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Abstract

Aims—To assess the diagnostic accuracy (DTA) of optical coherence tomography (OCT) for 

detecting glaucoma by systematically searching and appraising systematic reviews (SRs) on this 

issue.

Methods—We searched a database of SRs in eyes and vision maintained by the Cochrane Eyes 

and Vision United States on the DTA of OCT for detecting glaucoma. Two authors working 

independently screened the records, abstracted data and assessed the risk of bias using the Risk of 

Bias in Systematic Reviews checklist. We extracted quantitative DTA estimates as well as 

qualitative statements on their relevance to practice.

Results—We included four SRs published between 2015 and 2018. These SRs included between 

17 and 113 studies on OCT for glaucoma diagnosis. Two reviews were at low risk of bias and the 

other two had two to four domains at high or unclear risk of bias with concerns on applicability. 

The two reliable SRs reported the accuracy of average retinal nerve fibre layer (RNFL) thickness 

and found a sensitivity of 0.69 (0.63 to 0.73) and 0.78 (0.74 to 0.83) and a specificity of 0.94 (0.93 

to 0.95) and 0.93 (0.92 to 0.95) in 57 and 50 studies, respectively. Only one review included a 
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clear specification of the clinical pathway. Both reviews highlighted the limitations of primary 

DTA studies on this topic.

Conclusions—The quality of published DTA reviews on OCT for diagnosing glaucoma was 

mixed. Two reliable SRs found moderate sensitivity at high specificity for average RNFL 

thickness in diagnosing manifest glaucoma. Our overview suggests that the methodological quality 

of both primary and secondary DTA research on glaucoma is in need of improvement.

INTRODUCTION

Optical coherence tomography (OCT) is a high-resolution imaging technology that allows 

quantitative and objective structural measurements of the optic nerve head (ONH) and 

retina.1–3 Although the role of OCT in the clinical pathway has not yet been completely 

clarified, it is routinely used as a complementary test for diagnosing and monitoring 

glaucoma, and those at risk of glaucoma.45 OCT could be also used to optimise referrals by 

primary eye care practitioners to ophthalmologists, or as a screening tool in a community 

setting.67 Many primary studies as well as review articles have been published in the 

literature to explore the ability of OCT for detecting glaucoma at different stages of the 

disease.

Reliable systematic reviews (SRs) are necessary to synthetise current evidence and, as 

suggested by the Institute of Medicine in the USA (now called the National Academies of 

Sciences, Engineering, and Medicine), should be used in the development of clinical 

guidelines to inform the health decision-making and to improve the standard of care.89

With this goal in mind, in 2018, the European Glaucoma Society (EGS) and the Cochrane 

Eyes and Vision United States (CEV@US) collaborated on updating the EGS guidelines 

using reliable SRs. The partnership followed a model between CEV@US and the American 

Academy of Ophthalmology, in which CEV@US identifies potentially relevant reliable SRs 

for updating the Preferred Practice Patterns guidelines.10–13

In this report, we summarise the current evidence on DTA SRs addressing the accuracy of 

OCT for detecting glaucoma, as collected by CEV@US to be used in the EGS guidelines. 

Specifically, we examined the reliability of DTA SRs on OCT for glaucoma detection, how 

the diagnostic clinical pathways were described in these reviews, the diagnostic accuracy of 

OCT in diagnosing glaucoma and the overall impact of these findings on the role of OCT in 

glaucoma care.

METHODS

Search strategy

CEV@US maintains a database of SRs in vision research and eye care. The database was 

initially created in 2007 and subsequently updated in 2009, 2012, 2014, 2016, 2017, 2018 

and 2019. A review article was considered eligible for this database when the title or abstract 

or full-text report claimed to be a ‘systematic review’ or ‘meta-analysis’ of studies on an 

eyes and vision condition, or when it met the definition of a SR or meta-analysis, as defined 

by the Institute of Medicine.14 More details can be found elsewhere.15
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For the EGS guidelines, EGS members and CEV@US investigators screened the records to 

identify SRs of various interventions and diagnostic tools for glaucoma. Two individuals 

independently examined the titles and abstracts, and then full text reports using Covidence. 

Any disagreement was resolved by a third senior member of the team.

For this report, from the group of SRs on diagnostic tools, we selected SRs that evaluated 

the diagnostic accuracy of OCT for diagnosing glaucoma and reported relevant measures 

(eg, sensitivity, specificity, area under the receiver operating characteristic curve (AUC), 

likelihood ratio, positive and negative predictive value). We included SRs assessing OCT 

alone or in comparison with other imaging methods, and we accepted any diagnosis of 

glaucoma as given by reviews authors. We considered only SRs that evaluated the more 

recent version of OCT with spectral-domain (SD) technology. We excluded narrative 

reviews, reviews of method and those assessing only secondary forms of glaucoma such as 

pseudoexfoliative or pigmentary glaucoma. We also excluded reviews that included only 

population- based studies for screening purposes.

Data extraction and risk-of-bias assessment

Two investigators independently extracted the following information in duplicate from each 

included SR: search strategy (searched databases, date restrictions, grey literature); test 

included/OCT models; inclusion/exclusion criteria; number of studies and number of OCT 

studies included; effect measure and risk-of-bias assessment tool used for primary studies; 

qualitative conclusions and implication for practice and research; and a summary of clinical 

pathway.

We followed guidance in the Cochrane Handbook for DTA reviews in assessing the 

definition and description of the clinical pathway—the context in which a test might be 

used.16 According to these criteria, review authors should put the collected evidence in the 

context by describing whether the test of interest (index test) is proposed as a triage test, an 

add- on test, or a replacement for an existing test, and describing the consequences of 

misclassification, by linking testing to management actions and downstream patient’s 

outcome.

Two investigators independently assessed the risk of bias of the included SRs using the Risk 

of Bias in Systematic Reviews (ROBIS) tool.17 We resolved any disagreements by 

discussion or by referring to a third senior author. The ROBIS tool adopts a domain- based 

structure, with four domains covering key aspects of the review process (eligibility criteria, 

identification and selection of studies, data collection and study appraisal, and synthesis/

findings). Each domain has several signalling questions; answers to the signalling questions 

inform a judgement about concerns related to that domain. An overall judgement on the risk 

of bias of the review can then be formed on the basis of all domain-level judgments.

To avoid potential for bias in reviewing the author’s own systematic review paper,18 MM 

was not involved in the risk-of-bias assessment and data extraction of its own work, and 

these tasks were conducted by two other review authors (AM and RQ).
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We planned to extract sensitivity and specificity as the preferred measures of accuracy and 

when not available we reported AUCs. One of the included reviews presented overall 

accuracy estimates which included the Stratus OCT. We computed pooled findings for SD-

OCTs only by transforming AUCs (95% CIs) to ORs.19

We planned to obtain data for retinal nerve fibre layer (RNFL) and ganglion cell complex 

(GCC)/ganglion cell +inner plexiform layer (GCIPL) and at least one sector parameter—

preferably the inferior sector which was shown to have better accuracy.18

RESULTS

Characteristics of included SRS

We screened 4072 title/abstracts from the CEV@US database and identified 31 reviews as 

potentially relevant. After the full-text review, we excluded 27 reviews (see figure 1 and 

online supplementary appendix 1 available as supplementary material, for reasons for 

exclusion). We included four SRs and their characteristics are described in table 1.

The four included SRs were published between 2015 and 2018. One review was published in 

The Cochrane Library18 and other three were published in peer- review journals.20–22 

Kansal et al22 focused on OCT alone, whereas the other three SRs evaluated OCT in 

comparison with other imaging devices including confocal scanning laser ophthalmoscopy, 

scanning laser polarimetry and frequency doubling technology. The number of primary 

studies included in each review ranged from 81 to 357, and the number of primary studies 

specially investigating SD-OCT included in each review ranged from 17 to 113. All reviews 

included studies considering manifest glaucoma as the target disease. Three reviews 

excluded screening and population- based studies, except for Ahmed et al.20 Three reviews 

considered studies using both functional and/or structural damages as reference standard for 

glaucoma, while Ahmed et al20 used only the visual field damages for this purpose.

Risk-of-bias assessment of the included SRs

A summary of risk-of- bias assessment of the included SRs is presented in table 2. 

Michelessi et al18 and Fallon et al21 were judged at low risk of bias for all ROBIS domains 

and Ahmed et al20 and Kansal et al22 were judged at high risk for at least one domain (full 

details are reported in online supplementary appendix 2, available as supplementary 

material).

Only Fallon et al21 and Michelessi et al18 had a protocol available. The lack of a predefined 

protocol increases the concern for bias in several aspects of the review process.23 All SRs 

searched a range of databases but additional methods of searching, such as searching 

conference abstracts or citations in existing reviews, were lacking in Fallon et al21 and 

Kansal et al.22 Three SRs reported the full search strategy, while Ahmed et al20 did not 

report any detail. Kansal et al22 included only primary studies published in English, while 

Ahmed et al20 did not report any details on the language accepted. All SRs used appropriate 

tools in conducting the risk-of-bias assessment of the included studies, such as Quality 

Assessment of Diagnostic Accuracy Studies (QUADAS)24 and QUADAS-2.25 However, 

Ahmed et al20 and Kansal et al22 did not report the number of assessors involved in the risk-
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of-bias assessment. Only Michelessi et al18 published a guidance for QUADAS-2 

assessment in the protocol. Ahmed et al20 failed to report all results following the methods 

described. Finally, none of the SRs conducted any sensitivity analysis although Michelessi et 
al18 addressed the reason for not conducting such analysis.

Clinical pathway assessment

Ahmed et al,20 Fallon et al21 and Kansal et al22 limited the clinical pathway description in 

specifying the target condition to be considered, the current gold standard for glaucoma 

diagnosis, and how the new tests might benefit patients (eg, by anticipating the diagnosis at 

an early stage of the disease course). Michelessi et al18 explicitly reported the diagnostic 

care pathway by describing how patients might present, how the index test is intended to be 

used and the downstream consequences of the index test results on the patient management 

care.

Methods used in meta-analyses

Michelessi et al18 and Fallon et al21 used appropriate meta-analysis methods, for example, 

bivariate or hierarchical summary receiver-operating characteristic methods. Ahmed et al20 

seemed to have applied univariate random-effect meta-analyses of all accuracy measures as 

they reported I2 for sensitivity and specificity, despite a lack of an explicit description. 

Kansal et al22 conducted univariate analyses of AUCs, which is statistically correct but not 

the standard method of collecting and presenting accuracy data to clinical users.

Quantitative estimates of accuracy and investigation of heterogeneity

No SRs reported the thickness threshold at which sensitivity and specificity pairs were 

calculated because they were not available in included studies, which mostly reported 

sensitivity at fixed specificity levels, such as 0.80 or 0.90. In fact, accuracy estimates cannot 

be used in clinical practice if a classification criterion, such as a thickness cut-off, is not 

reported.

Three SRs182021 reported at least one sensitivity and specificity pair as seen in table 3. For 

average RNFL thickness, average GCC/GCIPL thickness, or GGC thickness C/D vertical 

ratio, sensitivities were generally between 70% and 80% at high specificities slightly over 

90%.

Regarding investigation of heterogeneity, Michelessi et al18 found the sensitivity to be better 

for more severe glaucoma (average MD>−6 dB at study level) and Fallon et al21 reached 

similar conclusions analysing variation in DORs. They also assessed between-study 

heterogeneity regarding sensitivity in ROC and forest plots and reported this was large.

Qualitative interpretation of results

Michelessi et al18 concluded that ‘the accuracy of imaging tests for detecting manifest 

glaucoma was variable across studies, but overall similar for different devices’ and that 

‘accuracy may have been overestimated due to the case-control design, which is a serious 

limitation of the current evidence base’. They did not qualify the diagnostic performance of 

OCT but suggested that ‘the implications of using our estimates for clinical decision-making 
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is highly dependent on the care pathway and the diagnostic alternatives available, which 

goes beyond the scope of this review’. Kansal et al22 compared OCT devices and concluded 

that all OCTs ‘demonstrated good diagnostic accuracy in their ability to differentiate patients 

with glaucoma from normal controls’ and that ‘this ability increased with the severity of the 

glaucoma’. Ahmed et al20 and Fallon et al21 focused their conclusions on the performance of 

OCT relative to other devices.

Only Michelessi et al18 used Grading of Recommendations, Assessment, Development, and 

Evaluation methodology to present a summary of findings table—a succinct, transparent and 

informative summarisation, which presents both the magnitude of effects and the quality of 

evidence.

DISCUSSION

We identified four DTA SRs on OCT for detecting manifest glaucoma, all of which were 

published in the last 5 years.

With the increasing number of published SRs and the adoption of SRs to support evidence-

based guidelines, the need for rigorous SRs has become critical. In fact, as for individual 

studies, SRs are also prone to bias and errors which can lead to misleading conclusions.26 

We found that the methods of two reviews had at least one domain at high risk of bias, and 

were judged to be at high risk overall, whereas two other reviews were at low risk of bias for 

all domains. The areas of particular concerns were study eligibility criteria and data 

collection/study appraisal methods. In addition, two reviews did not report having a 

protocol.

Different inclusion criteria among the four reviews regarding index test (eg, type of OCT or 

OCT parameter used) and reference standard (perimetry and/or ONH assessment), resulted 

in a very different number of included studies and also in different parameters’ accuracy 

estimated. With regard to the reference standard, while Ahmed et al20 included only studies 

using functional criteria, other three reviews included both functional and/or structural 

reference tests, which were variably mixed. For example, the included studies using a 

combination of functional and structural criteria were 30.9%, 73.3% and 68.8%, 

respectively, for Fallon et al,21 Kansal et al22 and Michelessi et al.18 With such 

discrepancies, it is difficult to draw overall conclusions on the effect of different reference 

standard on OCT accuracy and it further highlights the need for consensus strategies aiming 

to standardise diagnostic testing studies in glaucoma.

Our findings that DTA reviews on OCT for diagnosing glaucoma have variable design and 

quality are common in other health areas27 and reflect that of primary DTA studies in this 

field. Methodological studies have found that studies on imaging tests for diagnosing 

glaucoma are poorly reported and lack a clear specification of the clinical pathway (eg, by 

specifying how the patient might present or be referred, any prior testing, the intended use of 

the test and the potential downstream consequences of different test results).28 This 

information allows readers to put the effect of estimated accuracy in the appropriate context, 
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and envision how the test results will impact the treatment strategies and patient’s outcome.
29

We found that the accuracy of several OCT parameters was highly variable among the 

included SRs, but ultimately suboptimal. Overall, sensitivity was only moderate at high 

specificity levels. The optimal balance between sensitivity and specificity is highly 

dependent on the setting. High specificity is usually desirable for a screening/case detection, 

in order to minimise the burden of false positive referrals in a low-prevalence population. On 

the contrary, an enriched population is typical of studies on referrals to secondary care, 

meaning that a high sensitivity is desirable to avoid missing many patients with glaucoma. 

The thickness threshold at which sensitivity and specificity pairs were calculated was not 

reported in the included SRs, as it was not available in primary DTA studies. In fact, without 

an explicit classification criterion (eg, thickness cut-off), accuracy estimates cannot be used 

in clinical practice.

In addition, accuracy may have been overestimated in primary DTA studies. A perfect 

reference standard for glaucoma diagnosis is still lacking and as a consequence, glaucoma 

suspect is commonly not involved in the DTA studies evaluating OCT for glaucoma 

detection, which often adopt a case-control design. Such design includes healthy controls 

separately from glaucoma cases; thus, it can magnify accuracy and reduce the applicability 

of the results to daily practice.30

A large study on consecutively referred glaucoma suspects, which was not included in any 

of our SRs because of its recent publication date, found that sensitivity was 0.77 and 

specificity was 0.79 for diagnosing manifest glaucoma using the RNFL classification of 

outside normal limits.31 A secondary publication of the same study found that the best 

parameter was inferior RNFL thickness and sensitivity was 0.55 at high specificity (0.95) 

and specificity was 0.39 at high sensitivity (0.95).32 This study, which avoided a case-

control design, suggests that the accuracy of OCT for diagnosing manifest glaucoma may be 

actually worse than that found in our included SRs.

Our focus was on SRs that investigated the overall accuracy of several OCT parameters 

compared with a reference standard, and we did not include the review published by Oddone 

et al3 in 2016 which found that accuracy of macular parameters was similar, but slightly 

lower, to that of RNFL parameters. This review used the same search strategies developed 

by the Cochrane Eyes and Vision Group for Michelessi 2015,18 included all studies already 

included in that review and restricted the analysis to a direct comparison between macular 

and RNFL parameters, thus not fitting the aim of this overview.

Quantitative imaging tests, such as OCT, are currently recommended by international 

guidelines as an add-on test to provide supplemental information to assist clinicians in 

glaucoma diagnosis.45 Both glaucoma suspects and patients with glaucoma with early and 

moderate disease are suggested to be examined with OCT at baseline, but it is mandatory 

that the OCT results must be interpreted in the context of all available clinical data.5

Our overview confirms that current evidence does not support the use of OCT as a stand-

alone test for diagnosing manifest glaucoma. Ultimately, the consequences of any estimate 
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of OCT accuracy on clinical decision-making depend on the specific pathway of care in 

which the test is to be used. Framing the clinical question in a specific setting and pathway is 

particularly important in DTA research, since the impact of test-guided decisions on 

patient’s outcome is in essence indirect in such studies.

Previous methodological studies have investigated the agreement between different SRs on 

the same interventions in similar populations.3334 Siontis et al suggested that while some 

independent replication of meta-analyses by different teams is possibly useful, the overall 

picture suggests that there is a waste of efforts with many topics covered by multiple 

overlapping SRs and meta-analyses.35 This overlap and redundancy apply to more recent 

review methods, including network meta-analyses.36 Our findings also reinforce the need 

that primary DTA study authors and DTA SR authors should adhere to reporting 

recommendations such as Standards for Reporting of Diagnostic Accuracy Studies and 

Preferred Reporting Items for Systematic Reviews andMeta-Analyses-DTA, respectively.
3738 Finally, overinterpretation, or spin, of accuracy estimates should be avoided.39

In conclusion, we have provided an overview of SRs on OCT for diagnosing manifest 

glaucoma. The diagnostic accuracy was suboptimal and potentially overestimated due to the 

case-control design of primary studies, partially supporting the role of OCT as add-on test in 

detecting glaucoma. Two reviews were at high risk of bias, used inappropriate methods and 

did not clearly report sensitivity and specificity for key OCT parameters. Our overview 

suggests that the methodological quality of both primary and secondary DTA research on 

glaucoma is in need of improvement.
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Figure 1. 
Flow chart showing the identification of systematic reviews of optical coherence 

tomography (OCT) diagnostic accuracy for detecting glaucoma.
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