic reviews of test accuracy, both the risk of bias and
applicability are assessed.

Risk of bias and concerns regarding applicability can be considered at different points in the
systematic review process. First, eligibility criteria are defined to ensure that the included
studies meet some minimum criteria. For example, a review may include only studies that
use a particular reference standard, or include only studies in which a third-generation
computed tomography (CT) scanner has been compared to more recent CT scanners. The
use of eligibility criteria is discussed in Chapter 5. Detailed assessment of risk of bias and
applicability of all studies included in the review is then undertaken and the results
reported. This process is addressed in this chapter.

In the analysis phase, studies may be grouped according to characteristics related to risk of
bias or concerns regarding applicability. This can be done both in investigations of
heterogeneity, which investigate differences in results attributable to identifiable study
features, and in sensitivity analyses, which limit the impact of studies of questionable rigour
on study estimates, as described in Chapter 9.

The strength of evidence supporting a review’s conclusions depends on the overall
assessment of risk of bias and applicability of the evidence base. Recommendations for
future research are made, noting particular methodological deficiencies in the existing
studies, as outlined in Chapter 12. If the results of individual studies are biased and they are
synthesized without consideration of this bias, then the conclusions of the review cannot be
trusted.

The focus of this chapter is on assessing risk of bias and applicability for individual studies
in a review. These studies may have assessed the accuracy of one index test, of multiple
tests, or they may have compared the accuracy of two or more tests.
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Specific issues arise for individual studies making a comparison between two or more index
tests. For example, a head-to-head comparison between two index tests made within a
study where all individuals receive both tests under evaluation will be regarded as more
valid than comparisons made between studies where the two tests are evaluated in
different studies (see Chapter 3). This chapter also provides guidance on assessing
comparative accuracy studies (Yang 2021a).

8.2 Understanding bias and applicability

8.2.1 Bias and imprecision

Bias is a systematic error or deviation from the truth, either in the results of a study or in
inference based on these results. Biases can act in either direction, leading to over-
estimation or under-estimation of the true test accuracy.

It is difficult to evaluate whether the results of a single study are biased, and often
impossible to predict the magnitude of a bias. However, when weaknesses or shortcomings
are identified, judgements can be made of the risk of bias in an individual study, and
sometimes its likely direction and size can be hypothesized.

Bias should not be confused with imprecision, which arises when an estimate is based on a
small sample. Imprecision results from random error, whereas bias reflects a systematic
error. Statistical analysis can appropriately describe the uncertainty in an estimate caused
by random error, by using confidence intervals for example, but the confidence interval
provides no information about the presence or absence of systematic error. In a systematic
review we assess the risk of bias by examining the design and conduct of included studies.

8.2.2 Bias versus applicability

Traditionally the broader phrase ‘assessment of methodological quality’ was used (Moher
1996, loannidis 1998, Verhagen 2001), but in 2008 this was replaced by ‘assessment of risk
of bias’ in Cochrane Reviews of interventions. Risk of bias focuses on whether the results of
an individual study are valid and should be believed (Higgins 2008). Assessments focused
on judging whether the methods used could introduce a risk of systematic error (i.e. bias)
rather than on assessing the broader concept of methodological quality.

In addition to the assessment of risk of bias, a separate concept is considered in systematic
reviews of test accuracy: the applicability of the results of individual studies to the review
question (see Box 8.2.a). In test accuracy research the applicability of study findings to the
review question matters, because estimates of accuracy can differ depending on population
and setting characteristics (Ransohoff 1978, Mulherin 2002, Whiting 2013).
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Box 8.2.a Bias and applicability

Bias: the degree to which estimates of diagnostic accuracy deviate from the truth. Risk of
bias occurs if systematic flaws or limitations in the design or conduct of a test accuracy
study produce study results that do not reflect the true accuracy of the test(s), as
evaluated in the study.

Applicability: the extent to which findings from a primary study apply to the review
question. Concerns regarding applicability may arise if the index test was evaluated in
conditions that differ from those in the review question: if the index test was applied or
interpreted differently, in a study group with different demographic or clinical features,
or with a different definition of the target condition.

Concerns regarding applicability address partial or potential mismatches between the
question addressed in an individual study and the question addressed in the systematic
review. A study of a rapid antigen detection test in children, for example, may be done
without serious limitations in design and conduct, and therefore be classified as at low risk
of producing biased results. Yet if the review question addressed the performance of that
same test in adults, the study findings may not directly answer the question of the
systematic review, and review authors can express concerns regarding the applicability of
the results of that study to their review.

A single diagnostic test can be applied in different ways and in different positions in the
clinical pathway. For example, positron emission tomography-computed tomography
(PET-CT) could be used as an add-on test after conventional staging to detect additional
metastases in colorectal cancer patients with negative findings on earlier tests. In contrast,
PET-CT could also be used as the first test in persons just diagnosed with colorectal cancer.
Both are relevant uses of the test (potential review questions), but diagnostic accuracy may
vary depending on the intended use of PET-CT. A study of PET-CT without methodological
shortcomings, at low risk of producing biased results, may receive different applicability
judgements, depending on the specific review question being addressed.

Poor and incomplete reporting of test accuracy studies frequently hampers the assessment
of key features of design or conduct, making it difficult to judge the risk of bias or
applicability (Reid 1995, Bossuyt 2003a, Lumbreras-Lacarra 2004, Smidt 2005, Korevaar
2015). When aspects of study design or execution are not reported, it is impossible for the
reader to differentiate between poorly reported studies that used robust methodology, and
studies applying poor methods that are likely to produce biased results. There are signs that
the publication of the STARD statement (STAndards for the Reporting of Diagnostic
accuracy studies) in 2003 (Bossuyt 2003a, Bossuyt 2003b) has improved the reporting of test
accuracy studies, and it is hoped that this trend will continue (Korevaar 2014, Korevaar
2015). The STARD statement was updated in 2015 to STARD 2015 (Cohen 2016).
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8.2.3 Biases in test accuracy studies: empirical evidence

The bias associated with particular study features can be examined in a field known as
meta-epidemiology (Naylor 1997, Sterne 2002). A meta-epidemiological study starts with
one or more sets of primary test accuracy studies. Each set examines a similar test accuracy
question, but diagnostic tests and questions can differ across sets. Within each set, accuracy
estimates of studies with and without a specific design feature are compared to get an
empirical estimate of the bias associated with that feature. In the case of multiple sets of
studies, estimates from each set can be included in meta-analysis, to obtain a more precise
estimate of the bias.

While estimation and detection of the impact of certain design features have been well
studied for randomized controlled trials in meta-epidemiology, only a few such projects
have been undertaken for test accuracy studies (Lijmer 1999, Rutjes 2006). For many aspects
of study methodology, conclusions about the existence or the magnitude of bias are based
on case studies or on theoretical reasoning (Whiting 2013). Where meta-epidemiological
evidence of bias for particular design items exists, we profile both empirical and theoretical
evidence when discussing and illustrating specific issues within each domain.

8.3 QUADAS-2

8.3.1 Background

A large number of methodological quality assessment tools are available for test accuracy
studies. A review of such tools in 2005 identified over 90 instruments (Whiting 2005).
Because of the lack of a universal tool that can be used for test accuracy studies across all
clinical domains and types of index tests, an initiative was started to develop a generic tool
named QUADAS (Whiting 2003).

QUADAS-2 is a revision of the original QUADAS tool (Whiting 2011). QUADAS was formally
revised and redesigned based on feedback from review authors, developments in the risk-
of-bias tool for intervention reviews and new evidence about sources of bias and variation
in test accuracy studies (Whiting 2013).

The QUADAS-2 tool has been widely accepted and is now the most frequently used tool for
the assessment of risk of bias and applicability of primary studies in a systematic review of
test accuracy; it is recommended by Cochrane for Cochrane Reviews of diagnostic test
accuracy. The latest version of the tool, a template and background information can be
found at www.quadas.org.

Key characteristics of the QUADAS-2 tool are:

e It evaluates the risk of bias of a study in four key domains:

o participant selection (Section 8.4);
o index test (Section 8.5);
o reference standard (Section 8.6); and
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o flow and timing (Section 8.7).

e Signalling questions are included to facilitate judgements of the risk of bias.

e The first three domains are also assessed to identify concerns regarding
applicability.

e For each domain, studies are rated as ‘low’, ‘high’ or ‘unclear’ for risk of bias; and
‘low’, ‘high’ or ‘unclear’ for concerns regarding applicability.

QUADAS-C, an extension of QUADAS-2 designed to assess risk of bias in primary studies
comparing the accuracy of two or more tests, was published in 2021 (Yang 2021a). Later, we
discuss QUADAS-2 as a starting point and explain where in the process the assessment
should be modified for comparative accuracy studies, as recommended by QUADAS-C.

8.3.2 Risk-of-bias assessment

Signalling questions have been included to facilitate the process of reaching a judgement
on the risk of bias for each domain. These questions are mainly factual questions that flag
the potential for bias. Signalling questions are answered ‘Yes’, ‘No’ or ‘Unclear’, and are
phrased such that ‘Yes’ indicates low risk of bias. If all signalling questions for a domain are
answered ‘Yes’, then risk of bias for this domain can be judged as ‘low’. If any signalling
question is answered ‘No’, this flags the potential for bias.

Itis possible that one or more signalling questions are answered ‘No’ while the domain-level
judgement is still ‘low risk of bias’. A ‘No’ answer should lead to a closer examination of the
potential effect of design deficiencies, in terms of bias. If the shortcoming exists but is
relatively minor, the final judgement could still be that the study is at low risk of producing
biased results.

Review authors should rely on judgement to decide whether the potential source of bias
flagged by the signalling question puts the study at risk of bias for that domain. The ‘unclear’
category should be used only when insufficient data are reported to permit a judgement.

When assessing risk of bias in a comparative accuracy study, the same structure and the
same domains are assessed. The domains are first evaluated for each index test and then,
with additional signalling questions, for the comparison. In Section 8.4 to Section 8.7,
specific guidance for comparative accuracy will be discussed in addition to the guidance for
single test accuracy.

8.3.3 Applicability assessment

Review authors are expected to record the information on which the judgement of
applicability is based and then to rate their concern that the study does not match the
review question. Concerns regarding applicability are judged as ‘low’, ‘high’ or ‘unclear’.
Applicability judgements depend on precise formulations of review questions. Here also,
the ‘unclear’ category should only be used when insufficient data are reported. The specific
sections on each domain provide a more detailed explanation on how to judge the concerns
regarding applicability in all relevant domains.
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In comparative accuracy studies, concerns regarding applicability are captured by the
QUADAS-2 assessments for each of the index tests in the comparison. Therefore, QUADAS-C
does not include questions on applicability.

8.3.4 Using and tailoring QUADAS-2

Detailed information on how to answer the signalling questions and how to arrive at a risk-
of-bias judgement for each domain are provided in Section 8.4. To make the process as
transparent and objective as possible, review authors should produce guidance specifically
for their review on how to answer each signalling question and how to use the answers to
signalling questions to reach a judgement of risk of bias for each domain. Providing clear
instructions on how to answer the signalling questions will improve consistency of
interpretation between assessors. This should be done at the protocol stage, prior to
conducting the QUADAS-2 assessment.

Review authors also have the option of adding specific signalling questions within a domain
if particular issues relevant to their review are not fully covered by the standard QUADAS-2
tool. If review authors decide to add their own questions to the tool, they should phrase
these in the same way as the questions in the main tool, to facilitate standardized reporting
and interpretation of risk of bias and applicability in the review. Signalling questions should
always be phrased so that a ‘Yes’ answer indicates no or limited risk of bias, and care should
be taken that each question only covers one potential aspect of bias. For many reviews, the
need to add questions will be limited.

8.3.5 Flow diagram

A flow diagram depicts the method of recruiting participants (for example, using a
consecutive series of participants with specific symptoms suspected of having the target
condition or separate groups of participants, one with and one without the target
condition), the number of participants receiving which index test(s), which reference
standard(s) and in which order. For a comparative accuracy study, drawing a flow diagram
may help differentiate different study designs, e.g. (1) studies in which all eligible
participants were given all index tests from (2) studies in which participants were given
either one or both index tests, but of which only the fully paired subset was analysed. A good
flow diagram will facilitate the answering of signalling questions and lead to better
judgements of the risk of bias in a test accuracy study.

Review authors should draw a flow diagram for each included primary study if none is
reported in the publication or if the published flow diagram is inadequate.

No single flow diagram structure can apply to all test accuracy designs; review authors will
need to construct carefully the diagram for the study under evaluation. An example of a flow
diagram, representing the recruitment of participants and the flow of participants, is given
in Figure 8.3.a. Additional examples of flow diagrams can be found in the online
supplementary material (8.S1 Example study flow diagrams).
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8.3.6 Performing the QUADAS-2 assessment

Once the tool has been adapted to the review question and a final version with
accompanying guidance has been produced, the next step is to develop a form to record the
risk-of-bias and applicability assessment. On this form the review authors can record the
answers to the signalling questions, and the judgement of risk of bias and applicability for
each domain. This form should also contain space to record support for the judgement, a
succinct summary of the stated facts given in the study report upon which the judgement is
based. Review authors may find it useful to note where the description is taken from (e.g.
the exact location within a report) for their own reference purposes.
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Figure 8.3.a Example of a study flow diagram for a test accuracy study

A period of testing and training is essential to improve the quality of forms and to calibrate
answers between review authors, thereby lowering the number of future disagreements. It
is usually a good idea for review authors to pilot the form on a diverse sample of at least five
reports included in the review and then to meet and discuss any discrepancies in ratings.

Poor reporting is a major obstacle to risk-of-bias assessment because it obscures whether a
design feature was correctly applied but not reported, or was inappropriately applied,
potentially introducing bias. Contacting study authors for further information is one
method of dealing with poor reporting (Pai 2003) (see Chapter 7, Section 7.2.2). This process
may provide useful information and so is a worthwhile undertaking. To reduce the risk of
overly positive answers, caution should be exercised in ensuring that study authors are not
asked leading questions. For example, it is better to ask the study authors to describe their
processes, such as ‘How did the physicians in the study decide whether an individual
underwent biopsy?’ or ‘What information was the radiologist given about a patient?’, rather
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than directly asking them to make a judgement as to whether their study was at risk of
producing biased results.

Preferably, at least two review authors should perform the assessment independently. The
review authors should have relevant knowledge of both the methodological issues of test
accuracy studies and the clinical topic area. There should be an explicit procedure for
resolving disagreements among review authors. This may involve discussion between
review authors or referral to a third author if agreement cannot be reached.

Blinding for journal, and/or names of study authors, is not recommended, as it can be
difficult to achieve in practice, is time consuming and its benefit is uncertain (Jadad 1996,
Berlin 1997, Kjaergard 2001, Gluud 2008).

Review authors are encouraged to clarify, for each question, why they assigned a judgement
for the corresponding domain, in light of potential problems being present.

8.4 Domain 1: Participant selection

The first domain relates to participant selection: how study participants were identified,
contacted and included in the study, and whether this could have introduced bias.
Applicability refers to the match, or the lack thereof, between study participants and the
target population, as defined in the review question.

8.4.1 Participant selection: risk-of-bias signalling questions (QUADAS-2)

The key issue to address here is whether the selection of participants could have introduced
bias. QUADAS-2 includes three signalling questions to flag the risk of bias for the participant
selection domain.

Signalling question 1: Was a consecutive or random sample of participants enrolled?

A test accuracy study should ideally enrol a consecutive series of participants suspected of
having the target condition, or a random sample thereof. Studies that recruit participants
in a different way may produce estimates of test accuracy that do not reflect the
performance of the test in clinical practice.

Enrolling a consecutive series of participants, or a random sample thereof, ensures that
study participants are likely to be representative of those undergoing testing in practice. It
guarantees that persons more difficult to diagnose are not purposefully excluded from a
study, or that persons for whom there is a strong suspicion of the target condition are not
preferentially selected for inclusion in the study. Review authors should note that the term
‘consecutive’ is used liberally by authors in primary study reports, and does not always
indicate a truly consecutive series of participants suspected of having the target condition.

A large number of studies reporting on the accuracy of a test have included a study group
that does not form a consecutive series of participants suspected of having the target
condition. Instead, they have recruited what can best be described as convenience samples:
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they used results at hand or recruited study participants in a non-systematic way, for
example.

Examples are studies that searched hospital records for patients who, in the past, had
undergone both the index test and the reference standard, or comparative accuracy studies
enrolling only participants in whom a second index test was deemed necessary. Such
situations should be flagged as having non-consecutive series (signalling question), but
when judging the risk of bias for this domain, review authors need to consider whether the
sampling strategy is likely to have introduced bias.

Critical in this judgement is whether the included group of participants can still be
considered representative of the target population. This judgement can be difficult, as many
studies do not explicitly report on the processes for identifying, selecting and inviting
potentially eligible study participants.

Signalling question 2: Was a case-control design avoided?

Some studies use one selection process to recruit participants already known to have the
target condition and a different one to recruit participants known not to have the target
condition (see ‘multiple groups’ in Chapter 3) (Rutjes 2005). This used to be referred to as a
‘case-control design’. The selection of ‘cases’ (those with the target condition) and
‘controls’ (those without the target condition) then becomes a critical issue, as estimates of
sensitivity and specificity will be biased if cases and/or controls systematically differ from
individuals with and without the target condition within the target population.

A clear example is a study including one group of participants with the target condition and
asecond group of healthy controls (Lijmer 1999, Pai 2003). Including healthy, asymptomatic
controls, such as blood donors, can be expected to lead to fewer false positive test results
compared to the inclusion of participants with symptoms suggesting the presence of the
target condition. As a consequence, estimates of specificity are likely to be inflated.

Accuracy studies with multiple groups of participants, each recruited in a different way,
often also include more typical or more extreme phenotypes of the target condition. These
typical cases are more likely to receive true-positive test results, compared to a group of
participants that represents the full spectrum of the target condition, from less severe to
more severe.

A design in which those with the target condition and those without are each randomly
sampled from one consecutive series of participants suspected of having the target
condition will not lead to biased estimates (Biesheuvel 2008, Pepe 2008). Such a study bears
similarities with what is known as a nested case-control study in aetiological research. This
is an example of a situation in which a signalling question will be answered with ‘No’ (red
flag), without assigning a high risk of bias for this domain.

Signalling question 3: Did the study avoid inappropriate selection criteria?

This signalling question draws attention to whether a study excluded persons at the point
of enrolment, even though such persons are or will be evaluated with the index test in
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clinical practice. This may influence estimates of test accuracy for that study, which then no
longer reflects the accuracy of the test in clinical practice.

This question about inappropriate selection criteria relates only to the eligibility criteria and
the recruitment process, i.e. how participants were invited for the study; exclusion of study
participants after enrolment is covered in the flow and timing domain (domain 4).

Examples include the exclusion of patients with high body mass index (BMI) in ultrasound
studies for abdominal pain, or the exclusion of patients with pre-existing lung disease in
studies examining the accuracy of CT in patients with suspected pulmonary embolism. In
both situations, patients who potentially were more difficult to diagnose were not enrolled
in the study, which may lead to inflated estimates of diagnostic accuracy.

It is possible that a study did not have explicit exclusion criteria, but specific subgroups
undergoing the test in practice are notably absent from the study group. This can
sometimes be deduced from a table with baseline characteristics. In that case, study-
specific accuracy estimates may also be biased, if the risk of false positive test results, or the
risk of false negative test results, is known to vary depending on patient characteristics. For
example, the specificity of D-dimer, a test for pulmonary embolism, is known to be lower in
higher age groups. A study to estimate its accuracy in an emergency department may
produce biased estimates if that study failed to include elderly patients.

Given the complexity of the problem underlying this signalling question, review authors are
encouraged to generate detailed guidance on how to answer this signalling question for
their review.

8.4.2 Participant selection: additional signalling questions for comparative
accuracy studies (QUADAS-C)

Informative comparisons of the accuracy of tests should reflect the performance of these
tests in the same target population. If one test is evaluated in one group of participants and
the other tests in different groups, any difference in accuracy may be due, in part or in full,
to differences between these groups, rather than to the tests evaluated. QUADAS-C contains
four additional signalling questions for the participant selection domain to cover specific
sources of bias that are relevant for comparative accuracy studies.

Additional signalling question 1: Was the risk of bias for each index test judged ‘low’
for this domain?

We first consider whether the risk-of-bias judgement in QUADAS-2 for the participant
selection domain was judged as ‘low’ for all index tests in the comparison. If not, the study
group or combination of study groups may not be representative of the target population.
This may be the case, for example, if participants difficult to evaluate with one of the index
tests were excluded.

This question should be answered with ‘No’ if at least one of the index tests was judged to
be at ‘unclear’ or ‘high’ risk of bias for this domain.
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Additional signalling question 2: Was a fully paired or randomized design used?

This question addresses whether an appropriate design was used to compare multiple
index tests. The preferred option for comparing multiple tests is to perform all index tests in
all participants (fully paired design); an alternative is random allocation to one index test or
to another (randomized design).

If neither a fully paired nor randomized design was used, those receiving one index test and
those receiving another may not be comparable in terms of factors that affect test accuracy.
An example is allocation of study participants to one specific index test based on presenting
features, and allocation of all other participants, without such features, to a different index
test.

It may be challenging to distinguish a fully paired design with missing index test results from
a ‘partially paired’ design, in which some participants receive all index tests while others
receive only one of the tests. Examining the study protocol (if available) or careful
examination of the Methods section of the study report may clarify if this partially paired
design was the design intended by the study investigators (Yang 2021b).

Additional signalling question 3: Was the allocation sequence random? (only
applicable to randomized designs)

The allocation sequence in a randomized comparative accuracy study should be generated
by a truly random process. This could be achieved by computer-based random number
generators, drawing lots, random number tables, or other methods that involve a truly
random component. Assigning tests to a person based on admission date or date of birth is
not a fully random process. Details about the randomization process may often be poorly
reported in studies and it may be necessary to contact the study authors for further details.

Additional signalling question 4: Was the allocation sequence concealed until
participants were enrolled and assigned to index tests? (only applicable to randomized
designs)

A failure to conceal the allocation when deciding about the eligibility of a potential study
participant may lead to selective enrolment of participants. If so, the groups assigned to the
respective tests may no longer be comparable and estimates of relative accuracy may be
biased.

Concealment of allocation may be achieved, for example, by assigning the randomly
generated number only after the participant was enrolled, by allocating participants by
means of a central randomization procedure, or by keeping random numbers in
sequentially numbered opaque and sealed envelopes.

Table 8.4.a summarizes the signalling questions used in the risk-of-bias assessment for the
participant selection domain. Additional signalling questions are listed in Table 8.4.b.
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Table 8.4.a Summary of risk-of-bias assessment for Domain 1: Participant selection

Signalling question 1: Was a consecutive or random sample of participants
enrolled?

Yes If the method of recruitment was consecutive or a random sample was taken
from a consecutive series

No If there is evidence for non-consecutive or non-random inclusion of eligible
participants

Unclear | If the method of participant sampling is unclear

Signalling question 2: Was a case-control design avoided?

Yes If a single group of participants suspected of having the target condition was
recruited
No If two or more groups of participants were separately recruited, with one

group consisting of participants already known to have the target condition,
and a second group consisting of healthy controls, or a group of participants
with a specific alternative condition

Unclear | If the selection of participants is unclear

Signalling question 3: Did the study avoid inappropriate selection criteria?

Yes If all patients who would undergo the test in practice were eligible for the
study
No If selection criteria were defined such that specific subgroups within the target

population were ineligible, or if such patients were not invited to the study

Unclear | Ifitis unclear whether inappropriate selection criteria were used

Risk-of-bias assessment: Could the selection of participants have introduced bias?

Low If the answer to all signalling questions is ‘Yes’ then risk of bias can be
considered low

High If the answer to any of the signalling questions is ‘No’, there is a potential for
bias. If one or more of the answers is ‘No’, the judgement could still be low risk
of bias, but specific reasons why the risk of bias can be considered low should
be provided
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Unclear

If relevant information is missing for all or some of the signalling questions,
and none of the answers to signalling questions is judged to put the study at
high risk of bias

Table 8.4.b Comparative accuracy, additional signalling questions for the participant
selection domain (QUADAS-C)

Additional question 1: Was risk of bias for this domain judged ‘low’ for all index

tests?
Yes if risk of bias in QUADAS-2 was judged ‘low’ for all index tests
No if risk of bias in QUADAS-2 was judged to be ‘high’ or ‘unclear’ for one or more

index tests

Additional question 2: Was a fully paired or randomized design used?

Yes If it is clear from the study report or from the study protocol that, by design, all
participants would receive all tests (fully paired design) or that participants
would be randomly allocated to one of the tests (randomized design)

No Neither a fully paired nor randomized design was used to allocate participants
to index tests

Unclear | If it was unclear how participants were allocated to the tests being compared

Additional question 3: Was the allocation sequence random? (only applicable to
randomized designs)

Yes

If authors used a truly random process to generate the allocation sequence

No

If authors generated an allocation sequence that was not the result of a truly
random process

Unclear

If authors only stated that the study was randomized without further
information

Additional question 4: Was the allocation sequence concealed until participants
were enrolled and assigned to index tests? (only applicable to randomized designs)

Yes

If authors report an appropriate method to conceal allocation

No

If authors did not conceal the allocation at the time of enrolment
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Unclear | Ifitis unclear whether allocation was concealed

Risk-of-bias judgement:

Low If the answer to all additional questions is ‘Yes’, then risk of bias can be
considered low

High If the answer to any of the signalling questions is ‘No’, there is a potential for
bias. If one or more of the answers is ‘No’, the judgement could still be low risk
of bias, but specific reasons why the risk of bias can be considered low should
be provided

Unclear | If relevant information is missing for all or some of the signalling questions,
and none of the answers to signalling questions is judged to put the study at
high risk of bias

8.4.3 Participant selection: concerns regarding applicability

The question to be answered is whether there are concerns that the included participants
and setting do not match the review question. It is possible that the primary study was
designed to answer a research question that differs from the review question. For that
reason, the group of participants in a study may not match the population that is targeted
by the review question.

Concerns regarding applicability may arise if study participants differ from those targeted
by the review question in terms of severity of the target condition, demographic features,
presence of alternative conditions or comorbidity, setting of the study, or previous tests. For
example, larger tumours are more easily detected on imaging than smaller ones, and larger
myocardial infarctions lead to higher levels of cardiac enzymes than small infarctions,
making them easier to detect and so increasing estimates of sensitivity. A D-dimer test may
be evaluated in an emergency department setting, while the review addresses the question
of its accuracy when performed by general practitioners.

If a test accuracy study recruits one group of patients with known severe disease and a
second group of healthy controls, it will be flagged here, but also assessed as being at high
risk of bias in the participant selection domain, because such a study will produce inflated
estimates of sensitivity and specificity.

Table 8.4.c Summary of main issues when evaluating applicability for the participant
selection domain

Domain 1: Concerns regarding applicability
Participant
selection
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Are there concerns that the included participants and setting do not match the
review question?

Low If the spectrum of participants (inclusion and exclusion criteria,
setting, prior testing) matches the pre-stated requirements in the
review question

High If the spectrum of participants does not fully match the pre-
stated requirements in the review question

Unclear If there is insufficient information available to make a judgement
about applicability

Table 8.4.c summarizes the main issues when evaluating applicability for the participant
selection domain.

8.5 Domain 2: Index test

This domain relates to the index test: whether conduct or interpretation of the index test
could have introduced bias, and whether the index test, as used in the study, reflects the
one in the review question (applicability).

8.5.1 Index test: risk-of-bias signalling questions (QUADAS-2)

The key issue to answer is whether the conduct or interpretation of the index test could have
introduced bias. Two signalling questions are included to flag potentialissues within a study
that could lead to bias.

Signalling question 1: Were the index test results interpreted without knowledge of the
results of the reference standard?

Interpretation of index test results may be influenced by knowledge of the reference
standard, thereby artificially increasing concordance between them, leading to higher
estimates of accuracy (Whiting 2013). The potential for bias is related to the degree of
subjectivity involved in interpreting the index test. When an index test requires an
interpretation, interpreters are more likely to be influenced by the results of the reference
standard than with a fully automated or objective test. It therefore matters whether the
unblinded interpretation of the index test could have led to bias.

Whether or not blinding was undertaken in a study may not be stated explicitly in the study
report or protocol; if index tests and reference standard are undertaken and interpreted in
a specified order, the first test will have been performed without access to the results of the
second.

Where the index test and reference standard were undertaken by different individuals, a
degree of ambiguity may exist about what information was available for each test. In some
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instances, knowledge of standard laboratory practices may allow reasonable assumptions
to be made, but confirmation from the study authors is always desirable.

Signalling question 2: If a threshold was used, was it pre-specified?

For index tests that give ordered categories, counts or continuous measurements, a
threshold is applied to classify test results as positive or negative (see Chapter 4). Selecting
a positivity threshold in a study during data analysis, instead of during study design or
protocol development, can lead to inflated estimates of test accuracy. This is especially the
case when the selection is based on calculations of accuracy. In many studies, for example,
authors select the positivity threshold that maximizes the sum of sensitivity and specificity
(Youden index, see Chapter 4) in the data they have collected.

The reason post-hoc selection of the positivity threshold causes bias is that the observed
ROC curve will fluctuate considerably around the true underlying ROC curve, especially in
small studies. A data-driven selection of a threshold is likely to result in selecting a point
estimate that is by chance further away from the true underlying ROC curve. Subsequently
using that same threshold in an independent sample of patients is likely to lead to lower
estimates of accuracy (Leeflang 2008). Pre-specifying the threshold before collecting or
analysing will prevent this bias.

The following should be considered when judging whether a data-driven threshold is likely
to produce a biased result. First, the magnitude of the biasis inversely related to sample size
(Leeflang 2008). In a large study the observed ROC curve will be closer to the true underlying
curve. Bias due to data-driven selection of thresholds is therefore smaller in studies with at
least 100 participants with and, at the same time, 100 without the target condition (Leeflang
2008). Second, researchers may have used more robust methods for selecting a threshold,
for example by first fitting smooth ROC curves based on parametric or non-parametric
assumptions. Such methods generally reduce bias, but their performance depends on
whether underlying assumptions are met (Leeflang 2008).

Ideally, study authors should use a positivity threshold that was predefined in the study
protocol, or one that is specified by the manufacturer of the test. In the case of truly
dichotomous index test results, this signalling question can be answered ‘Yes’, because
there is no risk of bias due to selection of thresholds.

8.5.2 Index test: additional signalling questions for comparative accuracy
studies (QUADAS-C)

For comparative accuracy studies, the signalling questions should first be answered for each
index test separately. There are four additional questions to consider for the index test
domain when dealing with comparative accuracy studies.

Additional signalling question 1: Was the risk of bias for each index test judged ‘low’
for this domain?

If the risk-of-bias judgement in QUADAS-2 for the index test domain was judged as ‘high’ for
one or more index tests, then the comparison between these index tests would likely be
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biased as well. For example, if index test A was interpreted with knowledge of the results of
the reference standard, then not only is the estimated accuracy of A possibly biased, but
also the estimate of the difference in accuracy between A and another index test B. If
estimates of both test A and test B are judged to be at high risk of bias, the comparison
between them will still be at high risk of bias, as the direction and magnitude of bias
affecting each index test may not be the same.

Additional signalling question 2: Were the index test results interpreted without
knowledge of the results of the other index test(s)? (only applicable if participants
received multiple index tests)

Interpreting an index test while knowing the results of another may artificially increase
concordance between the results of these index tests and could therefore bias the
comparison. Such a bias could be mitigated by blinding the index test interpreter from the
results of the other index test(s).

When answering this signalling question, similar considerations from the QUADAS-2
question ‘Were the index test results interpreted without knowledge of the results of the
reference standard?’ apply: the potential for bias depends on the degree of subjectivity
involved in test interpretation. The order in which the tests were performed and interpreted
may suggest whether or not the interpretation was blinded.

In addition, authors of systematic reviews comparing the accuracy of one index test versus
a combination of that test with another should note that blinding is not always necessary.
For example, in a comparative accuracy study of ultrasound versus ultrasound followed by
CT, CT readers do not need to be blinded to the results of ultrasound if ultrasound results
are also available to the CT interpreter in practice. In this example, only the ultrasound
interpreter needs to be blinded to the results of CT.

Additional signalling question 3: Is undergoing one index test unlikely to affect the
performance of the other index test(s)? (only applicable if participants received
multiple index tests)

It is possible for an index test to influence or interfere with the performance of subsequent
index tests. Possible reasons for interference include patient or investigator fatigue (if
performing the index tests requires mental or physical effort) and contrast agents or
relaxants used for the first imaging test that may also affect the performance of the second
test. If so, accuracy estimates for the second index test may not reflect its accuracy when
performed as a first test.

Randomizing the order of index tests is sometimes done with the intention of preventing
this bias, but a random order is expected to prevent bias only under the following
circumstances: (1) the first test interferes with the performance of the second test and the
other way round, if the order is reversed; and (2) the bias affecting each test has the same
direction and magnitude on the scale of interest (absolute or relative difference in
accuracy).
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Additional signalling question 4: Were the index tests conducted and interpreted
without advantaging one of the tests?

There may be ways of handling or interpreting the index tests that may advantage one test
over the other. An example is when one index test is interpreted by an experienced reader
whereas the competing index testis interpreted by a less experienced reader. One index test
may be performed in a specialized clinic whereas the other is performed in a busy general
practice. One index test may be performed on fresh samples while frozen samples are used
for the other test. Differences between the index tests that reflect differences in clinical
practice should not be considered to be a source of bias.

Table 8.5.a summarizes the signalling questions and how these should be answered to
assess the risk of bias for the index test domain. Additional signalling questions are listed in
Table 8.5.b.

Table 8.5.a Summary of risk-of-bias assessment for Domain 2: Index test

Signalling question 1: Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes If the index tests were interpreted without access to the results of the
reference standard (explicitly stated or assumed from typical practice)

No If the index tests were clearly interpreted with access to the results of the
reference standard

Unclear | Ifitis unclear whether index tests were interpreted without access to the
results of the reference standard

Signalling question 2: If a threshold was used, was it pre-specified?

Yes If the positivity threshold was pre-specified during protocol development
No If the positivity threshold was based on an analysis of data collected in the
study itself

Unclear | Ifitis unclear how the positivity threshold for the index test was selected

Risk-of-bias judgement: Could the conduct or interpretation of the index test have
introduced bias?

Low If the answer to all signalling questions is ‘Yes’, then risk of bias can be
considered low

High If the answer to any of the signalling questions is ‘No’, there is a potential for
bias. If one or more of the answers is ‘No’, one could still assign a low risk of
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bias but specific reasons for doing so should be provided. For example, if
information on reference standard results was available to the person
interpreting the index test, but the index test results were generated by a
device, then this is unlikely to have introduced bias

Unclear | If relevant information is missing for all or some of the signalling questions,
and none of the answers to signalling questions is judged to put the study at
high risk of bias

Table 8.5.b Comparative accuracy, additional signalling questions for the index test
domain (QUADAS-C)

Additional question 1: Was the risk of bias for each index test judged ‘low’ for this
domain?

Yes If risk of bias in QUADAS-2 was judged ‘low’ for both or all index tests
No If risk of bias in QUADAS-2 was judged to be ‘high’ or ‘unclear’ for one or more
index tests

Additional question 2: Were the index test results interpreted without knowledge of
the results of the other index test(s)? (only applicable if participants received
multiple index tests)

Yes If it is likely that the interpretation of each index test was done without
knowledge of the results of the other index test(s) in the study

No If it is likely that the interpreter of any one of the index tests was aware of the
results of any of the other index tests

Unclear | Ifitis unclear whether the interpreters of the index tests were aware of the
results of the other index tests

Additional question 3: Is undergoing one index test unlikely to affect the
performance of the other index test(s)? (only applicable if participants received
multiple index tests)

Yes If the conduct of the index tests could not have influenced the performance of
any of the other index tests

No If it is likely that the conduct of one index test influenced the performance of
subsequent index test(s)
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Unclear | Ifitis unclear whether an index test could have influenced the performance of
subsequent index test(s)

Additional question 4: Were the index tests conducted and interpreted without
advantaging one of the tests?

Yes If all index tests were performed and interpreted under similar circumstances

No If there are substantial differences in how the index tests were performed or
interpreted, and these differences are likely to affect the accuracy of one of
the tests more favourably relative to the other test(s)

Unclear | If the study provides insufficient information to judge whether the index tests
were done under similar circumstances

Risk-of-bias assessment: Could the conduct or interpretation of the index tests
have introduced bias in the comparison?

Low If the answer to all additional questions is ‘Yes’, then risk of bias can be
considered low

High If the answer to any of the signalling questions is ‘No’, there is a potential for
bias. If one or more of the answers is ‘No’, the judgement could still be low risk
of bias, but specific reasons why the risk of bias can be considered low should
be provided

Unclear | If relevant information is missing for all or some of the signalling questions,
and none of the answers to signalling questions is judged to put the study at
high risk of bias

Table 8.5.c Summary of the main issues when evaluating applicability for the index test
domain

Domain 2: . o
Indextest  concernsregarding applicability
Are there concerns that the index test, its conduct or its interpretation differ from the
review question?

If the index test technology and the way the test has been applied and
Low interpreted in the study match the pre-stated requirements in the review
question



Copyright © 2023 The Cochrane Collaboration

Domain 2: ) L
Index test Concerns regarding applicability
Hich If there are differences in index test technology, execution and
& interpretation between the study and the review question
Unclear If there is insufficient information available to make a judgement about

applicability for this domain

8.5.3 Index test: concerns regarding applicability

Variations in test technology, execution or interpretation may affect test accuracy. If index
test methods vary from those specified in the review question, there may be concerns
regarding applicability (Stengel 2005). An accuracy study of an imaging modality, for
example, may use a consensus read by three radiologists, whereas in clinical practice such
images would be read by only one person.

Table 8.5.c summarizes the main issues when evaluating applicability for the index test
domain.

8.6 Domain 3: Reference standard

The central issue in this domain is whether the reference standard, its conduct or
interpretation could have introduced bias, and whether the target condition, as detected by
the reference standard, reflects the review question.

8.6.1 Reference standard: risk-of-bias signalling questions (QUADAS-2)

Two signalling questions in QUADAS-2 flag potential issues within a study that could lead to
bias.

Signalling question 1: Is the reference standard likely to correctly classify the target
condition?

Measures of test accuracy are calculated by assuming that the reference standard is error
free; any disagreement between the index test and the reference standard results will be
classified as either a false positive or false negative index test result.

Bias in estimates of accuracy is likely if the reference standard does not correctly classify
study participants. If there are misclassifications by the reference standard, an index test
result that is classified as a false positive may in fact be a true positive, and a false negative
index test result may be a true negative. As a consequence, imperfect reference standards
can bias estimates of the accuracy of an index test (Boyko 1988).

The net effect of misclassification by the reference standard can be an upward or downward
bias in estimates of test accuracy, depending on the frequency of the misclassification and
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the type of misclassification. Under-estimation can occur when the index test and the
reference standard measure different aspects of the target condition, such that errors in the
reference standard are unrelated to errors in the index test. Accuracy may be overestimated
when the index test and reference standard measure similar aspects of the target condition,
such that errorsin the reference standard are likely to occur together with errorsin the index
test (van Rijkom 1995, Biesheuvel 2007).

Knowledge about imperfections in the reference standard cannot be obtained from a study
in which the accuracy of one or more index tests is evaluated. Evidence about the likelihood
of reference standard misclassifications will have to be found in other studies or systematic
reviews of such studies, for example studies that assessed the reproducibility and
repeatability of the reference standard. An example are tandem colonoscopy studies, in
which consenting participants undergo two same-day colonoscopies with polypectomy
(Zhao 2019). Another example is a study in which liver biopsies are evaluated by not one but
a team of hepatopathologists, who are invited to read these biopsies independently,
blinded from one another’s judgement (Davison 2020).

A perfect reference standard - a gold standard - will rarely be available; most reference
standards have imperfections. Some degree of imperfection may still be acceptable, if the
frequency of misclassification errors from the reference standard is low. At the protocol
stage, review authors will define the preferred reference standard. Many reviews will then
restrict inclusion of studies based on the acceptability of the reference standard in light of
the target condition. In addition, the criteria for scoring this signalling question as ‘Yes’ for
included studies will be defined at the protocol stage.

If one expects the index test to outperform the reference standard, assessing the accuracy
of such a test by assessing index test results against this reference standard will not be
helpful (see Chapter 3). Reviews of test accuracy should not be undertaken in these
circumstances without careful consideration of the methodological issues (Glasziou 2008,
Reitsma 2009).

Signalling question 2: Were the reference standard results interpreted without
knowledge of the results of the index test?

The results of the reference standard are ideally obtained without knowledge of the results
of the index test(s). Knowledge of the index test results can influence the interpretation of
the reference standard (Whiting 2013). The danger is that this may artificially increase
agreement between the index test and the reference standard results, leading to inflated
estimates of test accuracy. This is also known as test-review bias (Ransohoff 1978).

The potential for bias is related to the degree of subjectivity involved in interpreting the
results of the reference standard. When a reference standard requires a more subjective
reading, interpreters are more likely to be influenced by the results of the index test than for
a fully automated reference standard or a reference standard with explicit criteria.

An example is the use of an expert panel as the reference standard, where the expert panel
has access to the index test results (Bertens 2013). In a study examining the accuracy of



Copyright © 2023 The Cochrane Collaboration

magnetic resonance imaging (MRI) in detecting multiple sclerosis, the reference standard
was a panel-based assignment of a final diagnosis, based on all available information,
including MRI results, cerebrospinal fluid analysis and clinical follow-up of participants. To
avoid bias, studies using an expert panel may decide not to present the results of the index
test to the panel, to prevent giving these results too much weight when deciding whether
the target condition is present or not.

An extreme form occurs if index test results are a formal component of the reference
standard; i.e. when the result of the index test is incorporated into the evidence used to
conclude that the target condition is present or absent. The resulting bias is known as
incorporation bias (Ransohoff 1978, Worster 2008).

8.6.2 Reference standard: additional signalling questions for comparative
accuracy studies (QUADAS-C)

For comparative accuracy studies, the signalling questions should first be answered for each
index test separately. There are two additional questions to consider for the reference
standard domain when dealing with comparative accuracy studies.

Additional signalling question 1: Was the risk of bias for each index test judged ‘low’
for this domain?

Similar to the previous domains, we first ask whether the risk of bias in QUADAS-2 for the
reference standard domain was judged as ‘low’ for the index tests being compared. If that
is not the case, the comparison between these index tests could be biased. The use of an
imperfect reference standard in all study participants would not only affect accuracy
estimates for each index test, but could also bias estimates of comparative accuracy.
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Table 8.6.a Summary of risk-of-bias assessment for Domain 3: Reference standard

Signalling question 1: Is the reference standard likely to correctly classify the
target condition?

Yes If a reference standard has been used that is considered by clinical experts to
be error free for the target condition

No If a reference standard has been used that is known to lead to
misclassifications

Unclear | Ifitis unclear exactly what reference standard was used

Signalling question 2: Were the reference standard results interpreted without
knowledge of the results of the index test?

Yes If it is clear that the index test results were not available to those interpreting
the reference standard results

No If it is clear that the index test results were available to those interpreting the
reference standard results

Unclear | Ifitis unclear whether the results of the index test were available to those
interpreting the reference standard results

Risk-of-bias judgement: Could the reference standard, its conduct or its
interpretation have introduced bias?

Low If the answer to all signalling questions is ‘Yes’, then risk of bias can be
considered low

High If the answer to any of the signalling questions is ‘No’, there is a potential for
bias. If one or more of the answers is ‘No’, the judgement could still be low risk
of bias, but specific reasons why the risk of bias can be considered low should
be provided

Unclear | If relevant information is missing for all or some of the signalling questions,
and none of the answers to signalling questions is judged to put the study at
high risk of bias
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Additional signalling question 2: Did the reference standard avoid incorporating any of
the index tests?

The second signalling question in this domain is whether one or more index tests were part
of the reference standard, i.e. used to decide on the presence or absence of the target
condition. If this was the case for one index test (A) and not for another index test (B), the
accuracy of A will be over-estimated, leading to a biased estimate of the difference in
accuracy between the index tests. If both index tests A and B are part of the reference
standard, there is still risk of a biased comparison, as the two index tests may not contribute
equally to the final diagnosis.

Table 8.6.a summarizes the signalling questions and how these should be answered to
assess therisk of bias for the reference standard domain. Additional signalling questions are
listed in Table 8.6.b.

8.6.3 Reference standard: concerns regarding applicability

The question to be answered is whether there are concerns that the target condition as
detected by the reference standard does not match the review question.

Many diseases and conditions are not dichotomous; instead they present as a spectrum,
ranging from less to more severe. When specifying the review question(s), review authors
should be specific about the definition of the target condition in their review, and should
reflect on what reference standard is best able to detect that target condition. The reference
standard should then be selected in light of this target condition. Different reference
standards may detect different forms of the target condition.

Table 8.6.b Comparative accuracy, additional signalling questions for the reference
standard domain (QUADAS-C)

Additional question 1: Was the risk of bias for each index test judged ‘low’ for this
domain?

Yes if risk of bias in QUADAS-2 was judged ‘low’ for both or all index tests

No if risk of bias in QUADAS-2 was judged to be ‘high’ or ‘unclear’ for one or
more index tests

Additional question 2: Did the reference standard avoid incorporating any of the index
tests?

Yes If none of the index tests was part of the reference standard

No If one or more of the index tests were used to decide on presence or
absence of the target condition
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Unclear If it is unclear whether any of the index tests were part of the reference
standard

Risk-of-bias assessment: Could the reference standard, its conduct or its interpretation
have introduced bias in the comparison?

Low risk of | If the answer to all additional questions is ‘Yes’, then risk of bias can be
bias considered low

Highrisk | If the answer to any of the signalling questions is ‘No’, there is a potential
of bias for bias. If one or more of the answers is ‘No’, the judgement could still be
low risk of bias, but specific reasons why the risk of bias can be considered
low should be provided

Unclear If relevant information is missing for all or some of the signalling questions,
risk of bias | and none of the answers to signalling questions is judged to put the study
at high risk of bias

Table 8.6.c Summary of the main issues when judging applicability for the reference
standard domain

Domain 3:
Reference Concerns regarding applicability
standard

Are there concerns that the target condition as detected by the reference standard
does not match the review question?

If the reference standard, as used in the study, detects the target

L .. . . . .
ow condition defined in the review question
Hich If the reference standard, as used in the study, does not detect the
& same (form of) target condition as defined in the review question
If there is insufficient information available to make a judgement
Unclear

about applicability for this domain

For example, when defining urinary tract infection, the reference standard is generally
based on specimen culture, but the threshold above which a result is considered positive
may vary (Tullus 2019). In studies evaluating screening tests for colorectal cancer,
colonoscopy is the accepted reference standard, but the definition of what the test aims to
detect (referred to as ‘advanced neoplasia’) can vary between studies. Table 8.6.c
summarizes the main issues when judging applicability for the reference standard domain.
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8.7 Domain 4: Flow and timing

The fourth and final domain focuses on the flow of participants through a test accuracy
study and the timing of the index test(s) and the reference standard. This domain is only
assessed in terms of consequences for risk of bias. The central issue is whether the
participant flow could have introduced bias.

In the ideal test accuracy study, each participant receives both the index test and the
reference standard at the same point in time. Bias may be introduced if the time interval
between the index test and the reference standard is not appropriate. Bias may also be
introduced if not all study participants are included in the analysis.

8.7.1 Flow and timing: risk-of-bias signalling questions (QUADAS-2)

QUADAS-2 includes four signalling questions to flag potential issues within a study that
could lead to bias in this domain.

Signalling question 1: Was there an appropriate interval between the index test and
reference standard?

Ideally, the index test and reference standard are performed in the same participant at the
same time. If there is a delay, natural disease progression and/or treatment between index
test and reference standard can lead to changes in the target condition: it may be present
at the time of testing with the index test, but resolved by the time the reference standard is
performed, or the other way around. If the target condition resolved during the time
interval, a true positive index test result may be erroneously classified as a false positive. A
delay is therefore a potential cause of bias. The potential for changes in the target condition
because of a delay, and the potential for bias, will vary between conditions.

Conversely, when the reference standard is based on observations during follow-up, a
minimum length may be required to capture the symptoms or signs indicating that the
target condition was present when the index test was performed. For example, for the
evaluation of MRI for the early diagnosis of multiple sclerosis, a minimum follow-up period
of around 10 years is required to be confident that all participants who will go on to fulfil the
diagnostic criteria for multiple sclerosis will have done so (Whiting 2006). If there are
concerns that (effective) treatments may have been applied during the time interval, this
potential for bias may be highlighted in the flow and timing domain.

Starting treatment for the target condition before the reference standard has been
performed (i.e. before the end of follow-up) can affect results, since it may lead to recovery.
When judging the potential for bias, it is important to estimate the proportion of
participantsin whom the interval was inappropriate. The magnitude of the bias willincrease
if the number of participants outside the appropriate interval is larger.

The acceptable length of the interval between index test and reference standard needs to
be specified in the review protocol. A delay of a few days may not be a problem for chronic
conditions, while for acute infectious diseases a short delay may be influential.
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Signalling question 2: Did all participants receive a reference standard?

Researchers should aim to use the preferred reference standard for identifying participants
with the target condition, and they should do so in all study participants. Failure to adhere
to these principles could lead to bias.

Due to practical or ethical constraints, it is sometimes impossible to ascertain disease status
in all participants using the preferred reference standard. If such participants remain
unverified, this is known as partial verification. The biasing effect of partial verification is
difficult to predict, because it depends on whether test-positive or test-negative results are
not verified, whether unverified participants are omitted from the 2x2 table, whether
unverified test negatives are classified as true negatives and unverified positives as true
positives, and whether unverified participants can be considered random samples of index
test negatives and positives (Begg 1983, Diamond 1991).

Thereis no correct way of handling unverified participants in an analysis; sensitivity analysis
in which they are alternately considered as different combinations of test positives and test
negatives may allow an assessment of the potential magnitude of any bias to be
ascertained.

Partial verification is a likely threat in studies using routine care data. It may be considered
good clinical practice not to perform the preferred reference standard (which can be
invasive or costly) in all participants, especially in cases where the available test results
indicate that the probability of the target condition being present is very low.

Random sampling of participants for verification is sometimes undertaken for reasons of
efficiency, particularly in scenarios where disease prevalence is low. If participants are
randomly selected to receive the reference standard (either across the whole sample or,
more commonly, as random samples from index test positives and index test negatives),
unbiased estimates of overall diagnostic performance of the test can be obtained if one
relies on methods that compensate for the sampling plan (Zhou 1998).

Signalling question 3: Did all participants receive the same reference standard?

Some studies use an alternative reference standard in some participants, instead of a single
reference standard in all. The use of different reference standards in a test accuracy study,
often guided by index test results, is known as differential verification (Naaktgeboren 2013).

One clear case is when those with positive index test results receive one reference standard
and those testing negative receive a different one, often a less invasive or less expensive
one. For example, a study evaluating the accuracy of the D-dimer test for the diagnosis of
pulmonary embolism might use CT scanning (reference standard 1) in those testing positive,
but rely on clinical follow-up to decide whether or not those testing negative had a
pulmonary embolism (reference standard 2). This may result in misclassifying some of the
false negatives as true negatives, as some participants with a pulmonary embolism who
were index test negative may be missed by clinical follow-up and so be classified as false
negatives. This misclassification will over-estimate the sensitivity and specificity of the
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index test, compared to a study where all participants with suspected pulmonary embolism
undergo CT scanning.

The studies by Lijmer et al and Rutjes et al found that the presence of differential verification
was associated with an up to 2.2-fold higher diagnostic odds ratio (Lijmer 1999, Rutjes 2006).

An assessment of the risk of bias will require an understanding of the reasons for different
individuals receiving different reference standards, and the nature of the differences
between the reference standards.

Signalling question 4: Were all participants included in the analysis?

All participants recruited into the study should be reported and, in some form, included in
the analysis. If the number of participants in the 2x2 table, used for obtaining estimates of
test accuracy, differs from the number of participants included, then there is a potential for
bias. Assessors should then carefully consider the intended use, context and setting of the
index test, as defined in the review question, and whether the failure to include all included
participants in the 2x2 table is justified.

Participants may be excluded from the 2x2 table because they had an inconclusive
reference standard result. If this is a non-random subset of all participants in the study, the
estimate of sensitivity generated by that study may not reflect the true proportion of test
positives among those with the target condition, and the same applies to estimates of
specificity.

Participants may also be excluded from the 2x2 table because of index test failures, or
inconclusive index test results. The corresponding number of participants will be relevant
when judging the potential usefulness of the index test in practice. Whether exclusion of the
failures is justified will depend on the type of index test and the intended use, for example
whether or not the test procedure can be repeated.

Whether or not a failure to include all participants in the analysis will lead to bias is a matter
of judgement. A ‘No’ to this signalling question will not automatically lead to a high risk-of-
bias judgement. Review authors will have to consider the proportion of participants not
included in the analysis, the mechanisms for these failures and the associations, or lack
thereof, with the presence or absence of the target condition. There is no universally
acceptable proportion of non-included participants, although review authors may define
such a proportion for their specific review in the protocol.

8.7.2 Flow and timing: additional signalling questions for comparative
accuracy studies (QUADAS-C)

For comparative accuracy studies, the signalling questions should first be answered for each
index test separately. There are four additional questions to consider for the flow and timing
domain when dealing with comparative accuracy studies.

Additional signalling question 1: Was the risk of bias for each index test judged ‘low’
for this domain?
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As discussed in the previous domains, bias in the estimates of the accuracy of an individual
test may also lead to bias in the estimates of comparative accuracy of two or more index
tests. Therefore, the risk of bias of each index test should be ‘low’ for the flow and timing
domain as well.

Additional signalling question 2: Was there an appropriate interval between the index
tests?

Even if the time interval between the respective index test and the reference standard is
judged to be appropriate, the time interval between the index tests may not be. If the target
condition is progressive, and one index test is performed at a point later in the disease
progression, the accuracy of these tests may appear different only because of disease
progression, even if there is no true difference in accuracy between them. The definition of
appropriate interval between the index tests will be guided by the review question.

Additional signalling question 3: Was the same reference standard used for all index
tests?

Ideally, in comparative accuracy studies all study participants receive the same reference
standard, irrespective of the index test used. If this is not possible or feasible, then reference
standards may differ between index tests. As the reference standard is a key element in the
assessment of test accuracy, this will almost always affect differences in accuracy between
index tests.

Additional signalling question 4: Are the proportions and reasons for missing data
similar across index tests?

Differences in the number of missing data or exclusions between index tests may lead to
biased estimates of comparative accuracy if missing data do not occur completely at
random. For example, one index test may generate more inconclusive test results than other
index test(s) being evaluated in the study. In that case, there is potential for bias if all such
test results from one index test are excluded from the analysis. This question requires
careful examination of the participant flow through the study and any reasons for
unavailable, or inconclusive, test results as well as exclusion of participants.

Table 8.7.a summarizes the signalling questions and how these should be answered to
assess the risk of bias for the flow and timing domain. Additional signalling questions are
listed in Table 8.7.b.

Table 8.7.a Summary of risk-of-bias assessment for Domain 4: Flow and timing

Signalling question 1: Was there an appropriate interval between the index test and
reference standard?

Yes If the interval between index test and reference standard was sufficiently short
to avoid changes in disease status
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No

If the interval is too long or too short for valid estimates of test accuracy

Unclear

If the interval between index test and reference standard was unclear

Signalling question 2: Did all participants receive a reference standard?

Yes If all participants received a reference standard
No If not all participants received a reference standard
Unclear | Ifitis unclear whether all participants received a reference standard

Signalling question 3: Did all participants receive the same reference standard?

Yes If all participants received the same reference standard
No If some participants received a different reference standard
Unclear | Ifitis unclear whether all participants received the same reference standard

Signalling question 4: Were all participants included in the analysis?

Yes If data on all study participants were included in the analysis
No If data on all study participants were not included in the analysis
Unclear | Ifitis unclear whether all study participants were included in the analysis

Risk-of-bias judgement: Could participant flow have introduced bias?

Low

If the answer to all signalling questions is ‘Yes’, then risk of bias can be
considered low

High

If the answer to any of the signalling questions is ‘No’, there is a potential for
bias. If one or more of the answers is ‘No’, the judgement could still be low risk
of bias, but specific reasons why the risk of bias can be considered low should
be provided

Unclear

If relevant information is missing for all or some of the signalling questions,
and none of the answers to signalling questions is judged to put the study at
high risk of bias
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Table 8.7.b Comparative accuracy, additional signalling questions for the flow and
timing domain (QUADAS-C)

Additional question 1: Was the risk of bias for each index test judged ‘low’ for this
domain?

Yes If risk of bias in QUADAS-2 was judged ‘low’ for both or all index tests
No If risk of bias in QUADAS-2 was judged to be ‘high’ or ‘unclear’ for one or more
index tests

Additional question 2: Was there an appropriate interval between the index tests?

Yes If the interval between index tests is sufficiently short to avoid changes in
disease status

No If the interval is too long and it is likely for disease status to change in between
the index tests

Unclear | If the time interval between the index tests was unclear or not reported

Additional question 3: Was the same reference standard used for all index tests?

Yes Assingle reference standard was used or, in case of differential verification, the
same reference standards were used across index tests

No The results of one index test were verified with a reference standard different
to that of the other index test(s)

Unclear | Itis unclear whether different reference standards were used across index
tests

Additional question 4: Are the proportions and reasons for missing data similar
across index tests?

Yes If no or only a small proportion of participant data were missing or excluded,
or if the proportions and reasons for missing data were similar between the
index test groups being compared

No If more data were clearly missing from one index test group than the other(s),
or the reasons for missing data differed between the index test groups

Unclear | If itis unclear whether data were missing and the extent of missing data. If
data were missing, the reasons for being missing were unclear
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Risk-of-bias judgement: Could the flow of participants have introduced bias in the
comparison?

Low If the answer to all additional questions is ‘Yes’, then risk of bias can be
considered low

High If the answer to any of the signalling questions is ‘No’, there is a potential for
bias. If one or more of the answers is ‘No’, the judgement could still be low risk
of bias, but specific reasons why the risk of bias can be considered low should
be provided

Unclear | If relevant information is missing for all or some of the signalling questions,
and none of the answers to signalling questions is judged to put the study at
high risk of bias

8.8 Presentation of risk-of-bias and applicability assessments

The results of the assessment of risk of bias and applicability are usually presented in
systematic reviews of test accuracy using graphs or tables. The following two graphical
methods provide a succinct summary of the results of the assessment - one presents a
summary showing individual study results (Figure 8.8.a), while the other summarizes the
results across studies (Figure 8.8.b).

The risk-of-bias and applicability concerns summary in Figure 8.8.a presents, for each
included study, the ‘low’, ‘high’ and ‘unclear’ judgements for each risk-of-bias and
applicability domain. This presentation works well when there are not many included
studies such that the figure fits on a page and is legible.

The risk-of-bias and applicability concerns graph in Figure 8.8.b is a stacked bar chart
showing the proportion of included studies for each judgement of ‘high’, ‘low’ and ‘unclear’
for each risk-of-bias and applicability domain. These two graphical methods give readers a
quick overview of the risk of bias and applicability of studies included in the review.

For QUADAS-C, suggested graphical methods combining QUADAS-2 and QUADAS-C
assessments are available at www.quadas.org.
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Figure 8.8.b Risk-of-bias and applicability concerns graph.

Source: Leeflang 2015

8.9 Narrative summary of risk-of-bias and applicability

assesssments

In addition to presenting the results in graphs and/or tables, it is essential that a written
summary of the assessment of risk of bias and applicability is included in the review. This
summary should provide a narrative guide to the main potential sources of bias in the
studiesincluded in the review, and the main reasons for high risk-of-bias judgements. It may

also consider the likely severity and direction of
applicability concerns.

the possible biases and the nature of the

In preparing a narrative summary, review authors need to incorporate:

regarding applicability for each domain; a

the frequency of ‘high’ and ‘unclear’ judgements of risk of bias and concerns

nd
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e any particular features that drive the high risk of bias and high applicability concern
judgements.

For example, it is not sufficient to say that studies were at high risk of bias for participant
selection; review authors should explain why they were at high risk of bias. This summary
should facilitate a careful judgement of the degree to which the body of evidence may be
compromised by bias and lack of applicability.
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