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Evidence based diagnosis (“EBD”)

 Evidence based medicine (EBM) incorporates 
evidence based diagnosis

 EBD, in turn, requires synthesis of evidence on 
various diagnostic tests and algorithms

 Although diagnostic studies are very common, 
systematic reviews and meta-analyses of 
diagnostic studies are uncommon
 The Cochrane Collaboration just published its first 

diagnostic review



First Cochrane review on diagnostic 
test accuracy [published in 2008]



Cochrane Website for Diagnostic 
Reviews

http://srdta.cochrane.org/en/index.html



Meta-analyses of diagnostic studies

 Meta-analyses of diagnostic studies:
 Not as common as meta-analyses of RCTs; 

becoming common
 The objectives of such meta-analyses:
 Provide a summary of the overall accuracy of a 

diagnostic test
 Appraise the quality of primary studies
 Look for and explore reasons for heterogeneity
 Evaluate the impact of quality and other study 

characteristics on diagnostic accuracy
 Generate promising new research questions



How are meta-analyses of diagnostic 
studies different from RCT meta-analyses?

 They differ from meta-analyses of RCTs in some 
aspects:
 Search terms for diagnostic studies not well defined
 Quality of reporting of diagnostic studies is often poor
 Sources of bias are different
 Publication bias may be a bigger problem

 Analysis
 Methods not well developed (effect measure is a curve!)
 Variability in thresholds across studies
 Summary measures not always clinically meaningful
 Heterogeneity is a bigger problem
 Most meta-analysis software cannot handle diagnostic 

data



ROAD
MAP
FOR 
DIAGNOSTIC
REVIEWS

Pai, M. et al. Evid Based Med 2004;9:101-103



P - Who is the patient or what problem is 
being addressed?

I - What is the intervention or exposure?

C – What is the comparison group?

O - What is the outcome or endpoint?

Step 1: Formulating a focused 
question: a 4-part review question

+ study design
Richardson et al. The well-built clinical question: a key to evidence-based decisions. ACP Journal Club 1995;A-12

Counsell C. Formulating questions and locating primary studies for inclusion in systematic reviews. Ann Intern Med 1997;127:380-7.



Step 1: Formulating a focused 
review question

Is Positron Emission Tomography (PET) helpful in diagnosing coronary disease?

Is PET a more sensitive and specific test in diagnosing coronary
artery disease as compared to coronary angiography?

Test (intervention) Outcome

PatientOutcome

Comparison+ diagnostic studies

Test (intervention)



Step 2: Identify databases/sources 
of studies
 Electronic databases:

 General: PubMed, Embase, Biosis, Web of Science, etc.
 Subject-specific: AIDSLINE, CANCERLIT, PsycInfo, MEDION, etc.

 Reference lists of included studies (citation tracking)
 References lists of earlier reviews, commentaries

 CDSR, DARE, MEDION, PubMed search with filters for systematic reviews
 Personal communication with experts and authors
 Contacting companies and test manufacturers
 Hand-searching of key, high-yield journals
 Grey literature

 Dissertation abstracts, reports, conference proceedings, etc.
 Sources of ongoing studies

 companies, contacting experts



Need to search several databases



Overall search strategy

Disease
(target condition)

Index
Test

Filters for 
diagnostic studies
(only if necessary)

+

PICO + STUDY DESIGN FILTER



Example from Cochrane handbook



Search filters
for Dx studies



Search filters in PubMed (Clinical Queries)



Search filters for diagnostic studies
 PubMed “Clinical Queries” (Haynes BR et al):

(specificity[Title/Abstract]) 64%/98% Specific/
narrow

(sensitiv*[Title/Abstract] OR sensitivity 
and specificity[MeSH Terms] OR 
diagnos*[Title/Abstract] OR 
diagnosis[MeSH:noexp] OR 
diagnostic * [MeSH:noexp] OR 
diagnosis,differential[MeSH:noexp] 
OR diagnosis[Subheading:noexp]) 

98%/74% sensitive/
broad 

Diagnosis

Haynes RB, Wilczynski NC for the Hedges Team. Optimal search strategies for retrieving scientifically strong studies of diagnosis from 
MEDLINE: analytical survey. BMJ. 2004 May 1;328(7447):1040 



Use filters only if necessary



Step 3: Study selection by two 
reviewers

 Two reviewers independently screen the 
titles/abstracts for eligibility
 Need clear, detailed inclusion/exclusion criteria!

 Reviewers meet and resolve disagreements
 When in doubt, err on the side of inclusion

 Citations identified after first screen are 
eligible for second screen (full-text review)

 Two reviewers screen full-text papers and 
select the final set of studies



Step 4: Data extraction and 
quality assessment

 Criteria for validity of diagnostic studies:
 Study design

 Cross-sectional study of a clinically indicated population or case-
control

 Verification
 Complete, different reference tests, or partial

 Blinding
 Blinded or not

 Patient selection
 Consecutive or random or nonconsecutive

 Data collection
 Prospective or retrospective

 Appropriateness of reference standard
 Description of test
 Description of study population

Lijmer et al. Empiric evidence of design-related bias in studies of diagnostic studies. JAMA 1999;282:1061







BMC Med Res BMC Med Res MethodolMethodol 2003;2003;33:25:25



Example from a Cochrane review

Leeflang et al. Galactomannan for aspergillosis…CDSR 2008



What about quality scores?

The different methods of weighting individual items from the same quality 
assessment tool produced different quality scores. The different scoring 
schemes ranked different studies in different orders…



Step 5: Data analyses

 Enter data into Excel or ACCESS
 Import data and analyze using software
 Tabulate study characteristics
 Forest plots of sensitivity and specificity
 Avoid simple pooling of sens and spec
 Search for threshold effect; perform SROC 

analyses (HSROC is preferable)
 Search for heterogeneity, and reasons for 

heterogeneity
 Consider subgroup and sensitivity analyses
 If pooled estimates are needed, then use 

bivariate random effects regression



Tabulation of study characteristics

Morgan M, Kalantri SP, Flores L, Pai M. A commercial line probe assay for the rapid detection of rifampicin resistance in 
Mycobacterium tuberculosis: a systematic review and meta-analysis. BMC Infect Dis 2005;5:62.



Forest plots of sensitivity and specificity

Pai M, et al. Bacteriophage-based assays for the rapid detection of rifampicin resistance in
Mycobacterium tuberculosis: a meta-analysis. J Infect 2005 



Gatsonis & Paliwal. Am J Roentgen 2006

Why simple pooling of sens/spec 
can be misleading



Summary ROC (SROC) 
Analysis

 Each study in the meta-analysis contributes a pair of 
numbers: TPR and FPR

 Since these measures are correlated and vary with the 
thresholds (cut points for determining test positives) 
employed, it is important to analyze them as pairs, and to 
also explore the effect of threshold on study results.

 A common approach to summarizing the joint distribution of 
Se and Sp is called Summary Receiver Operating 
Characteristic (SROC) curve (Littenberg & Moses 1993)

 Unlike a traditional ROC plot that explores the effect of 
varying thresholds on sensitivity and specificity in a single 
study, each data point in the SROC space represents a 
separate study

 The SROC curve and the area under it present a global 
summary of test performance, and display the trade off 
between sensitivity and specificity

 Q* can also be used as a global summary of accuracy

Littenberg B, Moses LE. Estimating diagnostic accuracy from multiple conflicting reports: a new meta-
analytic method. Med Decis Making 1993; 13: 313–321.





Pai M et al. Diagnostic accuracy of nucleic acid amplification tests for tuberculous 
meningitis: a systematic review and meta-analysis. Lancet Infect Dis 2003;3:633-43. 

NAAT for TB meningitis



Conventional vs. fluorescence
microscopy for diagnosis
of tuberculosis

Steingart et al. Lancet Infect Dis 2006



NAAT for TB 
lymphadenitis

Daley et al. IJTLD 
2007



Line Probe Assay 
for Rifampin
resistance

Ling et al. ERJ 
2008



Serological tests 
for pulmonary TB

Steingart et al. 
PLoS Med 2007



WHO/TDR evaluation of 19 
commercial serological tests for TB

TDR/WHO Report 2008



Heterogeneity

 Heterogeneity in measures of test accuracy is an 
important concern with all meta-analyses
 A bigger concern with diagnostic meta-analyses?
 Exploration of heterogeneity may be the most 

important contribution of a diagnostic meta-analysis
 Sources of heterogeneity include variability in:

 Disease
 Index tests
 Reference standards
 Thresholds used
 Populations and disease spectrum
 Study quality
 Random error



Ling et al ERJ 2008

Line Probe 
Assay for 
Rifampin
Resistance

Sens & Spec
are homogenous



Smith-Bindman et al. JAMA. 2001 Feb 28;285(8):1044-55. 

Ultrasound for 
Down’s 
syndrome

Sensitivity heterogeneous



PET for lung 
nodules

Gould et al. JAMA. 2001;285:914-924. 

Specificity heterogeneous



Greco et al. Int J Tuberc Lung Dis. 2003 Aug;7(8):777-86. 

ADA and 
IFN-g for 
pleural TB

Both sensitivity & 
specificity 

heterogeneous



Heterogeneity

 Approaches to heterogeneity:
 Avoid simple pooling of accuracy measures
 Do subgroup (stratified) analyses
 Meta-regression analysis
 Extension of the SROC analysis
 Outcome variable: Diagnostic Odds Ratio (DOR)
 Covariates in the model: study-level factors 

that may be responsible for the heterogeneity 
(e.g. study quality)



Diagnostic Meta-analysis Software

 Specialized packages:
 Meta-DiSc (J Zamora):

 Windows-based, public domain
 Dr-ROC (M Mitchell)

 Windows-based, commercial

 General packages:
 STATA: metandi [by Roger Harbord]
 SAS: programs exist for bivariate regression and 

HSROC [Rietsma et al]
 R programs







http://www2.napier.ac.uk/depts/fhls/diagmeta/



Limitations of current analytic 
methods
 Simple pooling of sens and spec is not recommended
 SROC analysis has become default

 Easy to do, but not easy to interpret
 Based on fixed effects model

 Approaches that overcome these problems:
 Hierarchical SROC [Rutter & Gatsonis 2001]
 Bivariate random effects regression [van 

Houwelingen et al, 1993; Reitsma et al, 2005]

 Both models incorporate random effects
 Allows for variability in thresholds, and between and within 

study variation in accuracy
 Allow for inclusion of covariates







Roger Harbord, metandi program for STATA



Roger Harbord, metandi program for STATA



Challenges in diagnostic reviews

 Identifying published and unpublished studies
 Publication bias is a major concern
 Search terms for Dx studies are not well defined

 Available studies are mostly focused on accuracy
 Quality assessment is hampered by poor 

reporting; most diagnostic studies are of poor 
quality

 Heterogeneity is almost always found
 Synthesis of accuracy measures:
 Lack of meaningful effect measures
 Need to go beyond SROC

Tatsioni et al. Annals Int Med 2005;142:1048-1055



Effect measures in diagnostic studies

Tatsioni et al. Annals Int Med 2005;142:1048-1055



Are sensitivity and specificity the most 
meaningful measures?



Moons et al. Epidemiology 1999

Moons et al. Clin Chem 2004

Moons et al. JECH 2002



Diagnostic trials lack methodologic rigor

Peeling et al. Nature Rev Micro 2006 [data from Reid et al.JAMA 1995]

Diagnostic studies in 4 general medical journals



Lack of rigor: 
example from 
TB literature

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

•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. 

12 meta-analysis with 
over 500 diagnostic 
studies



Study quality 
affect study 
results

Rutjes et al. CMAJ 2006

487 diagnostic studies



Study quality vs. study reporting

61
4
10
25

51
0
2
47

Data collection
Prospective
Retrospective
Both
Not reported

49
20
31

18
6
76

Sampling
Consecutive/random
Not 
consecutive/random

Not reported

35
24
10
31

12
14
0
74

Blinding
Double blind
Single blind
Unblinded
Not reported

After contact
% [N = 49]

Before 
contact

% [N = 49]

Characteristic

Pai M, et al. Quality assessment in meta-analyses of diagnostic studies: what difference does email contact with authors 
make? Abstract: XI Cochrane Colloquium, Barcelona, Spain, 26 – 31, October 2003.

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




