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Diagnostic test accuracy (DTA) systematic reviews are conducted to summarize

evidence on the accuracy of a diagnostic test including a critical evaluation of

the primary studies. Where appropriate, the evidence is meta-analyzed to

obtain pooled estimates of effectiveness.

In this study, we reviewed and critiqued three DTA guidance documents with

respect to the graphical presentation of DTA meta-analysis results. All three doc-

uments recommended the use of two forms of graphical presentation: (a) forest

plots displaying meta-analysis results for sensitivity (ie, the true positive rate)

and specificity (ie, true negative rate) separately, and (b) Summary Receiver

Operating Characteristic (SROC) curve to provide a global summary of test per-

formance. Two primary shortcomings were identified: (a) lack of incorporation

of quality assessment results into the main analysis and; (b) ambiguity with

which the contribution of individual studies is represented on SROC curves. In

response, two alternative graphical approaches were developed:

1. A quality assessment enhanced SROC plot which displays the results from

individual studies in the meta-analysis with multiple indicators of quality

assessed using QUADAS-2; and

2. A percentage study weights enhanced SROC plot which accurately portrays

the percentage contribution each study makes to the meta-analysis.
The proposed enhanced SROC curves facilitate the exploration of DTA data,

leading to a deeper understanding of the primary studies included in a DTA

meta-analysis including identifying reasons for between study heterogeneity

and why specific study results may be divergent. Both plots can easily be pro-

duced in the free online interactive application, MetaDTA (https://crsu.

shinyapps.io/dta_ma/).
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1 | BACKGROUND

Systematic reviews of diagnostic test accuracy (DTA) aim
to evaluate evidence from multiple primary studies.
Where appropriate, DTA data, from the studies included
in the review, are synthesized using meta-analysis and
overall measures of sensitivity and specificity reported as
a summary of test performance. Ideally, DTA systematic
reviews should also investigate the heterogeneity and any
risk of bias in the included studies, and put the synthe-
sized evidence into a clinical context to inform readers
and help influence healthcare decisions.1 Meta-analysis
of DTA studies is recommended using either bivariate or
hierarchical summary receiver operating characteristic
(HSROC) models, as they both take into account the cor-
relation between sensitivity and specificity as well as vari-
ability in effects between studies.2-4 The results can be
presented as a mean accuracy point or a summary receiver
operating characteristic (SROC) curve which plots the true
positive rate (ie, sensitivity) against the false positive rate
(ie, 1-specificity) and shows how sensitivity and specificity
vary for different thresholds of a test.5 Plots can also
express the uncertainty in the estimation of the mean
point or curve via 95% confidence intervals, and heteroge-
neity between accuracy estimates using 95% prediction
intervals. Additionally, “cross-hairs” plots can display the
sensitivity and specificity for individual studies in ROC
space with associated confidence intervals.6

Quality assessment of included studies in a systematic
review is an important component that should be consid-
ered in relation to the interpretation of results since indi-
vidual studies may be at risk of producing bias results or
have applicability concerns with respect to the review
question. This may go some way to explaining sources of
heterogeneity in the individual DTA studies,7 although in
our experience individual study quality data and individ-
ual test accuracy estimates are rarely visualized in the
same figure. Similarly, study level covariates may indicate
important study differences that contribute to the
between study heterogeneity in a meta-analysis.

In Section 2 of this paper, the current guidelines for
DTA systematic reviews are critiqued to establish the cur-
rent best practice recommendations for visualization of
results and quality assessment. Section 3, based on the
findings from the review of guidelines, describes two new
plot enhancements to the SROC space incorporating study
quality and percentage study weights. It highlights how
improved presentation of current DTA meta-analyses can
lead to a deeper understanding and insight into the often
heterogeneous results that make up a DTA meta-analysis.
Section 4 discusses the implementation of the enhanced
SROC plots using the MetaDTA App which allows direct
user interactivity to enable exploration and facilitate

Highlights

What is already known?

Three prominent guidelines for the conduct of
diagnostic test accuracy (DTA) systematic
reviews and meta-analyses (The Cochrane Hand-
book for DTA studies, PRISMA for DTA and
Methods Guide for Medical Test Reviews) suggest
the use of two plots to display results:

1. Forest plots to display individual study esti-
mates and pooled meta-analysis results for
sensitivity and specificity separately.

2. Summary receiver operating characteristic
(SROC) curve plots to display a summary of
the performance of a diagnostic test based on
data from a meta-analysis.

All three guidance documents acknowledge
the importance of quality assessment but do not
consider how to incorporate quality assessment
alongside forest or SROC plots.

What is new?

Two novel SROC plot enhancements:

1. Quality assessment enhanced SROC plot that
simultaneously visualizes all dimensions of
study quality based on the QUADAS-2 tool.

2. Percentage study weighted SROC plot that
visualizes the relative contribution of each
study to the pooled sensitivity and specificity
results using percentage weights.

Both of these plots can easily be produced
with the interactive web application MetaDTA
along with a variety of other features.

Potential impact for RSM readers
outside the authors' field?

Our enhancements allow for the exploration and
investigation of heterogeneity and bias based on the
quality of included studies and the identification of
influential studies based on the percentage study
weights. It is hoped that the enhancements and soft-
ware implementation detailed here will be used by
those conducting DTA reviews to facilitate the dis-
covery of important insights in their data and
improve the visualization and reporting of results.

PATEL ET AL. 35

 17592887, 2021, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/jrsm

.1439 by U
niversity O

f B
irm

ingham
 E

resources A
nd Serials T

eam
, W

iley O
nline L

ibrary on [24/01/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



understanding of DTA meta-analysis results. Section 5, the
discussion, concludes the paper.

2 | DTA SYSTEMATIC REVIEWS
GUIDANCE ON VISUALIZATION OF
RESULTS

Three prominent guidelines for conducting DTA system-
atic reviews and meta-analyses were identified and
reviewed to establish current recommendations for
graphical presentation of DTA Systematic review results:

1. The Cochrane Handbook for DTA studies,4 in which
chapters have been published individually since 2008
(but incomplete as of January 2020);

2. PRISMA for DTA,3 an extension of the PRISMA initiative
for the transparent reporting of systematic reviews and
meta-analyses of interventions. Includes a 27-item reporting
check-list underpinned by a recent systematic review of
guidance documents for DTA systematic reviews; and

3. Methods Guide for Medical Test Reviews published by
the US Agency for Healthcare Research and Quality
(AHRQ) in 2012.8

All three guidance documents recommend the use of two
main forms of graphical display for reporting of DTA meta-
analyses: (a) forest plots to display the individual study
estimates and meta-analysis pooled result for sensitivity and
specificity separately, and (b) SROC plots to display a global
summary of the performance of a diagnostic test based on
data from a meta-analysis. However, neither PRISMA-DTA3

nor AHRQ handbook8 provide specific guidance on what
could/should be included in the ROC space; although the
AHRQ handbook does provide illustrative analysis examples
that include plots of study-level covariate values using num-
bers and different symbols in the ROC space as well as
bounded areas distinguishing likelihood ratio threshold values.

In contrast, the Cochrane Handbook for DTA studies4

provides an overview of graphical presentations rec-
ommended for use in Cochrane DTA reviews all of which are
possible to create within RevMan.9 In particular, the display
of the results of individual studies in ROC space can be speci-
fied in RevMan using: (a) Different plotting symbols or colors
to indicate covariate values including markers of quality to
enable the exploration of heterogeneity; (b) Different size sen-
sitivity-specificity points to depict the precision of the estimate
or sample size of the study; and/or (c) Adding cross-hairs6 to
each study point to display the confidence limits for sensitivity
and specificity. Finally, the presentation of the summary
results of the meta-analysis can be displayed as an SROC
curve and a summary sensitivity and specificity point with
associated confidence and/or prediction regions.

With respect to scaling the study estimates in ROC space
relative to their sample size in order to reflect precision of the
study estimates, this has been highlighted as misleading as
they may be wrongly interpreted as percentage study weights.
Percentage study weights quantify the relative contribution of
each study to the pooled meta-analysis result10 and PRISMA
states their preferred inclusion on forest plots for meta-
analyses of healthcare interventions.11

In terms of quality assessment, all three guidance
documents suggest that individual studies should be
investigated in terms of risk of bias and applicability to
the review question with the methods and results being
clearly explained. While the PRISMA-DTA checklist and
AHRQ Handbook do not prescribe explicit details, the
Cochrane handbook for DTA reviews recommends the use
of the QUADAS-2 tool, which assesses four domains: (a)
patient selection, (b) index test, (c) reference standard and
(d) the flow and timing in terms of risk of bias and addition-
ally the first three with respect to applicability.7 Each
domain is scored as having “high,” “low,” or “unclear” risk
of bias or applicability concern for the relevant domains. It
is recommended that Cochrane DTA reviews display results
from QUADAS-2 using two different visual presentations:
(a) a methodological quality summary plot which presents
the seven quality assessment outcomes for each study; and
(b) a methodological quality graph which presents a stacked
bar chart showing the percentage of studies scoring high,
low and unclear for each of the 7 quality outcomes. Both
plots use a traffic light system of green, amber and red to dis-
play high, low or unclear quality respectively (Figure 1).

Despite all the guidelines acknowledging the impor-
tance of a risk of bias/applicability assessment, no explicit
consideration of a plot to simultaneously present more
than one dimension of a studies quality/relevance and its
results to allow a visual assessment of whether there is a
relationship between the two was present in any of the
guidelines. Further, the simultaneous representation of a
studies percentage contribution to pooled sensitivity and
specificity in the context of ROC space appeared to have
been overlooked. A critical exploration and implementa-
tion of these omissions, with the aim of improving
reporting and facilitating interpretation of DTA meta-
analyses is described in the remainder of this paper.

3 | GRAPHICAL ENHANCEMENTS
TO SROC PLOTS

3.1 | Quality Assessment enhanced
SROC plot

The Quality Assessment enhanced SROC plot incorpo-
rates the quality assessment information from all

36 PATEL ET AL.
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7 dimensions of QUADAS-2 in the ROC space simulta-
neously. The QUADAS-2 tool assesses risk of bias across
4 domains and applicability across a further 3 domains.
While individual markers of study quality could be repre-
sented on SROC plots using different plotting symbols or
colors (eg, representing having “high,” “low,” or
“unclear” risk of bias), representing each distinct domain
in this way would be unwieldy as multiple plots would be
required to present all the information.

Our proposed solution is to allow all 4 risk of bias out-
comes, all 3 applicability outcomes, or all 7 outcomes
across both domains to be displayed simultaneously
through the use of glyphs. To enable all 4 risk of bias out-
comes to be displayed, we divide a circular symbol (the
glyph) into 4 equal segments, each representing one of
the four items being assessed, and color each of the seg-
ments either green, red or grey to represent “high,”
“low,” and “unclear” risk of bias respectively (Figure 2A).
Similarly, for applicability concerns the glyph is split into
three sections (Figure 2B). To display all of the quality
assessment outcomes the glyph can also be split into
seven sections (Figure 2C). These glyphs are then used as
plotting symbols for individual studies in the ROC space.

To illustrate the use of the quality assessment
enhanced SROC plot, we use data from a published sys-
tematic review investigating the use of the IQCODE
(Informant Questionnaire on Cognitive Decline in the
Elderly) tool to screen adults for dementia within a sec-
ondary care setting. The review consists of 13 studies and
2745 adults.14

Figure 3A shows an SROC plot which incorporates
quality assessment data from one dimension of the
QUADAS-2 tool—risk of bias in patient selection. The
study estimates are highlighted either red, green, or grey
to indicate high, low or unclear risk of bias for this
dimension. For this example it can be seen that the
majority of the studies have a high risk of bias with
regards to patient selection—8 out of 13 studies. While 6
similar plots could be constructed for each of the other
domains, this would require a lot of space with informa-
tion being strewn across the 7 plots, making it difficult to
ascertain overall trends across all domains.

In Figure 3B all 4 risk of bias assessment outcomes
and 3 applicability concerns outcomes are presented
using the glyph system. Much like the methodological
quality summary plot (Figure 1) we can identify which
studies are at high risk of bias or have high applicability
concerns but now we have the added benefit of being
able to see these in relation to the individual study and
the meta-analysis results. As well as providing a quick
overview of study quality without the need for a separate
plot, the plot allows exploration of whether lower (or
uncertain) quality studies' results differ systematically

from the higher quality studies, or whether there is more
variability across lower quality studies suggesting vari-
able quality may be inducing heterogeneity. Further, in
the illustrative plot, since all studies have bias concerns
in one or more domains this reminds the reader (and the
analyst!) not to over-interpret the pooled result which is
an easy mistake to make when quality is reported in a
detached manner, as it is typically done, via separate
tables or figures (such as Figure 1).

3.2 | Percentage study weight enhanced
SROC plot

This plot enhances the SROC plot by incorporating per-
centage study weights to show the relative contribution
of each study to the pooled meta-analysis result. As noted
above, including study sample size on a SROC plot can
be misleading as it does not represent a study's contribu-
tion to the analysis. An alternative is to plot the percent-
age study weight; however, compared to meta-analyses of
interventions, this is much harder to compute when
using the recommended bivariate model for DTA data.
Our enhanced SROC plot displays the percentage study
weight using the method proposed by Burke et al10 based
on a decomposition of Fisher information matrix.15 It is
important to note that as both sensitivity and specificity
are being estimated, it is usual for each study to contrib-
ute different weightings to each of these outcomes. In
order to allow for this differential contribution,
instead of representing studies with circles with dif-
ferent radii to represent precision as is typically done
on meta-regression plots,16 ellipses with axes aligned
with those of the SROC plot are used. The height and
width of the ellipses varies to be proportional to the
percentage study weights from the bivariate meta-
analysis model.

To illustrate the use of the plot, we use a meta-analysis of
23 studies (containing 4100 children) estimating the accuracy
of infrared ear thermometers for diagnosing fever. Most stud-
ies defined a cut-off of 38�C for diagnosing fever and used
rectal temperature as a reference standard. Further details
can be found in the original review.13

Figure 4A shows the SROC plot presented in the orig-
inal meta-analysis.13 The solid red line represents the
SROC curve, the dashed green lines show the 95% confi-
dence limits and the solid triangles indicate the summary
estimates (the upper triangle relates to a fixed effect anal-
ysis and the lower relates to a random effect analysis).
Study estimates are shown as blue hollow circles with the
size of the circle representing the proportion of children
in each study. In contrast, Figure 4B displays the study
estimates as black hollow circles with the size and shape
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of the circles representing the percentage study weights
for sensitivity and specificity. In this example, it can be
observed that all of the points are fairly similar in size
indicating an equal weighting of the studies within the
meta-analysis; this is typical in the presence of

heterogeneity. It can also be ascertained that the studies
with the most extreme values for either sensitivity or
specificity (toward the top left-hand-side of the plot) are
generally less precise and contribute less weight. In the
original meta-analysis displayed in Figure 4A, the

FIGURE 1 A, Example of a methodological quality summary plot used in the following Cochrane DTA systematic review: Nisenblat V,

Prentice L, Bossuyt PM, Farquhar C, Hull ML, Johnson N. Combination of the non-invasive tests for the diagnosis of endometriosis.

Cochrane Database Syst Rev, no. 7, 2016.12 (Figure 3: Risk of bias and applicability concerns summary, reproduced with permission). B,

Example of a methodological quality summary table used in the following Cochrane DTA systematic review: Nisenblat V, Prentice L,

Bossuyt PM, Farquhar C, Hull ML, Johnson N. Combination of the non-invasive tests for the diagnosis of endometriosis. Cochrane Database

Syst Rev, no. 7, 2016.12 (Figure 4: Risk of bias and applicability concerns graphs, reproduced with permission). DTA, diagnostic test accuracy

[Colour figure can be viewed at wileyonlinelibrary.com]

38 PATEL ET AL.

 17592887, 2021, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/jrsm

.1439 by U
niversity O

f B
irm

ingham
 E

resources A
nd Serials T

eam
, W

iley O
nline L

ibrary on [24/01/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

http://wileyonlinelibrary.com


NyPaver study is identified as having the largest sample
of children as indicated by the largest blue circle on the
ROC plot. However, when the ROC plot is re-created to
display percentage study weights rather than sample size
(Figure 4B), the size of the ellipse for the Nypaver study
is much more comparable to those for other studies in
the review, indicating the relative down-weighting of
studies in a random effects analysis when heterogeneity
is present. Thus, Figure 4B reveals that even though this
study is the largest in terms of sample size, its contribu-
tion to the meta-analysis is very similar to other studies
included in the review.

Percentage study weights are rarely derived in DTA
reviews, and we know of no examples where they have
been plotted. Thus, this plot allows readers, for the first
time, to gauge the relative contribution of each study
using an easy visual summary displayed on a SROC plot.
If study weighting is more variable than in the example

presented here, the plot will also be useful for identifying
influential studies. The robustness of the results to the
omission of influential studies can be assessed via sensi-
tivity analysis to ascertain if a review's conclusions are
dependent on the inclusion of one or more particular
studies. Since symbol size proportionality to indicate
study precision/contribution has become a regular fea-
ture of forest and meta-regression plots, their use on
SROC plots should be intuitive for users to understand.

4 | INTERACTIVITY

The two enhancements to SROC plots presented above
were specifically designed to facilitate the conduct,
reporting and interpretation of DTA meta-analysis.
MetaDTA5 (https://crsu.shinyapps.io/dta_ma/) is a free
web-based App with a “point and click” interface therefore

FIGURE 2 Glyphs for presenting QUADAS-2 results. A, Risk of bias. B, Applicability. C, All quality assessment outcomes (risk of bias

and applicability). ac_IT, applicability concerns-index test; ac_PS, applicability concerns-patient selection; ac_RS, applicability concerns-

reference standard; rob_FT, risk of bias-flow and timing; rob_IT, risk of bias in terms of index test; rob_PS, risk of bias in terms of patient

selection; rob_RS, risk of bias-reference standard [Colour figure can be viewed at wileyonlinelibrary.com]
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knowledge of statistical software is not required making it
accessible to novices and experts alike. The App is fully
interactive and can be used as an exploratory tool as well
as for analysis of a dataset. In addition to implementing
the plot enhancements described above, it implements

pre-existing enhancements suggested in guidelines (see
Section 2) and allows for multiple features to be added to
the SROC plot simultaneously. For example, Figure 5A
shows a plot for the IQCODE test (described in Section 3.1)
displaying the risk of bias for patient selection (color coded

FIGURE 3 Quality assessment plot. A, ROC

plot highlighting the quality assessment scores of

each study in terms of risk of bias in patient

selection. B, ROC plot highlighting the quality

assessment scores in terms of risk of bias and

applicability concerns. Each quadrant represents

one of the seven domains. Going clockwise, from the

top, the domains are risk of bias-index test, risk of

bias-patient selection, applicability-reference

standard, applicability-index test, applicability-

patient selection, risk of bias-flow and timing, risk of

bias-reference standard. ROC, receiver operating

characteristic [Colour figure can be viewed at

wileyonlinelibrary.com]
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study-specific estimates, the percentage study weights
(shape and size of the points) and the covariate test thresh-
old (Note: it is not possible to change the size and shape of
the multiple quality domain glyphs). This type of plot
could be used to investigate the quality of studies

contributing the most to the meta-analysis. In addition,
adding the covariate threshold to the plot allows the rela-
tionship between the quality of the studies and threshold
to be investigated. Figure 5B shows how crosshairs can be
added to the same plot to display the uncertainty in the

FIGURE 4 Percentage study

weight plot. A, Original ROC plot

used by Dodd et al13 to present the

results from the meta-analysis. The

blue circles represent the study

estimates and the size of the circles

represent the study sample size.

(Figure 1: Summary ROC curve

[95% CI] estimated using an inverse

weighted random effects model

assuming constant DOR, reproduced

with permission). B, A re-creation of

the ROC plot by Dodd et al. The

black circles represent the study

estimates, and the size and the

shape of the circles represent the

percentage study weights. ROC,

receiver operating characteristic

[Colour figure can be viewed at

wileyonlinelibrary.com]
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sensitivity and specificity for each study. Furthermore, this
exploration of the data can inform the sensitivity analysis;
for example, studies of higher risk of bias may easily be
excluded from the plots and the analysis to assess their

impact on the meta-analysis results. Clicking on study-
specific points on the SROC plot displays the following
information about the study below the plot—author and
year, sensitivity and specificity. In addition, study

FIGURE 5 An ROC plot using a variety of

features. Study estimates are highlighted

corresponding to their quality assessment score

in terms of risk of bias toward patient selection.

The shape of study estimates have also been

changed to indicate percentage study weights.

Cross-hairs are added to display the uncertainty

in sensitivity and specific for each study. The

estimates have also been labeled to indicate test

threshold. A, Adding percentage study weight,

risk of bias toward patient selection and

covariate threshold to the SROC curve. B, As

above with cross-hairs added. ROC, receiver

operating characteristic; SROC, summary

receiver operating characteristic [Colour figure

can be viewed at wileyonlinelibrary.com]
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weights for sensitivity and specificity, and covariate
value may also be displayed below the plot if these
options are selected. Also, when using the multiple
dimensional study quality glyphs (as described in Sec-
tion 3.1), by clicking on a glyph it will produce a larger
version of the glyph with the different dimensions
clearly labeled as shown in Figure 2.

5 | DISCUSSION

In this article, we have reviewed current guidelines for
the presentation of results from DTA systematic reviews,
and identified shortcomings with respect to visual dis-
plays of study quality and study weighting informa-
tion within the ROC space. In response to these
findings, we have detailed two novel enhancements
to SROC plots: (a) the quality assessment enhanced
SROC plot that simultaneously incorporates multiple
individual markers of study quality based on
QUADAS-2 results; and (b) percentage study
weighted plotting points that show the relative con-
tribution of each study to the pooled sensitivity and
specificity results using weights calculated via the
method derived by Burke et al.10 The MetaDTA App
enables these plots to be constructed easily and its
interactive platform allows further exploration by
combining multiple features within a single plot
including study quality, percentage study weights and
covariates such as test threshold; thus facilitating the
investigation of relationships between variables (eg,
do the studies with low risk of bias have the largest
percentage weight in the meta-analysis, etc).

The main limitation of the proposed enhanced SROC
plots is, like all SROC plots, if there are a lot of studies
included in the meta-analysis the study-specific estimates
may overlap one another and the plots become cumber-
some and difficult to read. However, when plotted in
MetaDTA, the interactive platform allows the user to
click on specific estimates and obtain additional details
about the study including author, sensitivity and specific-
ity estimates, and, if selected, an enlarged version of the
glyphs displaying the quality assessment results by domain.
The interactive platform also allows features to be toggled off
if the plot becomes too overcrowded with information. Where
multiple features are of interest but cannot be displayed effec-
tively on a single plot, multiple plots can be produced that still
aid exploration of the relationships of variables across plots if
presented next to one another or quickly toggling between
alternative information via the App.

A valuable extension to the implementation of the
proposed plots within the App would be the possibility of
developing plots for inclusion in digital report formats

(eg, web-based papers or The Cochrane Library) that
were interactive. This would allow the interested reader
of a meta-analysis similar freedoms to those afforded by
the analyst using the App and allow them to explore and
even re-analyze the data and not have to rely only on the
views of the data included in the report.

Throughout this paper we have focused on the evalua-
tion of the diagnostic accuracy of a single reference test.
However, in a decision making context, the interest is
often in comparing the performance of multiple diagnostic
tests. Methods, analogous to network meta-analysis for
comparing the effectiveness of multiple treatment inter-
ventions, are less established for diagnostic accuracy
although some methods have been proposed.17-22 Such
analyses produce a vast quantity of results and therefore
presenting them in an informative and interactive way will
be a challenge for future research.

In conclusion, it is hoped that the SROC plot
enhancements presented here will be used by those con-
ducting DTA reviews and will assist with unpicking what
are often heterogeneous meta-analyses. Even when this
is not possible, since a meta-analysis is only as good as
the studies going into it, presenting quality assessment
information in the same plot as the main analysis will go
a long way to ensuring that this is not forgotten or ignored
when interpreting the results (which is all too easy to do
when the quality information is only presented in separate
plots within separate sections of a report). In a similar
vein, the inclusion of percentage study weights rather than
sample size or precision will make it easier to ascertain the
influence of individual studies within the analysis.
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