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Abstract

Objective—To identify systematic reviews on interventions for glaucoma conditions and assess 

their reliability, thereby generating a list of potentially reliable reviews for updating the glaucoma 

practice guidelines.

Design—Cross sectional study

Participants—Systematic reviews of interventions for glaucoma conditions.

Methods—We used a database of systematic reviews and meta-analyses in vision research and 

eye care maintained by the Cochrane Eyes and Vision United State Satellite as a source of reviews. 

We examined all Cochrane systematic reviews of interventions for glaucoma conditions published 

before August 7th, 2019 and all non-Cochrane systematic reviews of interventions for glaucoma 

conditions published between January 1st, 2014 and August 7th, 2019.

Main Outcome Measures—We assessed eligible reviews for reliability, extracted 

characteristics, and summarized key findings from reviews classified as reliable.

Results—Of the 4,451 systematic reviews in eyes and vision identified, 129 met our eligibility 

criteria and were assessed for reliability. Of these, we classified 49 (38%) as reliable. We 

found open-angle glaucoma (22/49) to be the condition with the most reviews and medical 

management (17/49) and intraocular pressure (43/49) to be the most common interventions 

and outcomes studied. Most reviews found a high degree of uncertainty in the evidence, 

which hinder the possibility of making strong recommendations in guidelines. These reviews 

found high-certainty evidence about a few topics: reducing IOP helps prevent glaucoma and its 

progression; prostaglandin analogues are the most effective medical treatment for lowering IOP; 

laser trabeculoplasty is as effective as medical treatment as a first-line therapy in controlling 

IOP; the use of IOP lowering medications peri- or post-operatively to accompany laser (e.g., 
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trabeculoplasty) reduces the risk of post-operative IOP spikes; conventional surgery (i.e., 

trabeculectomy) are more efficacious than medications in reducing IOP; antimetabolites and 

beta-radiation improve IOP control after trabeculectomy. There is weak evidence regarding the 

effectiveness of minimally invasive glaucoma surgeries.

Conclusions—The majority of systematic reviews evaluating interventions for glaucoma are of 

poor reliability. Even among those that may be considered reliable, there are important limitations 

in the value of information due to the uncertainty of the evidence as well as small and sometimes 

unimportant clinical differences between interventions.

PRECIS

We found 49 reliable systematic reviews for a variety of glaucoma conditions and interventions. 

Most reviews found a high degree of uncertainty in the evidence presented and the usefulness for 

forming recommendations for clinical practice.
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Systematic Reviews; Glaucoma; Evidence-Based Medicine; Guideline Development

The purposes of clinical practice guidelines are to support decision making, improve 

health outcomes, optimize resource utilization, and reduce clinical practice variation.1,2 

Current recommendations for guideline development include a systematic process to identify 

relevant questions, synthesize the best available evidence in systematic reviews, ideally from 

high quality randomized controlled trials for effects of interventions, and provide clinically 

relevant recommendations.3–5

The process of developing evidence based guidelines is challenging.6–8 There may be a lack 

of primary studies to answer some questions or uncertainty in the evidence because the 

estimates are not precise, the primary study populations are not directly relevant to the target 

population, the risk of bias is high, there may be too much heterogeneity in the estimates, 

or there may be a potential for publication bias.9–11 Approaches have been developed to 

assessing the certainty of evidence and guiding the strength of recommendations when 

developing guidelines. GRADE (Grading of Recommendations, Assessment, Development 

and Evaluation) is one such approach that is widely accepted and utilized due to its 

transparent approach, although the complexity of the evidence and the experience of 

the reviewers can impact the resulting judgements of evidence.6,12,13 Furthermore, the 

applicability of research findings and proposal of recommendations can be challenging 

because of the inconsistency of outcomes studied and lack of consensus on the effect sizes 

that are clinically meaningful.14–18

In 2011, the Institute of Medicine in the United States (now called the National Academies 

of Sciences, Engineering, and Medicine) released standards for developing trustworthy 

clinical practice guidelines. The standards include a recommendation that guideline 

developers use evidence from high quality systematic reviews (defined in Box 1) to inform 

recommendations.19,20 Accordingly, since 2014, the American Academy of Ophthalmology 

(AAO) has partnered with the Cochrane Eyes and Vision United States Satellite (CEV@US) 

to obtain systematic reviews relevant to their updates of the Preferred Practice Patterns 
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(PPPs) guidelines. Specifically, CEV@US identifies potentially reliable systematic reviews 

that can be used to inform guideline recommendations on the effectiveness of various 

interventions. The 2016 cataract, 2017 refractive error, 2018 cornea, and 2019 retina PPPs 

demonstrate the success of this partnership.21–24 In 2019, the alliance continued for the 

development of the upcoming 2020 glaucoma PPPs.25–27 Following the framework for 

collaboration between the AAO and CEV@US, the European Glaucoma Society (EGS) 

partnered with CEV@US in 2019 to collect evidence to inform EGS guideline development.

For both partnerships, we sought to (1) identify systematic reviews on interventions for 

glaucoma conditions and assess their reliability, (2) generate a list of potentially reliable 

systematic reviews which can be used for updating the glaucoma practice guidelines, and (3) 

summarize the body of evidence contained therein.

METHODS

Search for studies and eligibility criteria

CEV@US maintains a database of Cochrane and non-Cochrane systematic reviews and 

meta-analyses in vision research and eye care. The initial search for systematic reviews 

was conducted in 2007 and the search has been updated seven times since, most recently 

on August 7, 2019.20,28 The search is conducted in PubMed, Embase, and the Cochrane 

library and utilizes a mixture of keywords and controlled vocabulary, designed by the 

information specialists at Welch Medical Library. The full search strategy can be found in 

Appendix 1. We defined a systematic review as a full-text report which either labeled itself 

as a systematic review or meta-analyses anywhere in the text; or met the definition of a 

systematic review or a meta-analysis, when these terms were not used, as defined by the 

Institute of Medicine.19 Systematic reviews are included in the database after two reviewers 

independently perform title/abstract and full-text screening, resolving any discrepancies 

through discussion.

Initially, two independent research assistants classified each included record by condition. 

In early 2019, EGS members verified and re-classified all database records by condition. 

When the database was updated in August 2019, all new records were screened and selected 

by CEV@US researchers and EGS members; and the conditions were classified by EGS 

members of the team (AAB, MM, GV).

For inclusion in this report, systematic reviews must have assessed one or more 

interventions for glaucoma conditions, including open angle glaucoma (OAG) (primary, 

including normal tension glaucoma; or secondary, such as pigmentary and pseudoexfoliative 

glaucoma), ocular hypertension, primary angle closure glaucoma (PACG), or any other 

types of glaucoma (e.g., refractory, non-refractory, neovascular, primary congenital, 

pseudoexfoliative, pigmentary). We included relevant glaucoma reviews that were published 

between January 1st, 2014 to August 7th, 2019 because prior experience with guideline 

creation indicates that older reviews are often not used, reviews that are new should include 

studies found in previous reviews, and systematic reviews published more than 5 years 

ago are unlikely to be up to date.29 Additionally, glaucoma reviews pre-2010 are covered 

in previous work by an author.30 We only considered reviews that were published before 
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January 1st, 2014 if the review was a Cochrane review with no restriction on dates. For 

eligible systematic reviews with more than one publication, we included the most recent or 

complete version for this report.

Assessment of reliability of systematic reviews and data extraction

We used the Systematic Review Data Repository (SRDR) for data extraction and reliability 

assessment of included reviews. To assess reliability, we adapted a data extraction form used 

by our team in previous studies.20–24,30–33 We extracted the methods used for systematic 

reviews (which form the basis for assessing the potential reliability of these reviews), 

including specifying the eligibility criteria, the search strategy, the number of people 

involved in completing each step of the systematic review, whether the risk of bias in the 

included studies had been assessed, and, if performed, how meta-analysis was conducted. 

Data items on assessing the methodological rigor for systematic reviews came from the 

Critical Appraisal Skills Programme (CASP),34 the Assessment of Multiple Systematic 

Reviews (AMSTAR),35 and the Preferred Reporting Items for Systematic reviews and Meta

Analyses (PRISMA).36

We classified a systematic review as potentially “reliable” if it met the following 

methodological criteria: (1) defined eligibility criteria for selection of individual studies, 

(2) conducted a comprehensive literature search for eligible studies, (3) assessed the risk of 

bias of the individual included studies using any method, (4) used appropriate methods for 

meta-analyses (criterion only assessed if meta-analysis was performed), and (5) we observed 

concordance between the review’s findings and conclusions. We considered a systematic 

review “unreliable” when one or more of these criteria were not met. Definitions of the 

reliability assessment criteria are given in Box 2. We acknowledged that these criteria are 

“minimal” in the sense a review considered potentially “reliable” could still have some 

methodological deficiencies. We performed further data extraction on each review that 

we classified as potentially reliable, including: the population, interventions compared, 

outcomes examined (“PICO”), the number of studies and participants (or eyes) included, and 

key findings. We assigned a primary intervention type to each review based on their included 

interventions and comparators. The identified reliable reviews and their characteristics 

were subsequently presented to the AAO and the EGS to help guide the development of 

their glaucoma PPP and guidelines. Our ensuing results regarding the evidence to support 

interventions for glaucoma are derived entirely from reliable reviews, not what may be 

found if one were to perform an original systematic review.

A single EGS or CEV member conducted the reliability assessment and data extraction, 

followed by a complete verification of the reliability assessment and subsequent extraction 

for all reliable reviews by a senior member of the team (AAB, TL, RQ, GV). The senior 

member made the decision regarding any identified discrepancies. We used this single 

extraction with verification approach as it has been demonstrated to be as accurate as double 

independent data abstraction.37

Our observations on the certainty of evidence for interventions are based upon the GRADE, 

Risk of Bias, or quality assessments within included systematic reviews. In general, “no 

evidence” means no RCTs – or whatever eligible study design was specified by the review(s) 

Qureshi et al. Page 5

Ophthalmol Glaucoma. Author manuscript; available in PMC 2022 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



– have made the comparison, whereas “uncertainty” means there might be eligible studies, 

but the certainty in evidence has been downgraded due to one or more reasons including 

imprecision, inconsistency, indirectness, high risk of bias, or publication bias.

This study is non-human subject research, comprising entirely secondary data from 

systematic reviews, and thus no institutional review board application was required and 

the tenets of the Declaration of Helsinki do not apply.

RESULTS

Of the 4,451 systematic reviews in eyes and vision that we identified as of August 2019, 321 

examined the effectiveness and/or safety of an intervention relating to one or more glaucoma 

conditions (Figure). Of these 321, we excluded 192 due to various reasons, including being a 

non-Cochrane review published before January 1st, 2014 (n = 129) (Figure).

Study characteristics

We assessed the reliability of 129 systematic reviews. We classified 49/129 (38%) reports 

as “reliable” and 80/129 (62%) as “unreliable”. Appendix 2 contains a listing of the 80 

unreliable reviews as well as their reasons for being considered unreliable. Four reviews did 

not identify any primary studies (i.e., empty reviews).

Reviews could examine multiple conditions, interventions, and outcomes. We found open 

angle glaucoma to be the condition with the most reviews (22/49), followed by ocular 

hypertension (11/49) and any type of glaucoma (10/49) (Table 1). We did not find any 

reviews that assessed interventions for acute angle closure attack. Most of the reviews 

focused on medical (17/49) interventions, followed by surgical (14/49) and laser (10/49) 

interventions (Table 1). We found intraocular pressure (IOP) (43/49) and safety (38/49) to be 

the two most commonly assessed outcomes. Visual field (19/49), treatment burden (18/49), 

treatment success/failure (17/49), and visual acuity (16/49) were the next most commonly 

assessed outcomes. Cost effectiveness (1/49), visual function (e.g., reading small print or 

driving) (2/49), and quality of life (6/49) were rarely assessed in reviews (Table 1).

Clinical findings of 49 reliable reviews

Table 2 presents the 49 included reviews and their characteristics including objective, 

participants, interventions and comparators, number of studies and participants included, 

main conclusions. This table is sorted by intervention type – medical interventions, surgical 

interventions, laser interventions, or devices – and in anti-chronological order (most recent 

publications first).

We determined 17 reviews of medical interventions for glaucoma to be reliable. There 

is high-certainty evidence from the trials included in these reviews that lowering IOP 

decreases conversion from ocular hypertension to glaucoma and also reduces disease 

progression in people with glaucoma. With regard to topical treatments, prostaglandin 

analogues (PGAs) are the most effective initial treatment for reducing IOP among patients 

with OAG and PACG. However, it is unclear if the differences between PGAs and other 

options are clinically important. Further, there are no data in our systematic reviews about 
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the comparative effectiveness of PGAs and other treatment options on patient-centered 

outcomes, such as disease progression or quality of life. In terms of tolerance, PGAs lead 

to more problems with hyperaemia than any other monotherapy regimen but have a safe 

systemic profile. Evidence shows that combining PGAs with drugs of other classes (e.g., 

0.5% timolol) can lead to better IOP decrease.

There is no evidence from systematic reviews to support neuroprotection, nutritional 

supplementation, or alternative therapies for managing glaucoma. Additionally, there is 

uncertainty regarding the effectiveness of behavioural and educational interventions to 

improve adherence to glaucoma medication.

For surgical and post-operative interventions for glaucoma, we identified 16 reliable 

reviews. Most of the reviews investigated trabeculectomy in patients with OAG. Surgical 

(i.e., trabeculectomy) interventions are more effective than medications in reducing IOP. 

Anti-fibrotic agents, such as mitomycin-C and 5-Fluorouracil, and beta-irradiation improve 

control of IOP, but it is unclear if any of these agents is superior to the others or if their 

use increases the risk of uncommon severe complications after trabeculectomy. There is 

no evidence to support many other modifications to the trabeculectomy technique over 

another, including the use of a non-penetrating technique or viscocanalostomy, the use of 

devices (ExPRESS shunt, ologen implants, amniotic membrane), the use of intraoperative or 

post-operative anti-vascular endothelial growth factor, different types of conjunctival flaps, 

or the use of releasable sutures. Additionally, topical non-steroidal anti-inflammatories after 

trabeculectomy are no better than topical steroids for post-operative IOP control. There 

is uncertainty regarding the comparative effectiveness and safety of combined glaucoma 

and cataract surgery in people with cataract and glaucoma. Similarly, the effectiveness and 

safety of surgical interventions for congenital glaucoma is uncertain. There is no evidence 

regarding interventions to manage encapsulated blebs or late bleb leaks.

Of the reviews of laser and perioperative interventions for glaucoma, we assessed 11 as 

reliable. Laser trabeculoplasty is as effective as medical treatment as a first-line therapy 

in controlling IOP in open-angle glaucoma. Of these methods, selective and argon laser 

trabeculoplasty have similar IOP lowering efficacy. Perioperative medications reduce the 

risk of early IOP spikes after laser trabeculoplasty, but it is uncertain which of the available 

medications are most effective. There is no evidence to support laser peripheral iridotomy 

for pigmentary glaucoma. There is also uncertainty about the comparative effectiveness 

of different laser interventions for prevention or treatment of PACG. With regard to 

cyclodestructive procedures, including external and endoscopic cyclophotocoagulation, their 

comparative effectiveness and safety is also uncertain.

We identified five reliable reviews of surgical devices for glaucoma. Overall, there is 

uncertainty regarding the effectiveness of minimally invasive glaucoma surgery (MIGS) 

devices for glaucoma, including when used in combination with cataract surgery compared 

with cataract surgery alone. There is also uncertainty regarding the effectiveness of 

glaucoma drainage devices or aqueous shunts compared with trabeculectomy. There is some 

weak evidence that that Baerveldt shunts may lower IOP more than Ahmed shunts, however 
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the difference may not be clinically important. It is also uncertain whether the concurrent 

use of mitomycin-C improves surgical outcomes of aqueous shunts.

DISCUSSION

In a report to the National Leadership Commission on Health Care in the late 1980s, Eddy 

and Billings concluded that no high-level evidence existed demonstrating the effectiveness 

of treatment for glaucoma.38 Although generally dismissed by practitioners, this report 

prompted the glaucoma community to launch several landmark randomized controlled 

trials that confirmed the benefit of IOP reduction in patients with glaucoma and ocular 

hypertension. Subsequent trials investigated the safety and efficacy of various therapeutic 

approaches for lowering IOP including new medical treatments, surgical techniques, and 

devices. Both ophthalmologists and patients expect clinical practice guidelines to be based 

on best available evidence gathered through evidence synthesis. Overall, there is high

certainty evidence supporting the current practice of reducing IOP as it reduces the risk 

of glaucoma in people with ocular hypertension and also the risk of disease progression 

in people with established glaucoma. However, we found evidence directly comparing the 

effectiveness of different treatments was limited.

We found a large number of unreliable systematic reviews of interventions for glaucoma 

and its conditions and only 38% reviews were considered reliable. Nearly all these 

reliable reviews covered important aspects of treatment and maintenance of glaucoma 

through medical management, surgical and postoperative procedures, laser and perioperative 

interventions, and devices. When the certainty of evidence was rated or discussed, most of 

the reviews found a high degree of uncertainty in the data that they presented. Consequently, 

based on systematic reviews, we have high certainty about only a few topics: PGAs alone or 

in combination with other medications are the most effective medical treatment for lowering 

IOP, although ocular redness is a common side effect; laser trabeculoplasty is as effective 

as medical treatment as a first-line therapy to control IOP; the benefits of using medications 

peri- or post-operatively to accompany laser interventions; trabeculectomy is more effective 

than medications to lower IOP; use of antimetabolites or beta-irradiation improves IOP 

control after trabeculectomy. We found that the largest number of reviews concern medical 

treatment, and this is commensurate with the fact that medical management of glaucoma 

is also the area that has the greatest number of trials. Recent systematic reviews evaluating 

novel surgical interventions such as MIGS did not find strong evidence regarding their 

effectiveness; however, the recency of MIGS approvals and applications, as well as many 

yet in the approval process, limits substantially the conclusiveness of systematic reviews 

regarding MIGS efficacy and safety.

Despite having a selection of systematic reviews that we considered to be reliably 

conducted, we encountered challenges in the use of these data to inform clinical guidelines. 

This was mainly due to lack of primary research or low certainty evidence from or 

randomized trials or non-randomized studies with high risk of bias. Publication bias among 

primary studies is another threat to the systematic reviews we identified, which in turn 

may have an effect on our own conclusions in presenting the available evidence. As 

such, reliability of reviews defined by our five criteria should not be confused with an 
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assessment of certainty of the body of evidence; and as a matter of fact, many reliable 

reviews concluded that the evidence is uncertain. Systematic reviews are not infallible and 

we have explored the reasons for unreliable reviews and ways in which reviews could be 

improved – both at the review level and that of the journal and the publishing process – in 

previous works.21–24

Similarly, we often found that the conclusions made in the systematic reviews were not 

presented in a workable form that can be used to draw up clinical guidelines (e.g., no 

GRADE Summary of Findings Tables). Often no attempt was made to indicate whether 

differences in efficacy data or side effects were clinically important.

Another obstacle is that systematic reviews take time to conduct and thus results may 

be out of date shortly after being completed, especially in fast-moving fields where new 

interventions are approved in quick succession and old standards may fall out of practice. 

For example, the LIGHT trial, EAGLE trial, and ZAP trial were not yet included in any of 

the systematic reviews we examined.39–41 The longer it has been since publication, the more 

likely a systematic review is missing new important evidence or even asking an outdated 

question.

One further challenge that affects the applicability of evidence to guidelines is inconsistency 

in the outcomes studied. When primary studies assess different outcomes, it becomes 

challenging to synthesize these in systematic reviews. For example, the reliable systematic 

review on various first line medications for OAG could not meta-analyze any visual field 

data because they were either not reported, not measured comparably, or reported in a 

manner that disallowed meta-analysis.42 The development and use of core outcome sets 

is one way to mitigate this challenge because a standardized set of outcomes for primary 

studies in a given condition, and subsequent reviews of interventions for the condition, 

would allow evidence to be directly comparable between studies, improve the value of 

review articles, and permit guideline developers to draw stronger conclusions regarding the 

potential effects of interventions.43,44 Examples of core outcome sets for glaucoma have 

already been developed.43,44

Our study has both strengths and limitations. The greatest strength is the use of a well

defined protocol, which has been refined through multiple iterations and led to successful 

previous partnerships between the AAO and CEV@US. Limitations of the study arise 

primarily from the characteristics of the included reviews. Our classification of reliability 

focused solely on five criteria applied to the systematic review report. We did not further 

assess the strength of the evidence where it was not already assessed in the reviews. 

Interpretation and drawing conclusions from uncertain evidence is complex and subjective, 

and thus we would recommend extreme caution when interpreting the quoted “conclusions” 

of the included reviews. Finally, even with our decision to include only reviews published 

within the last five years, it is possible that a reliable systematic review may not be updated, 

especially in rapidly evolving fields.
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CONCLUSION

Many systematic reviews compared a range of interventions for glaucoma conditions, 

however we found that most are unreliable with regard to the methods used. Even among 

those which may be considered reliable, there are issues with the certainty in the evidence 

presented and the usefulness of evidence for forming recommendations in clinical practice 

guideline. Our findings demonstrate the need for improved quality and cohesion in future 

research, both primary and secondary, on interventions for glaucoma conditions.
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MIGS Minimally Invasive Glaucoma Surgery
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Box 1.

Definition of systematic review

Systematic reviews are scientific investigations which seek to answer a specific research question through 
the collection and critical assessment of all evidence meeting pre-specified criteria.15 When conducting a 
systematic review, it is imperative that investigators use explicit and pre-specified methods to identify, select, 
appraise, and summarize all available evidence.15 A systematic review should synthesize evidence qualitatively 
and may also include a “meta-analysis”: the quantitative combination of results from independent studies.
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Box 2.

Criteria for assessing the reliability of systematic reviews

Criterion Definition applied to systematic review reports

Defined eligibility criteria Described inclusion and/or exclusion criteria for eligible studies.

Conducted 
comprehensive literature 
search

Review authors (1) described an electronic search of two or more 
bibliographic databases; (2) used a search strategy comprising a mixture of 
controlled vocabulary and keywords; (3) reported using at least one other 
method of searching such as searching of conference abstracts; identified 
ongoing trials; complemented electronic searching by hand search methods 
(e.g., checking reference lists); and contacted included study authors or 
experts.

Assessed risk of bias of 
included studies

Used any method (e.g., scales, checklists, or domain-based evaluation) 
designed to assess methodological rigor of included studies.

Used appropriate 
methods for meta
analysis

Used quantitative methods that (1) were appropriate for the study design 
analyzed (e.g., maintained the randomized nature of trials; used adjusted 
estimates from observational studies); (2) correctly computed the weight for 
included studies.

Observed concordance 
between review findings 
and conclusions

Authors’ reported conclusions were consistent with findings, provided a 
balanced consideration of benefits and harms, and did not favor a specific 
intervention if there was lack of evidence.
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Figure. 
Study flow chart
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Table 1.

Populations, interventions, and outcomes of 49 reliable glaucoma intervention reviews

Review characteristic Reviews
n

Condition 
a 

 Open angle glaucoma (primary or secondary, pigmentary, pseudoexfoliative, normal tension) 22

 Ocular hypertension 11

 Acute angle closure attack 0

 Primary angle closure glaucoma 6

 Any type of glaucoma 10

 Other
b 16

Intervention type 
c 

 Medical interventions 17

 Laser interventions 10

 Surgical interventions 14

 Devices 5

 Post operative (Surgical interventions) 2

 Perioperative (Laser interventions) 1

Outcomes 
a 

 Intraocular pressure (IOP) 43

 Visual function (e.g., reading small print, driving) 2

 Visual field 19

 Visual acuity 16

 Treatment success or treatment failure 17

 Need for reoperation 9

 Treatment burden (e.g., reduction in number of drops) 18

 Morphologic measures (e.g., optic disc damage, nerve fiber layer loss) 9

 Safety (e.g., adverse events) 38

 Quality of life (general or vision-related) 6

 Cost, or cost-effectiveness 1

 Other
d 10

a
Reviews could examine multiple conditions and outcomes

b
Examples of “Other” types of glaucoma: refractory, non-refractory, neovascular, primary congenital, pseudoexfoliative, pigmentary

c
Reviews were assigned a primary intervention type based on their designated interventions and comparators

d
Examples of “Other” outcomes: mean ocular perfusion pressure, pain control, electrophysiology, postoperative hypertensive phase, optic atrophy, 

adherence/persistence, patients’ knowledge of glaucoma, glaucoma/optic neuropathy progression, ocular problems (e.g., late hypotony, maculoathy, 
cataract, epitheliopathy, Tenon’s cyst, hyphaema, endophthalmitis)
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