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INTRODUCTION 

With improving technology, new types of glaucoma surgery are emerging, though 

conventional procedures such as trabeculectomy and aqueous shunts remain 

commonly undertaken procedures. Glaucoma surgery is usually offered to patients with 

disease progression, uncontrolled intraocular pressure (IOP) on maximum tolerable 

medical therapy, patients with advanced disease at presentation or as an alternative to 

drops.1-4 

When comparing surgical interventions using randomized controlled trials (RCTs), 

evaluation of safety is as important as efficacy. Capturing and quantifying harm resulting 

from surgery is expected 5 though the reporting of complications from interventions lack 

uniformity and quality across several medical specialties.5-8     

 The World Glaucoma Association (WGA) has outlined key recommendations for 

reporting glaucoma surgical trial results including a comprehensive list of complications. 

9 However there has not been an attempt to quantify harm or reach a consensus 

regarding the severity of each complication.  In contrast, clinical trials of general surgery 

and urology typically use a standardized classification of severity to quantify degree of 

surgical harm.5-8 

The purpose of our study is firstly, to assess the quality of harm reporting among 

contemporary RCTs published since 2010 using the Consolidated Standards of 

Reporting Trials (CONSORT) extension for harm as a benchmark.10 Secondly, we aim 

to establish a severity score for recognized complications of glaucoma surgery through 

a consensus approach among glaucoma experts to generate a classification system of 

severity of glaucoma surgical complications. 

 

METHODS 

This project has a twofold component, a systematic review of the literature and a Delphi 

survey among glaucoma experts. In line with the central tenet of the Declaration of 

Helsinki, all the survey participants gave their informed consent.  Formal ethical review 

board approval was not sought.  We conducted a systematic review and searched for 
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RCTs of glaucoma surgical interventions. Trials eligible for inclusion were those 

reporting outcomes of trabeculectomy and aqueous shunts published or registered from 

January 2010 to July 2017. We excluded trials of laser treatments and those evaluating 

novel techniques such as minimally invasive glaucoma surgery (MIGS), registered trials 

that have not published data, trials involving children, publications that were not in 

English and trials on interventions to manage complications arising from glaucoma 

surgery.  The protocol of the systematic review was registered in PROSPERO 

(https://www.crd.york.ac.uk/prospero/): CRD42017079778.  A detailed description of the 

search strategy is available in Appendix 1.   Two reviewers (SS, AA-B) independently 

reviewed the titles and abstracts to identify eligible studies.  For abstracts that were 

either potentially eligible or ambiguous, full text articles were sourced and reviewed to 

determine eligibility (Figure 1) and extract data.  

For those eligible publications we utilized the CONSORT extension for harm to evaluate 

the quality of reporting of complications.  The CONSORT harm checklist is an extension 

of the original CONSORT 22 item checklist10 that includes 10 broad criteria with 

additional descriptors. (Table 1).   We adopted the approach previously used for 

reviewing harm reporting based on the CONSORT harm checklist in surgical trials11 but 

excluded one item, “description of adverse events leading to death”, as this is not 

expected to happen after glaucoma surgery.  We assigned a yes (), no () or (N/A) to 

each of the 15 items listed (Appendix 2, Supplemental Material at AJO.com).  Data 

collected was represented as a percentage of studies complying with each criterion 

(Table 1).  All the articles were independently reviewed by two reviewers (SS, AA-B) 

and any disagreements were resolved with discussion between the two reviewers. 

A Delphi method was employed to reach a consensus among experts on the severity of 

glaucoma complications. The Delphi method is an iterative consensus technique, which 

comprises presentation of sequential questionnaires, which are answered anonymously 

by a panel of participants with relevant expertise.  Questioning takes place over two or 

more rounds, and after each round of questions a summary of the responses is fed 

back to the expert group.  Respondents may then use this additional information to 

modify their original answers or to change their opinion in the subsequent round of 
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voting.  In general with each round the range of answers for an individual question 

decreases and the group converge towards a consensus opinion.  We approached 

representatives of the European Glaucoma Society, American Glaucoma Society, 

Japanese Glaucoma Society, Asia-Pacific Glaucoma Society, and International Society 

of Glaucoma Surgery, and ophthalmologists with experience in glaucoma clinical trials 

from these societies were invited to participate in the Delphi exercise (n = 43).   Prior to 

undertaking the Delphi exercise we conducted a pilot phase to refine the survey content 

and test the software platform (Appendix 1, Supplemental Material at AJO.com).   

In the Delphi exercise we presented general complications of glaucoma surgery, and 

specific complications of trabeculectomy and aqueous shunts.  For each complication 

we provided instructions for the clinician to grade severity from 1 to 10, where 1 

indicates “no harm” and 10, the worst possible surgical outcome (e.g., permanent total 

visual loss and painful eye).  In round 1 of the Delphi survey, a space was provided 

under each question for the clinician to provide any relevant comments.  Enalyzer PRO 

(Copenhagen, Denmark) software was utilized as a platform for the Delphi survey.  

Round 1 survey questions can be accessed on 

https://surveys.enalyzer.com?pid=g8s8m5pa 

Amendments were made after taking into consideration comments from round 1. The 

finalized list of questions in round 2 can be accessed on  

https://surveys.enalyzer.com?pid=m5hm5r57.   Responses gathered were collected into 

an excel sheet. The median grade and interquartile range for the severity of each 

complication was calculated. An interquartile range (IQR) of ≤ 2 in severity classification 

was considered necessary for reaching consensus. (Figures 2, 3, 4, Supplemental 

Material at AJO.com) 

 

 

RESULTS 

Our search initially yielded 101 titles and abstracts. A total of 47 studies were deemed 

eligible (Figure 1).  Among the eligible studies, one study 61 did not report any 

complications, one study was published in letter to editor format53, one is a registered 

trial which is not published14 and three are baseline studies of large RCTs without long 
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term complication data.26,28,30 The full list of excluded articles is attached in appendix 1. 

There were 15 publications with trials involving trabeculectomy, 14 involving aqueous 

shunts, seven involving trabeculectomy in combination with Express shunt or 

canaloplasty, six involving phaco-trabeculectomy, three involving aqueous shunts in 

combination with other methods, one comparing trabeculectomy, sclerectomy, Ahmed 

valve and Express shunt; and one comparing canaloplasty and non-penetrating deep 

sclerectomy.   

We assessed the number of studies fulfilling the 10 criteria in CONSORT extension for 

harm checklist from a total of 47 trials (Table 1). None of the eligible studies used a 

validated instrument to report severity of adverse events. Only one study specified 

withdrawals due to harm.49 Other criteria that were infrequently reported included 

subgroup analyses for harm (6.4%), withdrawals due to harm (6.4%), attribution of 

methods to harms (10.6%), absolute risk of harm in appropriate metrics and variables 

(14.9%), reporting severity of adverse events (21.3%), definitions used for analysis of 

harm (21.3%) and analysis of harm (25.5%).  Among studies which reported definitions 

of adverse events (34%), three trials reported use of a list of expected adverse events 

and facilitated reporting of unexpected events in their trial data collection sheets with 

additional space 1,2,3,15,26,27,28,52; whilst three trials included their own predefined list of 

complications.26,34,49 The remaining publications did not address how they defined 

complications.  

In reporting the severity of adverse events, two large multicenter trials defined sight 

threatening complications as loss of at least 2 lines of Snellen VA or return to the 

operating room.1,2,3,26,27,28 Five studies provided definitions of major, devastating or 

severe complications in their methodology 1,2,3,26,27,28,34,45,48 or attempted to give 

examples of them 16,17.  The different descriptions of severe or major complications are 

detailed in Table 2.  

Forty-three glaucoma experts were invited to participate in the Delphi survey.  Of the 

invited participants, 41 (95%) took part in the round 1 survey; 49% were based in the 

United States of America (USA), 36% in Asia-Pacific countries and 15% in Europe.  We 

incorporated comments gathered from round 1 and modified the survey in round 2 as 

follows: (1) addition of subcategories ‘phakic’ and ‘pseudophakic’ to the question 



6 
 

‘malignant glaucoma requiring surgical intervention’, (2) addition of phakic status to the 

question ‘tube lenticular touch’, (3) addition of ‘brisk’ and ‘minor’ to describe types of 

wound leak. Results from round 1 available via the link 

https://www.enalyzer.com:443/reporting/sharedreport?key=fc579695-92c6-4fbf-8203-

31a2edf98d73.  We achieved a participation rate of 80.5% in round 2.  The median 

grades of severity of complications after round 2 are shown in Table 3 and Figures 2-4 

Supplemental Material at AJO.com.  All except one complication (tube-lenticular touch 

in a phakic eye) achieved good consensus. (Figures 2, 3, 4, Supplemental Material at 

AJO.com).  

 

DISCUSSION 

This study systematically assessed how complications of glaucoma surgery were 

analyzed and reported in recent RCTs.  In addition, we have developed a classification 

system for severity of glaucoma surgical complications, based on consensus among 

international experts.   

Using the CONSORT checklist for reporting of harm, our study showed that quality of 

reporting complications in RCTs involving glaucoma surgery is poor, as we observed 

that 10 out of 15 CONSORT criteria were reported in less than 50% of publications.  

This is consistent with poor quality of harm reporting among clinical trials in other health 

areas such as oncology, rheumatology and complementary medicine. 11, 56-58  The 

majority of glaucoma trials (78.7%) reported frequency of complications but did not try to 

quantify their severity.   It is likely that the lack of a validated, standardized instrument to 

report harm according to severity may have influenced this poor reporting to date.  

Inconsistency in defining severity among those studies that reported severe or major 

complications is another potential problem which makes comparisons of harm between 

different studies difficult (Table 2, Supplemental Material at AJO.com).  This is in 

contrast when compared to only 12% of RCTs involving rheumatoid arthritis which failed 

to report severity of complications, as typically RCTs on interventions for rheumatoid 

arthritis report severity according to the validated WHO scale and the Common 

Terminology Criteria for Adverse Events v3.0 (CTCAE).56   On a positive note our review 

showed that most glaucoma RCTs described well the timing of collection of harm data, 
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which constitute 93.6% of publications.56 This may be due to the stringent follow up 

protocol incorporated into glaucoma surgery trials. Our review also showed good 

reporting of denominators for adverse events (91.5%) and balanced discussion of 

harms data (93.8%). This echoed findings from another study by O’Day et al73  

reviewing  RCTs on intravitreal therapies for diabetic macula edema. A high proportion 

of their studies provided a balanced discussion of harms data (86%).  In their study, the 

two least commonly reported criteria were definition of adverse events (31%) and 

withdrawal due to adverse events (36%). In comparison, the least commonly reported 

criteria in our study were use of a validated instrument to report severity (0%), 

withdrawal due to adverse events (6.4%) and subgroup analyses of harm (6.4%). 

Quantifying the severity of complications after general surgery has been possible since 

the Clavier classification system in 1992 where complications were graded in five 

possible levels based on the level of intervention or therapy needed to address the 

complication .63 This effort was meant to increase transparency of reporting and provide 

an objective assessment method for assessing risks of different interventions. A further 

study validated an upgraded version of this classification system, with seven grades of 

severity, the Clavien-Dindo classification system.64  The acceptability and reproducibility 

of this classification system has also been confirmed through a survey of international 

experts within the field, and has been used for classifying complications related to liver 

transplantation. 65 

The Delphi approach utilized in our study is an established method of generating 

consensus from a group of experts regarding a highly specialized topic, 66 and it has 

been used widely in health care, e.g., in formulating policies and programs, identifying 

and measuring uncertainty, to explore issues in health services organizations, to 

develop criteria for appropriateness of clinical treatment, and to make long-term 

projections of need for patient care. 67   The reproducibility of the Delphi method among 

panels of experts in a particular area of interest has been confirmed in several studies. 
74-76   However, there is no absolute means for judging whether a decision is valid.   The 

Delphi method among experts has been used to define a core event set of 

complications associated with arthroscopic rotator cuff repair.68 A Delphi survey has 
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also been used to define outcome measures for glaucoma effectiveness trials,69 to 

ascertain specifications on screening intervention for open angle glaucoma 70 and to 

develop standards for glaucoma virtual clinics in the UK.71   In our study, we aimed to 

rank expected glaucoma surgery complications according to severity.  We achieved a 

high level of consensus in two rounds with a high response rate (80%), which is a 

strength of this study.   The sample size of our study is adequate as the survey targeted 

experts who have similar training and general understanding in the field of interest.66   

One limitation of this study that we only reviewed trials published in English.  Another 

limitation is that we did not attempt to validate this classification system with the 

patients’ perspective.  However, our classification on severity of complications created 

from the Delphi survey (Table 3) concurs with measures of severity from large, 

established RCTs. For example, the definition of severe complications adopted by the 

Ahmad Baerveldt Comparison (ABC) study and Tube versus Trabeculectomy (TVT) 

study was loss of least 2 lines of Snellen VA, which is equivalent to a severity score of 7 

or 8 on the classification scale depending on the number of lines lost. Examples of 

‘severe complications’ requiring return to theatre given by the TVT study included 

persistent corneal edema and hypotony maculopathy, both of which received a severity 

score of 8 on our scale. 

We acknowledge that there is a variety of ways in which surgical complications can be 

defined but our study showed that experts agreed in quantifying their severity.  For 

example, in a recent literature review on the reporting of hypotony after glaucoma 

surgery, the authors found that this parameter had been inconsistently defined across 

128 studies. 71 They have also concluded that hypotony should be further coded 

according to clinical significance.  In our study, we have described hypotony as either 

‘early post-operative with no other symptoms’, ‘persistent low IOP with no other 

symptoms’, ‘low IOP and shallow anterior chamber with peripheral iris-corneal touch’ or 

‘hypotony with maculopathy’ to reflect the varying grades of severity.   It is also possible 

that similar adverse events from different surgical procedures may not always have the 

same severity.  For example, a shallow anterior chamber after a glaucoma drainage 

device that leads to tube-corneal touch may be perceived as a more severe 

complication than a similarly shallow anterior chamber after trabeculectomy.    
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In conclusion, there is a need to improve the reporting of harm arising from glaucoma 

surgical RCTs.  Rather than reporting only the frequency of complications we propose 

the use of a classification system of severity based on expert consensus to better 

compare the risks and benefits of different surgical interventions for glaucoma.   We 

also recommend further efforts to validate this novel classification system including the 

involvement of patients’ perspectives.   
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Legends 

Figure 1.  PRISMA flowchart showing number of glaucoma surgical trials identified and 

selected  

Figure 2.   General complications of glaucoma surgery graded according to severity 

(from 1 to 10) by glaucoma experts: median and interquartile range (IQR)  

Figure 3.  Complications specific to glaucoma aqueous shunts graded according to 

severity (from 1 to 10) by glaucoma experts: median and interquartile range (IQR)  

Figure 4. Complications specific to trabeculectomy graded according to severity (from 1 

to 10) by glaucoma experts: median and interquartile range (IQR)  

 

 
 
 
 
 
 
 

 
 
 
 


