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Abstract 8 

Topic: Corneal endothelial cell density (ECD) loss following glaucoma surgery with or without cataract 9 

surgery. 10 

Clinical relevance: Corneal ECD loss may occur due to intraoperative surgical trauma in glaucoma surgery or 11 

postoperatively with chronic endothelial cell trauma or irritation.  12 

Methods: Trabeculectomy, glaucoma filtration surgery or microinvasive glaucoma surgery in participants 13 

with ocular hypertension, primary and secondary open angle glaucoma, normal tension glaucoma and angle-14 

closure glaucoma were included. Pediatric populations and participants with pre-existing corneal disease 15 

were excluded. Laser treatments and peripheral iridotomy were excluded. Electronic databases searched in 16 

December 2021 included MEDLINE, EMBASE, Cochrane Central Register of Controlled Trials (CENTRAL), 17 

ClinicalTrials.gov and The International Prospective Register of Systematic Reviews (PROSPERO), FDA PMA 18 

and FDA 510(k). 19 

Results: 39 studies were included in quantitative synthesis. 12 months following suprachoroidal MIGS mean 20 

ECD loss was 282 cells/mm2 (95% Confidence Interval (CI) 220 to 345; p <0.00001; Chi2 = 0.06; I2 = 0%; 2 21 
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studies; very low certainty). Mean ECD loss after Schlemm’s canal implantable devices was 338 cells/mm2 22 

(95% CI 185 to 491; p<0.0001; Chi2 = 0.08; I2 = 0%; 2 studies; low certainty) at 12 months. When compared 23 

to phacoemulsification alone, Schlemm’s canal implants combined with phacoemulsification showed 24 

statistically significant mean ECD reduction at 24 months; mean difference of ECD was -19% (95% CI -37% to 25 

-2%; p=0.03; Chi2 = 3.04; I2 = 34%; 3 studies; low certainty). Mean ECD loss was 64 cells/mm2 (95% CI 21 to 26 

107; p=0.004; Chi2 = 4.55; I2 = 0%; 6 studies; low certainty) following Schlemm’s canal procedures (without 27 

implantable devices) at 12 months.    28 

At 12 months the mean ECD loss after trabeculectomy was 33 cells/mm2 (95% CI -38 to 105, p=0.36, Chi2 = 29 

1.17; I2 = 0%; moderate certainty). At 12 months mean ECD loss was 121 cells/mm2 (95% CI 53 to 189; 30 

p=0.0005; Chi2 = 3.00; I2 = 0%; 5 studies; low certainty) after Express implantation. 31 

When compared to control fellow eye, aqueous shunt surgery reduced ECD by 5.75% (95% CI -0.93 to 12.43; 32 

p=0.09 Chi2 = 1.32; I2 = 0%; low certainty) and 8.11% ECD loss (95%CI 0.06 to 16.16 p=0.05; Chi2= 1.93; I2=48%) 33 

at 12 and 24 months, respectively. 34 

Conclusions: Overall there is low certainty evidence to suggest that glaucoma surgery involving long-term 35 

implants has a greater extent of ECD loss than glaucoma filtration surgeries without the use of implants.  The 36 

results of this review support long-term follow-up (beyond 36 months) to assess ECD loss and corneal 37 

decompensation following implantation of glaucoma drainage implants.  38 

Systematic review registration number: PROSPERO CRD42020192303 39 

Keywords: glaucoma surgery, cataract surgery, endothelial cell density, minimally invasive glaucoma surgery, 40 

trabeculectomy 41 

Abstract word count: 386 words 42 

Total manuscript word count: 5701 words 43 
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 44 

Introduction 45 

Glaucoma surgery is effective in reducing intraocular pressure (IOP) and preventing the progression of optic 46 

nerve damage and visual field loss. Trabeculectomy surgery, is considered the gold standard and is frequently 47 

performed for medically uncontrolled glaucoma. Aqueous shunt implants have conventionally been used in 48 

cases of uncontrolled glaucoma following unsuccessful trabeculectomy. Corneal endothelial cell density loss 49 

is a known complication of this type of surgery.  50 

The corneal endothelium is a monolayer of hexagonal cells lining the posterior corneal surface that regulates 51 

stromal hydration. This squamous cell layer does not regenerate and if damaged, the cornea becomes 52 

edematous and thus loses its clarity. This compromises functional vision and negatively impacts patients’ 53 

quality of life. Physiologically endothelial cell density (ECD) reduces with age at a rate 0.5% per year.1 54 

Glaucoma is a known risk factor of reduced endothelial cell density, although the underlying mechanisms are 55 

not well elucidated.2 High levels of intraocular pressure (IOP) as well as long duration of elevated IOP are 56 

associated with more ECD loss.2-4 Glaucoma has also been associated with poor cornea graft survival.5,6 57 

 58 

Corneal edema after aqueous shunt surgery due to corneal decompensation has been reported.7 Large 59 

randomized controlled trials on aqueous shunt surgery: The Ahmed vs Baerveldt Study and Ahmed Baerveldt 60 

Comparison Study had an average incidence rate of 12% persistent corneal oedema 5 years post-operation, 61 

but did not measure or report ECD loss.8,9 The safety of glaucoma filtration surgery has progressed with the 62 

advancement from full-thickness procedures to ab interno surgery and more recently, microinvasive 63 

glaucoma surgery (MIGS). MIGS is frequently combined with cataract surgery, which in itself is known to 64 

cause ECD loss.10,11 Implantable devices used in glaucoma surgery are manufactured from different materials 65 

with varying biocompatibility profiles. The proximity of the implants to the endothelial cells, tube stability 66 

and micromovements can impact ECD.12,13 Recently, there has been a growing use of new ophthalmic 67 
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implants for the treatment of glaucoma. ECD loss is one of many important surrogate markers for device 68 

safety and surgical failure. It is used as a requirement for some Food and Drug Administration (FDA) approved 69 

investigational device exemption (IDE) trials and an endpoint for post-market approval surveillance studies. 70 

The FDA regards >30% loss of ECD loss as significant.14 In August 2018, the MIGS device Cypass Micro-Stent 71 

(Alcon, USA) was voluntarily withdrawn from the market due to safety concerns when it was reported that  72 

27.2% of patients had ECD loss of >30% at 5 years.13,15 Previously, the device was not considered to have 73 

continuing ECD loss in a 2-year study, suggesting that significant ECD loss needs longer follow-up periods in 74 

order to be detected.16 This is also important, as the implanted device is usually in-situ for the life-time of the 75 

patient and so its long-term effects need to be understood. The World Glaucoma Association guidelines list 76 

ECD as a safety outcome measure in glaucoma surgery trials.17  77 

Cataract surgery has evolved in the last decade with new micro-incisional techniques with improved safety 78 

outcomes.18 This pertains to glaucoma patients requiring phacoemulsification surgery as well.19 Patients with 79 

glaucoma often have co-existing cataracts and will eventually require extraction.20 MIGS are frequently 80 

combined with phacoemulsification surgery and for many, this is in accordance with the device market 81 

authorization. This is reflected in trials where the intervention is in combination with phacoemulsification 82 

and compared to phacoemulsification alone.13,16 Combination surgery carries a distinctive risk-benefit 83 

evaluation compared to glaucoma surgery alone. Theoretically, further costs and risks of adding a short 84 

procedure to an existing operation may be less than those acquired by a separate hospital admission and 85 

anesthetic. These combination surgeries may consequently promote a lower threshold for the use of MIGS 86 

in clinical practice. Based on the IRIS Registry, there has been a trend of increasing use of MIGS in combination 87 

with cataract surgery.21,22 However, combination surgery can negatively affect surgical outcome in 88 

complicated cases. Since cataract surgery also causes ECD loss, it is an important confounder in many 89 

glaucoma surgical trials. This review focuses on ECD loss from trabeculectomy, glaucoma drainage device 90 

surgery and MIGS devices used alone or in combination with phacoemulsification surgery.   91 
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Methods 92 

The proposed systematic review was conducted in accordance with the Joanna Briggs Institute methodology 93 

for systematic reviews of effectiveness evidence.23 The title and protocol of the review was prospectively 94 

registered on PROSPERO database (registration number: CRD42020192303) and protocol published prior to 95 

data extraction.24 96 

Search strategy 97 

We conducted a systematic electronic database search for randomized controlled trials, prospective non-98 

randomized studies, observational studies in MEDLINE, EMBASE, Cochrane Central Register of Controlled 99 

Trials (CENTRAL), ClinicalTrials.gov, The International Prospective Register of Systematic Reviews 100 

(PROSPERO), FDA PMA and FDA 510(k) databases. The full search strategy with the keywords and index terms 101 

was run on MEDLINE and EMBASE (see Supplementary material 1 available at http://aaojournal.org). The 102 

Cochrane Database of Systematic Reviews and the JBI Database of Systematic Reviews and Implementation 103 

Reports was conducted and no current or underway systematic reviews on the topic were identified. The 104 

reference list of all studies selected for critical appraisal was screened for additional studies. The database 105 

search was last conducted in December 2021. 106 

Study selection 107 

Following the database search, all identified citations were collated and uploaded into a reference 108 

management software (Endnote X9, Clarivate Analytics) and duplicates were removed. Two of the authors 109 

independently screened search results by title, abstract and keywords and then by full text, against the 110 

eligibility criteria, following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 111 

(PRISMA) guidelines.25 Discrepancies between authors as to whether or not studies meet inclusion criteria 112 

were resolved by discussion.  113 

Inclusion criteria 114 
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Types of studies  115 

The types of studies included were randomised controlled trials (RCT)s, non-randomized controlled studies 116 

(NRCS), before and after interventional studies (controlled and uncontrolled) and pivotal studies included in 117 

FDA clinical summaries. Only studies published in English language were included. Studies published from 118 

the year 2000 to December 2021 were included to maintain relevance as surgical techniques have progressed 119 

and improved in the recent years. 120 

Types of participants 121 

This review considered studies that included participants with ocular hypertension (OHT), primary open angle 122 

glaucoma (POAG), secondary open angle glaucoma, normal tension glaucoma (NTG) and angle-closure 123 

glaucoma (ACG). There were no restrictions on geographic location, setting or demographic factors. 124 

Participants with pre-existing corneal disease such as Fuch’s endothelial dystrophy, iridocorneal endothelial 125 

syndrome and corneal graft transplant and the pediatric population were excluded. 126 

Types of interventions 127 

We included incisional glaucoma surgery such as trabeculectomy, glaucoma drainage surgery such as Ahmed 128 

glaucoma valve (New World Medical, Rancho Cucamonga, CA, USA), Molteno (Molteno Ophthalmic Limited, 129 

Dunedin, New Zealand), Baerveldt (Abbott Medical Optics, CA, USA), and EXPRESS shunt (Alcon, USA) 130 

implantation and MIGS (subconjunctival devices, Schlemm’s canal devices, suprachoroidal devices). 131 

Glaucoma interventions such as laser treatments and peripheral iridotomy were excluded. 132 

Comparators 133 

We compared interventions: glaucoma surgery alone or in combination with cataract surgery 134 

(phacoemulsification).  The comparator was no surgery or other type of glaucoma surgery (such as MIGS 135 

techniques or glaucoma filtration surgery) or phacoemulsification surgery.  136 

 137 

Outcomes 138 
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The primary outcome for this review was change in mean corneal endothelial cell density at 12 months from 139 

baseline. 12-month timepoint was chosen for the primary outcome as post-operative inflammation would 140 

have resolved and a difference in ECD loss may be more evident.  141 

Secondary outcomes included: 142 

• Change in mean corneal endothelial cell density at 2 years and 5 years, 143 

• Mean post-operative corneal endothelial cell density (cells/mm2),       144 

• Adverse events including but not limited to intra-operative complications, hyphema, corneal 145 

oedema, bullous keratopathy or requiring subsequent keratoplasty. 146 

Assessment of methodological quality 147 

Two review authors independently assessed the risk of bias using Cochrane ROB2 tool.26 Any disagreements 148 

that arose between the reviewers were resolved through discussion. Forest plots were generated to 149 

graphically depict the individual and pooled effect sizes. 150 

Influence sensitivity analysis (leave-one-out) was used to examine whether our overall findings were 151 

influenced by arbitrary decisions made during the review process and where the risk of bias was high in any 152 

one domain including high risk of industry bias. Each individual study was removed from the pooled data 153 

and remaining studies re-analysed to assess the stability of the results. Begg’s funnel plot was used to 154 

assess publication bias.  155 

Data extraction 156 

Data was extracted from included studies by two of the authors of this paper (see Supplementary Material 157 

2 available at http://aaojournal.org). Authors of studies were not contacted to request additional or 158 

missing data. Variables extracted included: 159 

• Study characteristics such as country of origin, year of publication and sample size 160 

• Trial design 161 
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• Participant characteristics such as ages, gender, ethnicities 162 

• Surgery type 163 

• ECD pre and post-surgery and at assessment time points.  164 

• Number of patients withdrawn from study 165 

• Mean and standard deviation for each outcome 166 

Data synthesis 167 

Where appropriate studies were pooled for meta-analysis. Effect sizes are expressed as either odds ratios 168 

(for dichotomous data) or weighted final post-intervention mean differences (for continuous data) with 169 

95% confidence intervals. Heterogeneity was assessed statistically using the standard chi squared and I2 170 

tests. Where there was inconsistency between individual study results such that the effects were in different 171 

directions or I² > 50% and P < 0.1 — we did not pool the data but instead described the pattern of the 172 

individual study results. Data was pool using random‐effects model in RevMan 5.4.27  If there were fewer 173 

than three trials in a comparison we used a fixed‐effect model. Subgroup analyses was conducted when 174 

there was sufficient number of studies. Sensitivity analyses was conducted to test decisions made regarding 175 

studies at high risk of bias for an outcome in one or more key domains; selection, performance, detection, 176 

attrition, reporting biases and industry bias. There were insufficient RCTs to perform network meta-analysis 177 

to rank type of surgery according to ECD loss. Where statistical pooling was not possible the findings are 178 

presented in narrative form including tables and figures to aid in data presentation. 179 

Assessing certainty in the findings   180 

The Grading of Recommendations, Assessment, Development and Evaluation (GRADE) approach for grading 181 

the certainty of evidence is described in Summary of Findings (SoF) created using GRADEpro software 182 

(McMaster University, ON, Canada). The quality of evidence for each outcome was graded by two authors 183 
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considering study limitations, indirectness, inconsistency, imprecision of effect estimates and risk of 184 

reporting bias. Each outcome was assigned one of four levels of quality of evidence: high, moderate, low 185 

and very low. Discrepancies were resolved through discussion. Estimates were derived from the meta-186 

analysis performed in accordance with methods of the GRADE (Grades of Recommendation, Assessment, 187 

Development and Evaluation) Working Group.28 188 

  189 
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 10 

Results  190 

Search results 191 

Figure 1 shows a flowchart summarizing the studies which were included and excluded in this review. Of the 192 

876 studies identified through database search, 130 full texts were reviewed after evaluating titles and 193 

abstracts. 66 studies met the predefined inclusion criteria. A total of 39 studies were included in quantitative 194 

analysis.  195 

 196 

Countries included Canada, China, Egypt, Finland, France, Greece, India, Iran, Italy, Japan, Korea, 197 

Netherlands, Panama, Poland, Spain, Switzerland, Turkey, United Kingdom and the United States of America 198 

(USA). 17 of the studies were from Japan, four from Korea and four from USA and one multinational study. 199 

The sample size of patients ranged from 10 to 560, the mean age ranged from 45 to 79 years and the 200 

percentage of females ranged from 20% to 71%. In terms of glaucoma types, eight studies included 201 

participants with advanced glaucoma13,29-37, one NTG38, one PACG39, one OHT40, the remaining 28 studies 202 

included POAG. Post-operative corneal complications ranged from transient to severe requiring secondary 203 

procedures. Characteristics of studies included in quantitative analysis are summarised in supplementary 204 

tables 1, 2 & 3 (available at http://www.aaojournal.org). 205 

 206 

Minimally invasive glaucoma surgery implants 207 

Suprachoroidal devices 208 

Suprachoroidal MIGS devices utilise the uveoscleral outflow pathway to reduce IOP, without creating an 209 

external filtering bleb. The CyPass, iStent Supra and MINIject (iSTAR Medical, Belgium) are implanted with an 210 

ab interno approach, whereas the gold microshunt is used with an ab externo approach.  For our primary 211 

outcome at 12 months there were two studies identified showing mean ECD loss of 282 cells/mm2 (95% 212 

confidence interval (CI) 220 to 345; p <0.00001; Chi2 = 0.06; I2 = 0%; 2 studies; very low certainty). At 12 213 

months ECD loss was not clinically significant. Data could not be pooled for studies reporting 24 months due 214 
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to heterogeneity I2 = 83%. ECD loss at different follow up periods for suprachoroidal MIGS are summarised 215 

in Figure 2.  216 

Two studies were RCTs which reported ECD loss after implantation of the CyPass Microstent (Alcon, USA). 217 

The COMPASS trial was an RCT of 505 participants with POAG comparing combined CyPass and 218 

phacoemulsification versus phacoemulsification alone. The two year trial concluded that although there were 219 

participants with >30% ECD loss at 3 months, this loss did not increase significantly further at 24months.29 220 

Controversially, the 3-year extension of the RCT showed that there was continuing mean ECD loss at 60 221 

months (501 cells/mm2 (95% CI 407 to 596).13 The mean ECD was lower in the intervention group than the 222 

control group at 60 months, although the authors stated that the trial was not sufficiently powered to identify 223 

a significant difference of ECD between the groups. In subgroup analysis, the continuing ECD loss was 224 

correlated to device position, and the number of retention rings exposed on gonioscopy. Although the ECD 225 

change was stated to be subclinical, there were three eyes with corneal oedema at 33, 55 and 60 months. 226 

The results of the 5-year COMPASS XT trial led to the voluntary withdrawal of the device from the global 227 

market.15  228 

 229 

Heterogeneity can be explained by varied study designs, surgical technique, study populations and device 230 

materials. In the prospective observational study of the gold microshunt (SOLX Inc, Waltham, MA, USA) in 24 231 

Japanese patients with OAG, there was 10.5% mean ECD decrease at 1 year. Local ECD loss can result from 232 

the anterior position of the device in the iridocorneal angle and the effect the type of device material41 has 233 

on the corneal endothelium. A newer device MINIject (iStar Medical, Belgium) had mean central ECD loss of 234 

115 cell/mm2  at 6 months (STAR-II) and 70 cells/mm2 at 24 months (STAR-I) in participants with OAG.42,43,44  235 

No patient had a ≥30% decrease in central ECD. Adverse events included corneal oedema in one patient 236 

where visual acuity was reduced. Overall, the ECD loss was seemed to be clinical insignificant but progressive 237 

loss beyond 2 years is yet to be determined. There was no ECD data available for the iStent Supra (Glaukos, 238 

USA) at the time of this review. 239 
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 240 

Schlemm’s canal devices 241 

Schlemm’s canal implantable devices (e.g. Hydrus microstent and iStent) had statistically significant, but 242 

clinically insignificant ECD loss up to 12 months in prospective studies (after the removal of a high risk of bias 243 

retrospective study45). The overall mean ECD loss with Schlemm’s canal implantable devices at 12 months 244 

was 338 cells/mm2 (95% CI 185 to 491; p<0.0001; Chi2 = 0.08; I2 = 0%; 2 studies; low certainty). Data could 245 

not be pooled for 24 months ECD loss due to high heterogeneity I2=96%. ECD loss at different follow-up 246 

periods for Schlemm’s canal implantable devices is summarised in Figure 3. At 36 months, one study reported 247 

ECD loss of 361 cells/mm2 (95% CI 296 to 426) following Hydrus implantation.46 248 

 249 

Schlemm’s canal procedures (without implantable devices) 250 

Schlemm’s canal procedures (without implantable devices) using the microhook, trabectome and kahook 251 

dual blade, showed ECD loss of 64 cells/mm2 (95% CI 21 to 107; p=0.004; Chi2 = 4.55; I2 = 0%; 4 studies; low 252 

certainty) at 12months. ECD loss at various follow up periods for Schlemm’s canal procedures (without 253 

implantable devices) was not clinically significant. Subgroup analysis showed no significant change between 254 

different follow up periods up to 36 months (p=0.92) (see Figure 4). In comparison to other MIGS implants, 255 

devices placed in Schlemm’s canal are generally smaller in size and further from the cornea, if well positioned. 256 

Schlemm’s canal MIGS bypass the trabecular meshwork aqueous resistance, with or without device 257 

implantation. In procedures such as microhook and trabectome most of the ECD loss would be at the time of 258 

surgery.  259 

 260 

It has been previously reported that phacoemulsification surgery alone can result in ECD loss of 2.4-17.8% 47-261 

55 between 3 to 24 months. This review identified three Schlemm’s canal implant studies that compared 262 

combined surgery with phacoemulsification alone. Schlemm’s canal implants (iStent or Hydrus microstent) 263 

combined with phacoemulsification compared to phacoemulsification alone, paired-wise analysis showed 264 

statistically significant ECD loss at 24 months; mean difference of ECD was -19% (95% CI -37% to -2%; p=0.03; 265 
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Chi2 = 3.04; I2 = 34%; 3 studies; low certainty) favouring phacoemulsification alone versus combined surgery 266 

(Figure 5). In one study 17.3% of eyes had ECD loss of greater than 30% in Hydrus group at 3 months which 267 

reduced to 14.2% at 36 months. 56   268 

  Subconjunctival devices 269 

Subconjunctival devices are implanted through the anterior chamber in the trabecular angle close to the 270 

cornea. This method contrasts in aqueous outflow pathway compared to the other MIGS devices but 271 

similarly, a foreign body is left in the eye. The Xen gel stent is a flexible biocompatible tube which is shown 272 

to be well-tolerated in the anterior chamber in preclinical studies57 and can be implanted ab interno or ab 273 

externo to drain into the subconjunctival space. The Xen studies included in this review were implanted using 274 

ab interno approach. There were insufficient number of studies to report 12-month ECD loss. At 6 months, 275 

ECD loss after Xen implantation (with or without phaco) was 199 cells/mm2 (95% 66 to 332; p=0.003; Chi2 = 276 

3.27; I2 = 39%; 2 studies) (Figure 6). Subgroup analysis was not possible due to paucity of studies. There was 277 

no ECD data available for another subconjunctival device PRESERFLO™ Microshunt (previously known as 278 

InnFocus MicroShunt) where studies are currently in progress. 279 

 280 

281 
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Glaucoma filtration surgery 282 

Trabeculectomy and augmented trabeculectomy  283 

There is moderate certainty evidence that no significant ECD loss occurs after trabeculectomy or 284 

trabeculectomy augmented with MMC for up to 36 months. At 12 months the mean ECD loss after 285 

trabeculectomy was 33 cells/mm2 (95% CI -38 to 105, p=0.36, Chi2 = 1.17; I2 = 0%; moderate certainty) (see 286 

Figure 7). The evidence suggests that trabeculectomy and augmented trabeculectomy do not reduce ECD up 287 

to 36 months. 288 

Express shunt 289 

The Express shunt procedure involves implantation of a shunt under a scleral flap, enabling aqueous to drain 290 

uniformly from the anterior chamber to the subconjunctival space. At 12 months mean ECD loss was 121 291 

cells/mm2 (95% CI 53 to 189; p=0.0005; Chi2 = 3.00; I2 = 0%; 5 studies; low certainty) though not clinically 292 

significant. Express shunt surgery, with and without combination phacoemulsification surgery showed 293 

persistent ECD loss beyond 36 months (see Supplementary Figure 8 available at http://aaojournal.org). 294 

Trabeculectomy versus non-penetrating deep sclerectomy  295 

Trabeculectomy alone reported more ECD loss compared to CO2 laser assisted and unassisted non-296 

penetrating deep sclerectomy -3.4% (95% 3.1 to 3.7; p=0.00001) (Supplementary Figure 9 available at 297 

http://aaojournal.org).58,59 Both these studies did not use MMC for the interventions. An RCT which 298 

investigated non-penetrating deep sclerectomy plus Esnoper implant and MMC to Express shunt with MMC, 299 

showed an ECD loss of 10.2% and 12.5% at 12 months respectively.60  300 

 301 

Aqueous shunt surgery 302 

There is low certainty evidence that there is no mean difference in ECD between eyes that underwent 303 

aqueous shunt surgery and control fellow eye at 12months (MD 5.75%; 95% CI -0.93 to 12.43; p=0.09 Chi2 = 304 
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1.32; I2 = 0%;) and 24 months (MD 8.11%; 95%CI 0.06 to 16.16 p=0.05; Chi2= 1.93; I2=48%). There was no 305 

difference between 12 and 24 months ECD estimates (p=0.64) (see supplementary Figure 10 available at 306 

http://aaojournal.org).  307 

Recently, a prospective cohort study by Hau et al of 64 eyes with Baerveldt glaucoma implant reported a 308 

clinically significant mean central and peripheral ECD loss at 5 years of 36.8% (95% CI, 32.3% to 41.3%) and 309 

50.1% (95% CI 45.3% to 54.9%), respectively .61 Central ECD loss was associated with Baerveldt tube 310 

placement near or anterior to Schwalbe’s line and short tube length. This study did not compare ECD loss 311 

after Baerveldt with control fellow eye, hence this study could not be pooled in the meta-analysis.  312 

ECD loss in aqueous shunt surgery was first reported by McDermott et al in 1993.62 Our search did not identify 313 

RCTs that directly compared ECD loss of different aqueous shunts but some studies did report corneal 314 

symptoms and signs such as corneal oedema and bullous keratopathy. A single centre case-control study 315 

identified patient risk factors  (Fuchs endothelial dystrophy and iridocorneal endothelial syndrome) and post-316 

operative risk factors (hypotony and tube-cornea touch) for corneal decompensation and keratoplasty in 317 

glaucoma patients previous treated with aqueous shunts.63 5% (79/1610) had corneal decompensation of 318 

which 58% (46/79) underwent keratoplasty.  In half (23/46) of eyes that underwent keratoplasty concurrent 319 

aqueous shunt revision surgery such as tube trimming or repositioning was performed.63 320 

The Tube Versus Trabeculectomy (TVT) study64 showed an increase in the occurrence of persistent corneal 321 

oedema, from zero cases with either aqueous shunts or trabeculectomy at 1 year, to 10% and 6% respectively 322 

at 3 years, and 16% and 9% respectively at 5 years. Overall, there were 6 patients in the aqueous shunt arm 323 

and 5 patients in the trabeculectomy arm who had persistent corneal oedema treated with penetrating 324 

keratoplasty. However, the study only reported corneal symptoms and signs, but did not report ECD.   325 

 The landmark studies, Ahmed versus Baerveldt Study and Ahmed Baerveldt Comparison Study had an 326 

average incidence rate of 12% persistent corneal oedema 5 years post operation.8,9 The test for subgroup 327 
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differences indicates that there is no statistically significant subgroup effect (p=0.64), suggesting that the 328 

follow-up time did not influence the effect of aqueous shunt surgery in comparison to the fellow eye. 329 

 330 

Comparing the Baerveldt glaucoma implant or Molteno glaucoma implant surgery versus the fellow eye, 331 

there was 7% ECD loss versus 2% at 12 months, though the difference was not significant.37 Subgroup analysis 332 

reported that participants with pseudoexfoliation glaucoma had more pronounced ECD loss, but this was 333 

also not significant. In a prospective study of Ahmed glaucoma valve versus other eye as control, there was 334 

18.6% ECD loss at 24 months, compared to 4.2% in the fellow eye.34 A Korean study comparing Ahmed 335 

glaucoma valve to fellow unoperated eye at 12 months had 10.5% versus 2.2% loss. Subgroup analysis 336 

showed that eyes with low preoperative ECD (<1700cells/mm2) had a significantly higher rate of ECD loss 337 

compared to that in the group with higher baseline ECD.35 This result implied that preoperative ECD may be 338 

a predictor of post-surgical reduction in ECD and a potential risk factor for endothelial decompensation. In a 339 

retrospective study comparing Ahmed glaucoma valve and Molteno implants, had each had significant ECD 340 

loss of 11.52% and 12.37% at 24 months.31 Overall, aqueous shunt surgery had a higher ECD loss compared 341 

to no surgery. This was anticipated as corneal oedema was reported in large trials.8,9 The following are studies 342 

that looked into the various techniques to minimise ECD loss in aqueous shunt surgery.  343 

Anterior chamber versus vitreous cavity 344 

The position of the tube, whether in the anterior chamber or the vitreous cavity has an effect on the ECD. 345 

Mean difference was 9.13% (95%CI 2.05 to 16.21; p=0.01; Chi2 = 0.19; I2 = 0%; 3 studies) at 12 months, 346 

favouring location of the tube in the vitreous cavity (see supplementary Figure 11 available at 347 

http://aaojournal.org). A retrospective study in Japan by Tojo et al showed that the post-operative ECD 348 

decreased faster if the tube was in the anterior chamber compared to that in the vitreous cavity at all time 349 

points till 60 months post operation.65 The study concluded that factors that significantly affected ECD were 350 

history of trabeculectomy, anterior chamber insertion and shorter distance between tube and cornea. 6 351 

(12.5%) patients in the anterior chamber group had corneal oedema due to bullous keratopathy. 1 (1.8%) 352 

patient had persistent corneal oedema in vitreous cavity group. A similar result of faster reduction in ECD in 353 
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the anterior chamber group compared to the vitreous cavity group was found at 12 months follow-up in a 354 

retrospective study by the same group, where Hayashi et al compared Baerveldt glaucoma implants in 355 

patients with all types of glaucoma with no previous history of trabeculectomy.66 Correspondingly, 3 (13%) 356 

patients had persistent corneal oedema and 4 required additional surgery to change the position of the tube 357 

in the anterior chamber group, whereas 1 (1.6%) patient had persistent corneal oedema in the vitreous cavity 358 

group. Iwasaki et al showed significant loss for anterior chamber insertion but not for pars plana insertion 359 

with the Baerveldt implant.32  360 

Sulcus implantation 361 

One study focused on sulcus implantation of the drainage device in relation to its effect on the cornea. Mori 362 

et al investigated sulcus implantation of Baerveldt glaucoma implant in participants with multiple previous 363 

surgeries. The median ECD loss at 12 months was 0.15% in 18 patients. However, the ECD loss was >20% or 364 

“unmeasurable” in 6 participants. Two participants subsequently developed corneal decompensation, 365 

though this could be due to pre-existing factors in the selected population, such as other comorbidities and 366 

multiple previous intraocular surgeries.33 367 

Risk of bias and publication bias 368 

There was a risk of bias in many studies in at least one or two domains, particularly attrition and observation 369 

bias. There was missing outcome data in over half of studies as not all participants attended longest follow-370 

up assessment, resulting in risk of attrition bias44,56,58,59,67-72 (see Figure 12 for ROB2, supplementary tables 4 371 

& 5 available at http://aaojournal.org). Asymmetry of funnel plot can be explained by intervention (implant 372 

versus no implant) and study population heterogeneity, therefore publication bias could not adequately be 373 

assessed (Figure 13). More than half of the studies included in the quantitative synthesis declared a conflict 374 

of interest (see supplementary table 6 available at http://aaojournal.org). Sensitivity analysis of high risk of 375 

industry bias studies did not change direction of estimate.13,29,41,43,44,56,68,73-76 Assessment of certainty is 376 

described in the GRADE summary of findings table (Table 7). 377 
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DISCUSSION  378 

Our study found that at 12 months follow-up endothelial cell density loss was not clinically significant after 379 

glaucoma surgery procedures. ECD loss was lower; in non-penetrating glaucoma surgery compared to 380 

penetrating filtration surgery and vitreous cavity placement of baerveldt implant compared to anterior 381 

chamber placement. Implants such as CyPass and Express showed increasing trend of ECD loss after 24-382 

month follow up. There were a limited number of MIGS implantable device studies reporting ECD loss beyond 383 

24 months. 384 

The overall mean ECD loss with Schlemm’s canal procedures (without implant) was lower than Schlemm’s 385 

canal implantable devices. ECD loss was not clinically significant after trabeculectomy or trabeculectomy 386 

augmented with MMC up to 36 months. Express shunt ECD loss also increased up to 60 months compared to 387 

baseline.. There was little difference between aqueous shunt surgery compared to fellow eye up to 24 388 

months whereas there was a significant difference favouring location of tube in the vitreous cavity compared 389 

to the anterior chamber. Clinically significant central ECD loss was observed 4 years following aqueous shunt 390 

implantation63.  391 

Overall, the ECD loss was <30% up to 24 months follow-up for most studies for glaucoma surgery included in 392 

this review, below the safety threshold predefined by the FDA.14 Implants had greater ECD loss compared to 393 

procedures not using long-term implants. This was true for MIGS, as well as conventional glaucoma surgery, 394 

and there was more ECD loss in penetrating filtration surgery at 12months, although not clinically significant. 395 

Most of the implantable MIGS devices have little to no decline in ECD for the first 2 years, but study follow-396 

up times were short and variable. ECD loss happens over a longer period of time and therefore, is not likely 397 

to be captured by the majority of studies. This is clearly demonstrated with the now withdrawn 398 

suprachoroidal implant, CyPass where ECD decline became more apparent after two years following the 399 

initial operation. 400 
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Studies on the position of the tube of aqueous shunt surgery in relation to the cornea might explain why 401 

implants or devices cause ECD loss. If the distance between the tube and cornea is shorter, there is more ECD 402 

loss. In a recent study, Hau et al showed that with the Baerveldt glaucoma implant, there was the greatest 403 

ECD loss with tubes placed closest to the cornea.61 The 5-year ECD loss was 36.8% (95% CI 32.3% to 41.3%) 404 

centrally and 50.1% peripherally (95% CI 45.3% to 54.9%). Tan et al reported that with the Baerveldt 405 

glaucoma implant, overall, the central ECD loss was 9.1% after 24 months and the peripheral ECD loss was 406 

13.1%.12 The central ECD showed a yearly reduction of 3.5% after transiridial placement versus 5.6% when 407 

the tube was positioned freely in the anterior chamber, though the difference was not statistically significant. 408 

In a study on the Ahmed glaucoma valve with anterior chamber insertion, Lee et al. showed that the 409 

supratemporal cornea, where the tube is implanted showed the most ECD reduction (by 22.6%), however 410 

the central cornea showed the least reduction (15.4%) at 24 months.34 Iwasaki et al and Koo et al reported 411 

subgroup analyses which showed that a shorter distance between tube and cornea was associated with more 412 

ECD loss in Baerveldt glaucoma implants and Ahmed glaucoma valves, respectively.32,77 Comparably with the 413 

suprachoroidal device CyPass, the ECD loss correlated to the position of the device, and the number of 414 

retention rings exposed on gonioscopy. However, it remains uncertain if this applies to all MIGS implants. 415 

Limitations  416 

Overall, there is a lack of high-quality trials in glaucoma surgery reporting ECD loss. Some papers did not have  417 

clear inclusion criteria. It was challenging to compare different studies as patient populations were 418 

heterogenous. Therefore, it is not possible to generalise the results to patients with all types of glaucoma. In 419 

addition, some studies did not clarify the exclusion of pre-existing corneal problems or adequately describe 420 

the lower limits of corneal disease. As for the population of the participants, there was a large number of 421 

studies completed in Asia, whereas the large RCTs included many Caucasian participants. This may affect the 422 

internal and external validity and the transferability to clinical practice.  423 
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The value of the mean ECD difference is indeterminate because it would need to be age-adjusted for the 424 

population. Many studies had an elderly population, whereas some of the studies with aqueous shunt surgery 425 

had a younger population. Masking in these trials is also difficult because the device or surgery can be obvious 426 

to the patient and the outcome assessor, leading them to observation and performance bias, as the 427 

assessment of the outcome could have been influenced by the awareness of the intervention received. It 428 

should also be noted that there are various techniques to measure ECD loss with specular microscopy, and 429 

this was not standardised in many studies potentially causing errors in calculating ECD. Only some trials had 430 

standardised methods of measurement78 and as one study mentioned, it was possible that the same area of 431 

cornea was not examined at each follow-up.79 This is seen when calculating %ECD loss values, there were 432 

negative percentages indicating ECD gain, suggesting inaccurate measurements or measurements at 433 

different locations of the cornea. In addition, if the cornea was only measured centrally, it would be likely 434 

that significant ECD loss will be noticed later on as some studies showed that ECD loss was more prominent 435 

in the area nearest to the surgical site.59,77,80,81 Few studies took repeated ECD measurements and calculated 436 

an average mean ECD. Most of the mentioned studies had a single examiner to capture all the readings to 437 

reduce observation bias. However, there was little note of the expected reproducibility range of their 438 

measuring techniques. The majority of the studies did not provide the proportion of eyes with 30% or more 439 

endothelial cell loss (i.e. reaching a significant threshold) between groups when comparing two interventions 440 

and with sufficient power. 441 

The primary outcome in most of the studies in this review was not ECD loss nor corneal adverse events. Many 442 

were investigating efficacy of the surgical intervention with ECD measurements as part of the safety 443 

assessment. Therefore, there may have been selective reporting of positive findings and adverse events may 444 

have been under-reported. The studies were likely to be underpowered for adverse events. Another 445 

limitation of this review is that many trials were sponsored by the companies that produced the devices and 446 

some authors had a financial advisory status declared as a conflict of interest. There remains gaps in the 447 
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evidence at long-term follow ups, due to paucity of studies precluded pooling of data. It is very possible that 448 

further studies will change the estimate of effects of ECD loss for each type of surgery. 449 

Studies which had more than one surgeon would have some variation in technique, causing a wider range of 450 

potential endothelial cell damage from corneal trauma in surgery. Modifications to the surgical technique 451 

stated could affect the outcome. The effects of different intraoperative fluids, trypan blue, viscoelastics and 452 

triamcinolone on the ECD have been explored.82,83 Additionally, the use of MMC potentially affects the ECD 453 

as mentioned above. Some surgeons use beta radiation combined with MMC in individuals who were likely 454 

to have excessive scarring and it is unknown if it has an additive effect. There were no comparative studies 455 

of glaucoma surgery comparing the effects of the use of MMC versus no MMC on ECD. Importantly, most 456 

studies did not report intraoperative adverse events such as anterior chamber collapse and hence it is 457 

unknown if any adverse events in the operation affected the ECD. Besides that, prolonged periods of high 458 

IOP postoperatively may affect ECD as well. This is an issue that should be addressed in future studies. 459 

Many confounding factors are involved such as medications, IOP, type of glaucoma, and pre-existing 460 

underlying corneal disease.2,7,84 Adding on to that, a possible reason of ECD loss is the modification of aqueous 461 

humour flow due to the glaucoma surgery itself. With an aqueous tube or device in place, changing the rate 462 

and direction of flow may mechanically affect the corneal endothelium. Foreign body irritation and 463 

inflammation from an implant or tube could cause ECD damage.85,86 Implantable devices used in glaucoma 464 

surgery are manufactured from different materials with varying biocompatibility profiles with diverse effects 465 

on corneal endothelium. Lastly, drastic changes in IOP whether in an acute attack, hypotony or shallowing of 466 

the anterior chamber post-operatively can affect the function of the endothelium. Comparing this review to 467 

other reviews in the literature, there was one literature review on the corneal complications of glaucoma 468 

surgery, published in 20097 and one literature review focusing on ECD loss in aqueous shunt surgery, 469 

published in 2016.87 Similar to this review, the authors concluded that the ECD loss was the highest in 470 

aqueous shunt surgery and that the causative mechanisms of ECD loss in glaucoma surgery require further 471 

research.2,7,84,87,88 ECD loss is hard to correlate to corneal decompensation, since few studies reported corneal 472 
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decompensation. In some studies, complications were reported, though it was unclear if they were patient 473 

numbers or episodes. 474 

CONCLUSION 475 

There is low certainty evidence to suggest that glaucoma surgery involving long-term implants have a greater 476 

extent of ECD loss than glaucoma filtration surgeries without the use of implants. The results of this review 477 

support long-term follow-up to as assess ECD loss and corneal decompensation. Implanted devices studies 478 

should measure ECD as part of safety surveillance. The start of ECD loss may vary between devices and may 479 

happen at different time points. Therefore, high quality randomized controlled trials with sufficient follow-480 

up duration and sample size are necessary, to estimate the proportion of patients with ECD loss of greater 481 

than 30% and corneal sequalae after glaucoma surgeries that involve placement of long-term implants.  482 
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Legends 502 

Figure 1. Flow chart of studies included in systematic review. Flowchart summarising included and excluded 503 

studies, based on PRISMA guidelines. 504 

Figure 2. Forest plot of suprachoroidal MIGS, showing the mean difference of ECD loss with suprachoroidal 505 

MIGS 3, 6, 12, 24, 36, 48 and 60 months post operatively compared to pre-operative ECD. The figure shows 506 

progressing ECD loss after CyPass implantation up to 60 months follow up reaching a mean ECD loss of 501 507 

cells/mm2 (95% CI 407 to 596).  508 

Figure 3. Forest plot of Schlemm’s canal MIGS implants, showing the mean difference of central ECD loss 509 

with Schlemm’s canal MIGS 6, 12, 24 and 36 months post operatively compared to pre-operative ECD. 510 

Figure 4. Forest plot of Schlemm’s canal MIGS without the use of implants (e.g. microhook, trabectome and 511 

Kahook), showing the mean difference of central ECD loss with Schlemm’s canal MIGS 3, 6, 12, 24 and 36 512 

months post operatively compared to pre-operative ECD. 513 
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Figure 5. Forest plot of comparing ECD loss following Schlemm’s canal MIGS (Hydrus or iStent) in combination 514 

with phacoemulsification and phacoemulsification (phaco) alone at 24  and 36 months.   515 

Figure 6. Forest plot of Xen gel stent, showing the mean difference of ECD loss 3, 6, 12, and 24 months post 516 

operatively compared to pre-operative ECD.  517 

Figure 7. Forest plot of trabeculectomy RCTs, showing the mean difference of ECD loss 3, 6, 12, 24 and 36 518 

months post operatively compared to pre-operative ECD. (only highest quality RCTs included). 519 

Figure 8. Funnel plot comparing MIGS without implant, MIGS with implant, aqueous shunt, trabeculectomy 520 

and Express 521 

Table 7. GRADE Summary of findings table 522 
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Supplementary Material 1: Search strategy 
 
EMBASE  
Search conducted in December 2021 
 
<1980 to 2021 Week 50> 
 

1 exp glaucoma/ 85083 

2 glaucoma*.mp. 93944 

3 1 or 2 98025 

4 exp eye surgery/ or exp surgery/ 5071859 

5 (Surg* or procedure* or operat* or incision* or invasive* or penetrat* or Drainage 
implant surg* or Electrocautery or Cyclophotocoagulation*).mp. 

7172753 

6 4 or 5 8585287 

7 endothelial* cell*.ab. or endothelial* cell*.ti. 231221 

8 3 and 6 and 7 1025 

9 exp cataract/ 59598 

10 exp phacoemulsification/ 16281 

11 (cataract* or pha?oemulsif*).mp. [mp=title, abstract, heading word, drug trade name, 
original title, device manufacturer, drug manufacturer, device trade name, keyword, 
floating subheading word, candidate term word] 

99101 

12 9 or 10 or 11 100266 

13 exp eye surgery/ or exp surgery/ 5071859 

14 (Surg* or procedure* or operat* or incision*).mp. 6703631 

15 13 or 14 8163387 

16 (micro or small or minimally or minimal).mp. 2725587 

17 (microincision* or micro-incision* or incision*).ti. 20264 

18 16 or 17 2739878 

19 7 and 12 and 15 and 18 342 

20 8 or 19 1307 

21 limit 20 to (human and english language and yr="2000 -Current") 872 
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MEDLINE 
Search conducted in December 2021 
 
 
<1980 to 2021 Week 50> 
 
 

1 exp Glaucoma, Angle-Closure/ or exp Low Tension Glaucoma/ or exp Glaucoma/ or exp 
Glaucoma, Open-Angle/ or exp Glaucoma, Neovascular/ or exp Glaucoma Drainage 
Implants/ 

85865 

2 glaucoma*.mp. 93944 

3 1 or 2 98086 

4 exp General Surgery/ 17719 

5 (Surg* or procedure* or operat* or incision* or invasive* or penetrat* or Drainage implant 
surg* or Electrocautery or Cyclophotocoagulation*).mp. 

7172753 

6 4 or 5 7172753 

7 exp Endothelial Cells/ 196367 

8 endothelial* cell*.ab. or endothelial* cell*.ti. 231221 

9 7 or 8 270035 

10 3 and 6 and 9 1052 

11 exp Cataract/ 59598 

12 exp Phacoemulsification/ 16281 

13 (cataract* or pha?oemulsif*).mp. 99101 

14 11 or 12 or 13 100266 

15 exp General Surgery/ 17719 

16 (Surg* or procedure* or operat* or incision*).mp. 6703631 

17 15 or 16 6703631 

18 (micro or small or minimally or minimal).mp. 2725587 

19 (incision* or (microincision* or micro-incision*)).ti. 20264 

20 18 or 19 2739878 

21 9 and 14 and 17 and 20 363 

22 10 or 21 1350 

23 limit 22 to (english language and humans and yr="2000 -Current") 952 
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Supplementary Material 2: Draft data extraction form 

 

Reviewer name:  

Citation details: 

Authors: 

Title: 

Journal: 

Year: 

 

Study details: 

Study design: 

Sample size: 

Country:  

 

Participant characteristics:  

Age: 

Sex: 

Inclusion criteria 

Exclusion criteria 

 

Surgery type: 

Intervention: 

Comparator(s): 

 

Outcome: (at all time assessment points) 

Mean ECD pre-operation: 

Mean ECD post-operation: 

Percentage ECD loss: 

Corneal complications/adverse events: 
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Ophthalmology®, Ophthalmology Retina™,  
Ophthalmology Glaucoma™, and Ophthalmology Science™ 

Author Contributorship Statement 
 
The journal adheres to the Uniform Requirements set by the International Committee of Medical Journal 
Editors (http://www.icmje.org/) for authorship. To qualify for authorship, authors must make substantial 
contributions to the intellectual content of the paper in each of the four following categories: 

 
1. Substantial contributions to conception and design of the work; or the acquisition, analysis, or 
interpretation of data for the work; AND  
2. Drafting the work or revising it critically for important intellectual content; AND  
3. Final approval of the version to be published; AND  
4. Agreement to be accountable for all aspects of the work in ensuring that questions related to 
the accuracy or integrity of any part of the work are appropriately investigated and resolved. 

 
It is the responsibility of the corresponding author, prior to submitting the manuscript, to confirm that each 
coauthor meets the requirements for authorship. Please list all authors of the manuscript on the 
Contributorship Statement form below. The form need not be uploaded at the time of original manuscript 
submission but rather if/when the Editorial Board invites revision.  
 
By submitting this form, the corresponding author acknowledges that each author has read the statement 
on authorship responsibility and contribution to authorship. In the table below, please designate the 
contributions of each author. Any relevant contribution not described in the four columns can be added 
under “Other contributions.” Please note that the list of contributions will publish with the manuscript 
should it be accepted. Thank you. 
 

TITLE OF ARTICLE: Corneal endothelial cell density loss following glaucoma surgery alone or in combination with cataract 

surgery: A systematic review and meta-analysis 

 

AUTHORS: Clarissa EH Fang, Rashmi G Mathew, Peng T Khaw, Christin Henein 

 

AUTHOR NAME RESEARCH DESIGN 

 

DATA ACQUISITION 
AND/OR RESEARCH 

EXECUTION 

DATA ANALYSIS 
AND/OR 

INTERPRETATION 

 

MANUSCRIPT 
PREPARATION 

 

Clarissa EH Fang ☒ ☒ ☒ ☒ 

Rashmi G Mathew ☐ ☐ ☒ ☒ 

Peng T Khaw ☐ ☐ ☒ ☒ 

Christin Henein ☒ ☒ ☒ ☒ 
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Precis 
 
This meta-analysis compares endothelial cell loss following glaucoma surgeries, alone or in 
combination with cataract surgery. It draws from 39 interventional studies and finds with 
low certainty that glaucoma surgery involving long-term implants have a greater extent of 
ECD loss than glaucoma filtration surgeries without the use of implants. 
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1 12/13/2021 ICMJE Disclosure Form 

ICMJE DISCLOSURE FORM 

Date: 2/4/2022 

Your Name: Professor Sir Peng Tee Khaw 

Manuscript Title: Corneal endothelial cell density loss following glaucoma surgery alone or in combination 
with cataract surgery: A systematic review 

Manuscript Number (if known): Click or tap here to enter text. 

In the interest of transparency, we ask you to disclose all relationships/activities/interests listed below that are related to the 
content of your manuscript.  “Related” means any relation with for-profit or not-for-profit third parties whose interests may be 
affected by the content of the manuscript.  Disclosure represents a commitment to transparency and does not necessarily 
indicate a bias.  If you are in doubt about whether to list a relationship/activity/interest, it is preferable that you do so. 
 
The author’s relationships/activities/interests should be defined broadly.  For example, if your manuscript pertains to the 
epidemiology of hypertension, you should declare all relationships with manufacturers of antihypertensive medication, even if 
that medication is not mentioned in the manuscript. 
 
In item #1 below, report all support for the work reported in this manuscript without time limit.  For all other items, the time 
frame for disclosure is the past 36 months. 

 

 Name all entities with whom you have this 
relationship or indicate none (add rows as needed) 

Specifications/Comments (e.g., if payments were 
made to you or to your institution) 

Time frame: Since the initial planning of the work 

1 All support for the 
present 
manuscript (e.g., 
funding, provision 
of study materials, 
medical writing, 
article processing 
charges, etc.)  
No time limit for 
this item. 

☐ None 

 

National Institute for Health Research A novel biocompatible implant for glaucoma 
surgery: BioChannel (2014-2019) 

National Institute for Health Research NIHR Moorfields BRC (2017-2022) 

The Helen Hamlyn Trust Bioengineering for ocular regeneration (2021-
2024) 

 

Time frame: past 36 months 

2 Grants or 
contracts from 
any entity (if not 
indicated in item 
#1 above). 

☐ None 

 

Wellcome Trust Innovator Award (2022-23) 

UCL Technology Fund Muller cell therapy for glaucomatous 
neurodegeneration (2021-23) 

Moorfields Eye Charity The 10-10-10 challenge for glaucoma (2020-
2023) 

The Jules Thorn Charitable Trust The Jules Thorn Research Facility (2020-2025) 

Fight for Sight Ocular repair and regeneration (2018-2021) 

Moorfields Eye Charity Bespoke adaptive optics scanning laser 
ophthalmoscope for evaluation of retinal 
structure and function in disease (2018-2020) 

National Institute for Health Research NIHR Moorfields Clinical Research Facility (2017-
2022) 

Apollo Therapeutics Fund Muller cell therapy for retinal degeneration 
(2017-2020) 
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2 12/13/2021 ICMJE Disclosure Form 

 Name all entities with whom you have this 
relationship or indicate none (add rows as needed) 

Specifications/Comments (e.g., if payments were 
made to you or to your institution) 

Medical Research Council Validating the application of iPSC-derived Muller 
glia in glaucoma therapy (2016-2019) 

 

3 Royalties or 
licenses 

☒ None 

 

  

  
  

 

4 Consulting fees ☐ None 

 

Aerie Pharmaceuticals Consultancy - personal 

Novartis  Consultancy - personal 

Thea Consultancy – personal 
Glaukos Consultancy - personal 

Santen Consultancy - personal 

Genentech Consultancy - personal 

CMER Hospital Group, Hong Kong Consultancy - personal 

Alcon Consultancy - personal 

ISA RNA Therapeutics GmBH Consultancy - personal 
 

5 Payment or 
honoraria for 
lectures, 
presentations, 
speakers 
bureaus, 
manuscript 
writing or 
educational 
events 

☐ None 

 

Aerie Pharmaceuticals Speaker - personal 

  

  
 

6 Payment for 
expert testimony 

☒ None 

 

  

  

  
 

7 Support for 
attending 
meetings and/or 
travel 
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Specifications/Comments (e.g., if payments were 
made to you or to your institution) 

8 Patents planned, 
issued or 
pending 

☐ None 

 
Moorfields UCL MIO Muller stem cells (UCL Tech 
Fund) 

 

BioChannel glaucoma device Still in development – no commercial company 
involved 

PK Eye Model - pharmacokinetics (Optceutics Ltd)  
 

9 Participation on 
a Data Safety 
Monitoring 
Board or 
Advisory Board 

☐ None 

 

Novartis Scientific Advisory Board 

DrugTech Scientific Advisory Board 

Santen Scientific Advisory Board 

CRICK Institute Translational Advisory Group Translational Advisory Group 
Decisions on health Care to Introduce or Diffuse 
innovations using Evidence (DECIDE) 

Project Advisory Group 

 

10 Leadership or 
fiduciary role in 
other board, 
society, 
committee or 
advocacy group, 
paid or unpaid 
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Ophthalmology Foundation Board Board Member 
Oxford Ophthalmological Congress Council Master 

UK Peadiatric Glaucoma Society (UKPGS) President 

UCL Partners Academic Health Science Centre Executive Board Member 

Clinical Research Coalition Group Member 

Fight for Sight Ambassador 
Moorfields Eye Charity Grant Panel (ad hoc) 

ICO-Allergan Research Fellowship Program Grant Panel 

Ruskell Medal Reviewer Committee, Worshipful 
Company of Spectacle 

Grant Panel 
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Committee Member 
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Board Member 
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Specifications/Comments (e.g., if payments were 
made to you or to your institution) 

11 Stock or stock 
options 

☐ None 

 
Radiance Therapeutics – beta radiation  None 

Optceutics Ltd – pharmacokinetics  None 

Belkin Laser Stock options 

CMER Group Stock options 
 

12 Receipt of 
equipment, 
materials, drugs, 
medical writing, 
gifts or other 
services 
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13 Other financial or 
non-financial 
interests 
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Optceutics Ltd Founder 

Radiance Therapeutics Founder 

Lumemed Ltd Co-Founder 
Moorfields Private Private Practice 
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