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Poor reporting in diagnostic studies

Diagnostic studies in 4 general medical journals
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Poor reporting:
example from
TB literature

12 meta-analysis with
over 500 diagnostic
studies

*65% used prospective
design

*33% used consecutive or
random sampling

*72% used a cross-
sectional design, a third
used case—control
*Blinding was reported in
34% of the trials.

o

i
| Table 2. Methodological quality of studles on tubsrculoss diagnostics In recently published meta-analyses

Meta-  No.of Diagnostic test Avernge  Prospective Corsecutie  Cross- Blinded Complets Ref.
analysis  studies sipe af data orrardom  ssctional  imberpretation werification
each study collsction  sampling of  design (%6) of test of index test
8] subjects [35) resu bs® {%6) results? (%)
Sarmiora 18 PCRon sty WR 50 i MR 63 130 Nz
atal sparimars For
{B00G] ST - MRt
pulmerary TH
Goto LI AW for TR 137 MR R MR [ MR
atal ploural affusion
{200G)
Faiotal 42 MATfor TR i &l ] &l 58 =] 4
{003 meningitis.
Graco i A8 and IFM-y 135 MR R MR 8 MR ig|
wtal s far TE
{003 ploural affusion
Faiotal 40 MATfor TR L] &1 51 o 55 12 1E|
(200d) pleural affusion
Floras a In-houss PCR for 142 MR R n id MR AT
atal paimerary TH
{Z005]
Kalarari 13 Phage amphfication 442 MR MR 25 23 13 E|
atal msis for
{2006] puimerary TH
Faetal Phege-basmdtases for 55 L) 57 130 8
{2005] rifampin resistanm
Berpan 15 Ling preba assay for - 91 13 130 21
atal rifampin resistance
{2005]
Graco 4] Commarcial MATfor 410 1E LY MR 16 MR ]|
atal palmerary TH
{2006]
Sraingart 4% Fluormsoarcs varsus 453 100 1 MR 48 MR 22
atal convantional sputum
{2006] ST MCTCaRy
for pdmerary TB
Sraingart H1 Diract vorsus ZEE 100 | MR 31 MR 73
atal concaniratad
{2006] S{RIUM smear
micrescopy For
paimerary TH

"l |e2ar dngis blind. "By refuoncg Sandsm

Al Arcroting dasmings; FH: Inerforon; HAT: Kudaic ackd smplfcion ma; NA: Mol reportad: TH: Wbanouiosk.

Pai M, et al. Exp Rev Mol Diagn 2006.

McGill

Ry



CLINICAL AND VACCINE IMMUNOLOGY, Feb. 2009, p. 260-276 Vol. 16, No. 2
1556-6811/09/$08.00+0 doi:10.1128/CVI.00355-08
Copyright © 2009, American Society for Microbiology. All Rights Reserved.

Performance of Purified Antigens for Serodiagnosis of Pulmonary
Tuberculosis: a Meta—fi\nalysisvwL

Karen R. Steingart,"* Nandini Dendukuri,” Megan Henry,’# lan Schiller,” Payam Nahid,*
Philip C. Hopewell,"* Andrew Ramsay,” Madhukar Pai,”> and Suman Laal®"*®

TABLE 3. Characteristics of study quality

No. (%) of

Characteristic studies

Study design

Cross-seCtioNal ...o.oovceeee e e 39 (15)

CaSE-CONTOL...cceeeee et e 208 (82)

Nested within observational study........ccooeeeceinccrneceenene. 7(3)
Recruitment of participants

Consecutive O randoml........ccooeeeeoreecreeeene e e 20 (8)

Convenience or Not TePOrted. .. 234 (92)
Selection criteria clearly described......o i 141 (56)
Complete verification by use of the reference standard ...... 107 (42)
Execution of test described in sufficient detail ........ccoccce...... 253 (100y°
Index test results blinded to reference standard?

b = 65 (26)

N O e s s 1(0)

NOE TEPOTTEd...cvurecerrrrirsrrsss e s s 188 (74)

® The description of the test execution was deemed insufficient in one study.

Steingart et al. CVI 2009 MCGill
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Study quality vs. study reporti

Data from a
meta-analysis
of NAAT for
TB meningitis
(Pai et al.
Lancet Infect
Dis 2003)

Pai M, et al. Quality assessment in meta-analyses of diagnostic studies: what difference does email contact with authors

ng

Characteristic Before contact After contact
% [N = 49] % [N = 49]

Blinding

Double blind 12 35

Single blind 14 24

Unblinded 0 10

Not reported 74 31
Sampling

Consecutive/random 18 49

Not consecutive/random 6 20

Not reported 76 31
Data collection

Prospective 51 61

Retrospective 0 4

Both 2 10

Not reported 47 o5

make? Abstract: XI Cochrane Colloquium, Barcelona, Spain, 26 — 31, October 2003.
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What can be done to improve quality and
reporting of diagnostic studies?

Report better using standardized reporting
formats (e.g. STARD)

Improve study design using guidelines
specific for diagnostic trials

0 QUADAS

o DEEP

Use GCP, GLP and GCLP to upgrade overall
research standards

Strengthen lab capacity and research
capacity in developing countries

T McGill



ACADEMIA AND CLINIC

Towards Complete and Accurate Reporting of Studies of Diagnostic

Accuracy: The STARD Initiative

Patrick M. Bossuyt, Johannes B. Reitsma, David E. Bruns, Constantine A. Gatsonis, Paul P. Glasziou, Les M. Irwig, Jeroen G. Lijmer,
David Moher, Drummeond Rennie, and Henrica C.W. de Vet, for the STARD Group*

Background: To comprehend the results of diagnostic accuracy
studies, readers must understand the design, conduct, analysis,
and results of such studies. That goal can be achieved only
through complete transparency from authors.

Objective: To improve the accuracy and completeness of report-
ing of studies of diagnostic accuracy in order to allow readers to
assess the potential for bias in the study and to evaluate its
generalizability.

Methods: The Standards for Reporting of Diagnostic Accuracy
(STARD) steering commitiee searched the literature to identify
publications on the appropriate conduct and reporting of diagnos-
tic studies and extracted potential items into an extensive list.
Researchers, editors, methodologists and statisticians, and mem-
bers of professional organizations shortened this list during a
2-day consensus meeting with the goal of developing a checklist
and a generic flow diagram for studies of diagnostic accuracy.

Results: The search for published guidelines on diagnostic re-
search yielded 33 previously published checklists, from which we
extracted a list of 75 potential items. The consensus meeting
shortened the list to 25 items, using evidence on bias whenever
available. A prototypical flow diagram provides information about
the method of patient recruitment, the order of test execution, and
the numbers of patients undergoing the test under evaluation, the
reference standard, or both.

Conclusions: Evaluation of research depends on complete and
accurate reporting. If medical journals adopt the checklist and the
flow diagram, the quality of reporting of studies of diagnostic
accuracy should improve to the advantage of the clinicians, re-
searchers, reviewers, journals, and the public.

Ann Intern Med. 2003;138:40-44,

For author affiliations, see end of text.

“For members of the STARD Group, see Appendix.

See related article, available only at www.annals.org.

www.annals.org
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‘ STARD reporting standards

APPENDIX 1 | STANDARDS FOR REPORTING OF DIAGNOSTIC ACCURACY (STARD) CHECKLIST

Section and topic Item # On page #
Title/abstract/ i Identify the article as a study of di ic accuracy (rece fed MeSH heading ‘sensitivity (]
keywords and specificity’).
Introduction 2 Slatelhe research questions or study aims, such.as estimating th ic of ]
comy curacy b LesLs OF ACTO8S ipant groups.
Methods Describe:
Participants 3 The study population: the inclusion and exclusion criteria, the setting and the locations wherethe 7
datawere collected.
4 Participant recruitment: was the recrui based on results from pr a
tests, or the fact that the participants had received the index tests or the reference standard?
5 Participant sampling: was the study population a consecuti ies of particip defined by the a
selection criteria in items 3 and 47 If not, specify how partici were further selected
STARD i S A
study) the index test and reference standard were pellcrn\ed?
h kI - t Test methods T The ref fard and its ! (]
C e C I S 8 Technical specifications of the material and methods involved, including how and when the ]
measurements were taken, and/or cite references for the index tests and reference standard.
9 Definition of, and rationale for, the units, cut offs and/for categories of the results of the index tests Qa
and the reference standard,
10 The number, training and expertise of the persons executing and reading the index tests and the [:I
reference standard.
11 Wl'mhoru'nonherendelsolthe...\.mum and f dard were blind tothe results of (|
the other test and d 3 I 1o the readers.
Statisticalmethods 12 Methads for caleulating or comparing f di ic accuracy, and the staristical a
methods used to quantify uncertainty (e.g. 95% confid intervals).
13 Methods for calculating test reproducibility, if done. |
Results Report: a
Participants 14 ‘When the study was done, including the start and end dates of recruitment. m
15 The clinical and demographic characteristics of the study population (e.g. age, sex, spectrum of J
presenting symp cument s and centresh.
16 The number of pamclpants sansMng the criteria Iorincluslun that did or did not undergothe m
index tests and/or the referenc d; describe why particiy failed to receive either test (a
flow diagram isstrongly recommended).
Test results 17 Time interval from the index tests to the reference lard, and any imini: 1 ]
inbetween.
18 Distribution of severity of disease (define criteria) in those with the target condition; other D
diagnoses in participants without the target condition,
19" Across tabulation of the results of the index tests (including ind i and missi Ies) by ]
the results of the reference standard.
20 Ay ad from performing the index tests or the reference standard, a
Estimates 21 E: of diagnostic accuracy and [ statistical uncernainty (e.q. 95% confidence a
inervals),
22 How indeterminate results, missing resp and ol fthe index tests were handled. a
23 Estimates of variability of di icaccuracy b ibagroups of participants, readers or a
centres, if done.
4 Estimates of test reproducibility, if done. &l
25 Discuss the clinical applicability of the study findings. o

* This entry has been modified from the original.




‘ STARD reporting standards

Table. STARD Checklist for the Reporting of Studies of Diagnostic Accuracy™

Sectlon and Toplc ltem # On page #
TITLE/ABSTRACT/KEYWORDS 1 Identify the article as a study of diagnostic accuracy (recommend MeSH heading ‘sensitivity

and specificity").
INTRODUCTION 2 State the research questions or study aims, such as estimating diagnostic accuracy or

comparing accuracy between tests or across participant groups.

e/
NP

Ry
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STARD reporting standards

METHODS Describe
Participants 3 The study population: The inclusion and exclusion criteria, setting and locations where the
data were collected.

4 Participant recruitment: Was recruitment based on presenting symptoms, results from
previous tests, or the fact that the participants had received the index tests or the
reference standard?

5 Participant sampling: Was the study population a consecutive series of participants defined
by the selection criteria in item 3 and 47 If not, specify how participants were further
selected.

& Data collection: Was data collection planned before the index test and reference standard
were performed (prospective study) or after (retrospective study)?

Test methods 7 The reference standard and its rationale.

8 Technical specifications of material and methods involved including how and when
measurements were taken, and/or cite references for index tests and reference standard.

9 Definition of and rationale for the units, cutoffs, and/or categories of the results of the
index tests and the reference standard.

10 The number, training, and expertise of the persons executing and reading the index tests
and the reference standard.

11 Whether or not the readers of the index tests and reference standard were blind {masked)
to the results of the other test and describe any other clinical information available to the
readers.

Stafistical methods 12 Methods for calculating or comparing measures of diagnostic accuracy, and the statistical
methods used to quantify uncertainty (e.g., 95% confidence intervals).

13 Methods for calculating test reproducibility, if done.

e/
NP

Ry
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STARD reporting standards

RESULTS Report
Farticipants 14 When study was done, including beginning and ending dates of recruitment.

15 Clinical and demographic characteristics of the study population (e.g., age, sex, spectrum of
presenting symptoms, comorbidity, current treatments, recruitment centers).

16 The number of participants satisfying the criteria for inclusion that did or did not undergo
the index tests and/or the reference standard; describe why participants failed to receive
either test (a flow diagram is strongly recommended).

Test results 17 Time interval from the index tests to the reference standard, and any treatment
administered between.

18 Distribution of severity of disease (define criteria) in those with the target condition; other
diagnoses in participants without the target condition.

19 A cross tabulation of the results of the index tests (including indeterminate and missing
results) by the results of the reference standard; for continuous results, the distribution of
the test results by the results of the reference standard.

20 Any adverse events from performing the index tests or the reference standard.

Estimates 21 Estimates of diagnostic accuracy and measures of statistical uncertainty (e.g., 95%
confidence intervals).

22 How indeterminate results, missing responses, and outliers of the index tests were handled.

23 Estimates of variability of diagnostic accuracy between subgroups of participants, readers or
centers, if done.

24 Estimates of test reproducibility, if done.

DISCUSSION 25 Discuss the clinical applicability of the study findings.

* MCSH = :"\«"[cdlcal Sl.lbjCCt Hcading; STJ"LRD = Standards ].CDT RCPEI.FtiI'Ig Df Dia.gnostic .PLCC'IJ.IE.C}’.
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‘ STARD Explanation and elaboration

‘ AcapeEMIA AND CLINIC

The STARD Statement for Reporting Studies of Diagnostic Accuracy:

Explanation and Elaboration

Patrick M. Bossuyt, Johannes B. Reltsma, Davld E. Bruns, Constantine A. Gatsonls, Paul P. Glaszlou, Les M. Irwlg, Davld Moher,

Drummond Rennle, Henrlca C.W. de Vet, and Jeroen G. Lijmer

The quality of reporting of studies of diagnostic accuracy is less
than optimal. Complete and accurate reporting is necessary to
enable readers to assess the potential for bias in the study and to
evaluate the generalizability of the results.

A group of scientists and editors has developed the STARD
(Standards for Reporting of Diagnostic Accuracy) statement to
improve the reporting the quality of reporting of studies of diag-
nostic accuracy. The statement consists of a checklist of 25 items
and flow diagram that authors can use to ensure that all relevant
information is present.

This explanatory document aims to facilitate the use, under-
standing, and dissemination of the checklist. The document con-

tains a clarification of the meaning, rationale, and optimal use of
each item on the chedklist, as well as a short summary of the
available evidence on bias and applicability.

The STARD statement, checklist, flowchart, and this explana-
tion and elaboration document should be useful resources to
improve reporting of diagnostic accuracy studies. Complete and
informative reporting can only lead to better decisions in health
care.

Ann Intern Med. 2003;138:3W1- W12,
For author affillations, see end of text.
See related article on pp 40-44.

www_annals.org
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' STARD
reporting
standards

Item 1. Identify the Article as a Study of Diagnostic
Accuracy (Recommend MeSH Heading “Sensitivity and
Specificity”)

Example (an Excerpt from a Structured Abstract)

Purpose: To determine the sensitivity and specificity of
computed tomographic colonography for colorectal polyp and
cancer detection by using colonoscopy as the reference standard
(14).

Electronic databases have become indispensable tools
to idenufy studies. To facilitate retrieval of their study,
authors should explicitly identify it as a report of a study of
diagnostic accuracy. We recommend the use of the term
“diagnostic accuracy” in the title or abstract of a report that
compares the results of one or more index tests with the
results of a reference standard. In 1991 the National Li-
brary of Medicine’s MEDLINE database introduced a spe-
ciic keyword (MeSH heading) for diagnostic studies:
“Sensitivity and Specificity.” Using this keyword to search
for studies of diagnostic accuracy remains problematic (15—

19). In a selected set of MEDLINE journals covering pub-
lications between 1992 through 1995, the use of the
MeSH heading “Sensitvity and Specificity” identified only
51% of all studies of diagnostic accuracy and incorrectly
identified many articles that were not reports of studies on
diagnostic accuracy (18).

In the example, the authors used the more general
term “Performance Characteristics of CI' Colonography”
in the ttle. The purpose section of the structured abstract
explicitly mentions sensitvity and specificity. The MED-
LINE record for this paper contains the MeSH “Sensitivity
and Specificity.”

e/
NP
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' STARD
reporting
standards

Item 2. State the Research Questions or Study Aims,
Such as Estimating Diagnostic Accuracy or Comparing
Accuracy between Tests or across Participant Groups

Example

Invasive x-ray coronary angiography remains the gold
standard for the identification of clinically significant coronary
artery disease. . . . A noninvasive test would be desirable. Cor-
onary mdgnetic resonance angiography performed while the
patient is breathing freely has reached sufficient technical ma-
turity to allow more widespread application with a standard-
ized protocol. Therefore, we conducted a study to determine
the [accuracy] of coronary magnetic resonance angiography in
the diagnosis of native-vessel coronary artery disease (20).

The Helsinki Declaration states that biomedical re-

search involving people should be based on a thorough
knowledge of the scientfic literature (21). In the introduc-

tion of scientific reports authors describe the scientific
background, previous work on the subject, the remaining
uncertainty, and, hence, the rationale for their study.

Clearly specified research questions help the readers to
judge the appropriateness of the study design and data
analysis. A single general description, such as “diagnostic
value” or “clinical usefulness,” is usually not very helpful to
the readers.

In the example, the authors use the introduction sec-
tion of their paper to describe the potenual of coronary
magnetic resonance angiography as a non-invasive alterna-
tive to conventional x-ray anglography in the diagnosis of
clinically significant coronary stenosis. This description
helps the reader to judge the appropriateness of the selec-

tion criteria, the choice of the reference standard, and the
statistical methods used to summarize and analyze the data.

e/
NP
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' STARD
reporting
standards

Iltem 3. Describe the Study Population: The Inclusion and
Exclusion Criteria, Setting and Locations Where Data
Were Collected

Example

Fatient population. Female patients attending participar-
ing family planning clinics in the states of Washington and
Oregon during 1992 and 1993 were considered for enroll-
ment in the study. The previously published screening criteria
of the Region X Chlamydia Project were used to establish
eligibility for enrollment. [ref] These criteria included any of
the following: (i) mucopurulent cervicitis, pelvic inflammarory
disease, friable cervix, or abnormal bleeding: (ii) a parmer
with signs andlor symptoms suggestive of urethritis; (1ii) client
request; (iv) rape within the previous 60 days; (v) candidacy
for intrauterine device insertion; and (vi) a positive pregnancy
test and a bimanual pelvic examination. Alternatively, the
criteria included nwe or more of the following: (i) age under
24 years and being sexually active; (ii) new sex partner in the
previous 60 days; (ifi) sex parmer with multiple parters in
the previous 30 days; (iv) multiple sex partners in the previous
30 days; and (v) use of nonbarrier birth control method or no
birth control method (nonbarrier birth control methods in-
clude oval contraceptives, the intrauterine device, sterilization,
and all natural family planning methods) (22).

Since diagnostic accuracy describes the behavior of a
test under particular circumstances, a report of the study
must also include a helpful description of the targeted pop-
ulation. The eligibility criteria describe the targeted patient
population, including additional exclusion criteria used for
reasons of safety or feasibility.

Readers must know whether or not the study excluded
patients with a specific condition known to adversely affect
the way the test works, which would inflate diagnostic ac-
curacy (limited challenge bias) (23). Examples are the ex-
clusion of patients using beta-blockers in studies of exercise
electrocardiography and the exclusion of patients with pre-
existing pulmonary diseases in studies of ventilation-perfu-
sion scintigraphy (24, 25).

e/
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STARD reporting standards
< EIigibIen:patients >

Index test

STARD flow diagram
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Figure 1. Example of a flow diagram of a diagnostic accuracy

study (55).
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QUADAS tool for quality assessment of
diagnostic studies

BIVIC Medical Research 0)
Methodology BioMed Centr

Research article

The development of QUADAS: a tool for the quality

assessment of studies of diagnostic accuracy included in systematic
reviews

Penny Whiting*!, Anne WS Rutjes?, Johannes B Reitsma?,

Patrick MM Bossuyt? and Jos Kleijnen!

Although designed for quality assessment in systematic reviews, it can
be used to improve study design

:
Whiting P et al. BMC Med Res Meth 2003 hcvd MCGlll



QUADAS tool for quality assessment of
diagnostic studies

Table |: QUADAS

Item # Description

Was the spectrum of patients representative of the patients who will receive the test in practice?

[

i Were selection criteria clearly described?

3. Is the reference standard likely to correctly classify the target condition?

4, Is the time period between reference standard and index test short enough to be reasonably sure that the target condition did not
change between the two tests? (disease progression bias)

o Did the whole sample or a random selection of the sample, receive verification using a reference standard of diagnosis? (partial
verification bias)

6. Did patients receive the same reference standard regardless of the index test result? (differential verification bias)

7. Was the reference standard independent of the index test (i.e. the index test did not form part of the reference standard)?
(incorporation bias)

8. Was the execution of the index test described in sufficient detail to permit replication of the test?

9. Was the execution of the reference standard described in sufficient detail to permit its replication?

10. Were the index test results interpreted without knowledge of the results of the reference standard? (test review bias)

[, Were the reference standard results interpreted without knowledge of the results of the index test? (diagnostic review bias)

2. Were the same clinical data available when test results were interpreted as would be available when the test is used in practice?
(clinical review bias)

13. Were uninterpretable/ intermediate test results reported?

4. Were withdrawals from the study explained?

sy .
Whiting P et al. BMC Med Res Meth 2003 \OY MCGIII



‘ TDR/WHO Diagnostics Evaluation Expert
Panel (DEEP) guidelines

‘4/’ EVALUATING DIAGNOSTICS
\ V
N

Evaluation of diagnostic tests for infectious diseases:
general principles

The TDR Diagnostics Evaluation Expert Panel

McGill

Nature Reviews Microbiology September 2006



DEEP guidelines for specific infectious
diseases

/ N
EVALUATING DIAGNOSTICS MV \l\’/
&),

Evaluation of rapid diagnostic tests: malaria

WHO—-Regional Office for the Western Pacific/TDR

Nature Reviews Microbiology September 2006 {k‘:" MCGI



‘ DEEP guidelines for specific infectious
diseases

7)) EVALUATING DIAGNOSTICS
)/
o

S

Evaluation of rapid diagnostic tests:
chlamydia and gonorrhoea

WHOTDR Sexually Transmitted Diseases Diagnostics Initiative

EVALUATING DIAGNOSTICS

\ =4

Evaluation of rapid diagnostic tests: syphilis

WHO/TDR Sexually Transmitted Diseases Diagnostics Initiative

EVALUATING DIAGNOSTICS | VISCERAL LEISHMANIASIS

£ T\
EVALUATING DIAGNOSTICS \‘%/I\‘V/
\l TDR V
N\

Evaluation of rapid diagnostic tests: visceral leishmaniasis

Marleen Boelaert, Sujit Bhattacharya, Francois Chappuis, Sayda H. El Safi, Asrat Hailu, Dinesh Mondal, Suman Rijal,
Shyam Sundar, Monigue Wasunna and Rosanna W. Peeling

:
Nature Reviews Microbiology Supplements {k‘:" MCGlll




Improve overall research standards

Good Laboratory Practice (GLP) & Good Clinical Lab Practice (GCLP)

HANDBOOK

GOOD LABORATORY
PRACTICE (GLP)

UNDP/ Warld Bank/WHO
Special Programme for Research and Training in Tropical Diseases (TDR)

GCLP is increasingly being adopted as the laboratory standard of choice for clinical and diagnostic trials

McGill



