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Abstract: Purpose

Review hypotony failure criteria used in glaucoma surgical outcome studies and
evaluate their impact on success rates.

Design

Systematic literature review and application of hypotony failure criteria to two
retrospective cohorts.

Participants

934 eyes and 1,765 eyes undergoing trabeculectomy and deep sclerectomy (DS) with
a median follow-up of 41.4 and 45.4 months, respectively.

Methods

Literature-based hypotony failure criteria were applied to patient cohorts. IOP-related
success was defined as: (A) IOP≤21 mmHg with ≥20% IOP reduction; (B) IOP≤18
mmHg with ≥20% reduction; (C) IOP≤15 mmHg with ≥25% reduction; (D) IOP≤12
mmHg with ≥30% reduction. Failure was defined as: IOP exceeding these criteria in
two consecutive visits >3 months after surgery, loss of light perception, additional IOP-
lowering surgery, or hypotony. Cox regression estimated failure risk for different
hypotony criteria, using no hypotony as a reference. Analyses were conducted for each
criterion and hypotony type (i.e., numerical [IOP threshold], clinical [clinical
manifestations], mixed [combination of numerical and/or clinical criteria]).
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Main Outcome Measures

Hazard ratio (HR) for failure risk.

Results

Of 2,503 studies found, 278 were eligible, with 99 (35.6%) studies lacking hypotony
failure criteria. Numerical hypotony was predominant (157 studies [56.5%]). Few
studies employed clinical hypotony (3 isolated [1.1%]; 19 combined with low IOP
[6.8%]). Forty-nine different criteria were found, with IOP<6 mmHg, IOP<6 mmHg on
≥2 consecutive visits after 3 months, and IOP<5 mmHg being the most common (41
[14.7%], 38 [13.7%], and 13 [4.7%] studies, respectively). In both cohorts, numerical
hypotony posed the highest risk of failure (HR between 1.51-1.21 for criteria A to D;
p<0.001), followed by mixed hypotony (HR between 1.41-1.20 for criteria A to D;
p<0.001), and clinical hypotony (HR between 1.12-1.04; p=0.07 for DS criteria D,
p≤0.017 for other criteria). Failure risk varied greatly with various hypotony definitions,
with HR ranging between 1.02-10.79 for trabeculectomy and 1.00-8.36 for DS.

Discussion

Hypotony failure criteria are highly heterogenous in the glaucoma literature, with few
studies focusing on clinical manifestations. Numerical hypotony yields higher failure
rates than clinical hypotony and can underestimate glaucoma surgery success rates.
Standardizing failure criteria with an emphasis on clinically relevant hypotony
manifestations is needed.
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ABSTRACT 

Purpose: Review hypotony failure criteria used in glaucoma surgical outcome studies and 

evaluate their impact on success rates.  

Design: Systematic literature review and application of hypotony failure criteria to two 

retrospective cohorts. 

Participants: 934 eyes and 1,765 eyes undergoing trabeculectomy and deep sclerectomy (DS) 

with a median follow-up of 41.4 and 45.4 months, respectively.  

Methods: Literature-based hypotony failure criteria were applied to patient cohorts. IOP-related 

success was defined as: (A) IOP≤21 mmHg with ≥20% IOP reduction; (B) IOP≤18 mmHg with 

≥20% reduction; (C) IOP≤15 mmHg with ≥25% reduction; (D) IOP≤12 mmHg with ≥30% reduction. 

Failure was defined as: IOP exceeding these criteria in two consecutive visits >3 months after 

surgery, loss of light perception, additional IOP-lowering surgery, or hypotony. Cox regression 

estimated failure risk for different hypotony criteria, using no hypotony as a reference. Analyses 

were conducted for each criterion and hypotony type (i.e., numerical [IOP threshold], clinical 

[clinical manifestations], mixed [combination of numerical and/or clinical criteria]). 

Main Outcome Measures: Hazard ratio (HR) for failure risk. 

Results: Of 2,503 studies found, 278 were eligible, with 99 (35.6%) studies lacking hypotony 

failure criteria. Numerical hypotony was predominant (157 studies [56.5%]). Few studies employed 

clinical hypotony (3 isolated [1.1%]; 19 combined with low IOP [6.8%]). Forty-nine different criteria 

were found, with IOP<6 mmHg, IOP<6 mmHg on ≥2 consecutive visits after 3 months, and IOP<5 

mmHg being the most common (41 [14.7%], 38 [13.7%], and 13 [4.7%] studies, respectively). In 

both cohorts, numerical hypotony posed the highest risk of failure (HR between 1.51-1.21 for 

criteria A to D; p<0.001), followed by mixed hypotony (HR between 1.41-1.20 for criteria A to D; 

p<0.001), and clinical hypotony (HR between 1.12-1.04; p=0.07 for DS criteria D, p≤0.017 for other 

criteria). Failure risk varied greatly with various hypotony definitions, with HR ranging between 

1.02-10.79 for trabeculectomy and 1.00-8.36 for DS. 

Discussion: Hypotony failure criteria are highly heterogenous in the glaucoma literature, with few 

studies focusing on clinical manifestations. Numerical hypotony yields higher failure rates than 
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clinical hypotony and can underestimate glaucoma surgery success rates. Standardizing failure 

criteria with an emphasis on clinically relevant hypotony manifestations is needed. 

 

Keywords: antimetabolites; choroidal effusion; glaucoma surgery; hypotony maculopathy; 

intraocular pressure; nonpenetrating glaucoma surgery; post-operative complications; randomized 

controlled study; retrospective study; trabeculectomy. 
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INTRODUCTION 1 

 Intraocular pressure (IOP) reduction is currently the only proven treatment to slow the 2 

progression of glaucoma, and it is achieved through medical, laser, and surgical treatments.1 3 

Glaucoma surgery has been traditionally reserved for eyes with uncontrolled disease despite 4 

medical and laser therapies. Previous studies have shown that glaucoma surgery effectively 5 

lowers IOP and reduces glaucomatous progression rates.2, 3 Glaucoma surgery can provide 6 

a robust and sustained reduction in IOP, prevent further glaucoma deterioration, and 7 

preserve vision-related quality of life. 8 

Postoperative hypotony can occur as a result of glaucoma surgery. The definition of 9 

hypotony varies in the literature and is usually categorized as numerical or clinical. 10 

Numerical hypotony is defined as an IOP below a certain threshold that is considered non-11 

physiological and carries a risk of severe complications.4 Clinical hypotony focuses more on 12 

the presence of complications caused by low IOP, regardless of the IOP reading. Some of 13 

these complications (e.g., hypotony maculopathy, choroidal hemorrhage) may be particularly 14 

serious and lead to irreversible loss of vision.5, 6 15 

To standardize glaucoma surgery studies, the World Glaucoma Association (WGA) 16 

has issued guidelines for designing and reporting glaucoma surgical studies.7 These 17 

guidelines recommend persistent numerical hypotony (i.e., IOP <6 mmHg for two 18 

consecutive examinations) as one of the failure criteria. Following WGA guidelines, 19 

persistent hypotony was set as a criterion for failure in many studies, including landmark 20 

surgical studies.8-12 However, recent studies have questioned whether simple numerical 21 

hypotony truly reflects surgical outcomes.13, 14 Most eyes with low IOP do not develop 22 

complications,14, 15 and their outcomes are not significantly different from those without 23 

hypotony in terms of visual acuity, reoperation rates, and surgical failure.13, 14 Additionally, 24 

patients with predisposing factors may experience sight-threatening hypotony complications 25 

even in the absence of numerical hypotony.14, 15 Therefore, the widespread use of numerical 26 

hypotony as a failure criterion seems inappropriate, as it can misclassify successful 27 

operations as surgical failures and vice versa. Few studies16-19 have adopted alternative 28 
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definitions of hypotony failure based on the presence of hypotony complications alone or in 29 

combination with a low IOP cutoff. 30 

The lack of consistency in defining failure criteria due to hypotony increases the 31 

heterogeneity of the literature, making it difficult to compare results from different studies. 32 

Abbas and colleagues20 conducted a study evaluating how fourteen different hypotony 33 

failure definitions affected the proportion of patients labeled as having hypotony, and they 34 

found wide variations in hypotony prevalence depending on the criterion used. The impact of 35 

using different hypotony criteria for failure on success rates of glaucoma surgery is still 36 

unknown. The use of numerical criteria, such as the one proposed by the WGA guidelines, 37 

may disproportionately penalize techniques that can achieve a more substantial reduction in 38 

IOP (e.g., trabeculectomy) compared to less potent surgeries (e.g., plate-less bleb-forming 39 

devices, aqueous shunts).  40 

In this study, we systematically review hypotony definitions used in the literature and 41 

assess the impact of different hypotony failure criteria on glaucoma surgery success rates in 42 

two large cohorts of patients undergoing trabeculectomy and deep sclerectomy (DS) with 43 

long-term follow-up.   44 
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METHODS 45 

Publication Search and Assessment 46 

We conducted a systematic literature review (PROSPERO CRD42022378096) in 47 

PubMed using the following search terms: Ahmed valve, Baerveldt, deep sclerectomy, 48 

express shunt, glaucoma drainage device, glaucoma operation, glaucoma surgery, 49 

glaucoma tube, glaucoma valve, Innfocus, Preserflo Microshunt, Trabeculectomy, Xen gel 50 

stent, Xen implant, Xen Stent. We limited the results to clinical studies, clinical trials (all 51 

types), comparative studies, multicenter studies, and observational studies. We included 52 

articles published in English on human patients from January 1, 2010 to November 21, 2022. 53 

This time frame encompassed studies published within a year after the introduction of the 54 

World Glaucoma Association (WGA) consensus document on reporting glaucoma surgical 55 

studies up to the design of our study.7 We included studies that reported success rates of 56 

glaucoma surgical procedures performed alone or in conjunction with other ocular surgeries 57 

(e.g., cataract surgery). We included surgical techniques that provided subconjunctival 58 

filtration, either ab externo (e.g., trabeculectomy, glaucoma drainage devices, deep 59 

sclerectomy, Preserflo MicroShunt, Express shunt) or ab interno (e.g., Xen Gel). We 60 

excluded other surgeries targeting the trabecular meshwork and suprachoroidal space as 61 

these techniques have different indications, IOP-lowering efficacy, and rarely lead to 62 

hypotony. We did not include studies on glaucoma laser procedures or medications for the 63 

same reasons. If a study compared different surgical techniques, it was included as long as 64 

at least one of the study procedures met our inclusion criteria. We used the Rayyan web 65 

application21 to screen titles and abstracts of potentially eligible studies. Prior to data 66 

screening, we removed studies with duplicated information or those not primarily written in 67 

English.  68 

Two independent investigators (AR and GT) screened the titles and abstracts to select 69 

studies for full-text review. The reviewers were masked to each other's decisions until the 70 

study selection was completed. Disagreement was resolved with open adjudication between 71 

the two investigators. If no agreement could be reached, a third investigator was involved to 72 
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make the final decision. For those studies that passed the screening process, we obtained 73 

the full text through PubMed, journal website or other sources. If articles could not be found, 74 

we contacted the corresponding authors to request a copy. If there was no response from 75 

the corresponding author within four weeks, the article was excluded from the full-text 76 

review. 77 

The same two investigators independently extracted relevant information, including the 78 

specific definition of hypotony used as a failure criterion and the type of hypotony. The type 79 

of hypotony was classified as numerical (based on intraocular pressure thresholds only), 80 

clinical (based on clinical manifestations of hypotony only), or mixed (a combination of 81 

numerical and/or clinical criteria). 82 

The reviewers were masked to each other's decisions until the data extraction was 83 

completed. Disagreements were resolved through open adjudication between the two 84 

investigators. If an agreement could not be reached, a third investigator was involved to 85 

make the final decision. 86 

 87 

Patients’ cohorts 88 

Two large retrospective clinical datasets of patients undergoing either trabeculectomy 89 

or nonpenetrating deep sclerectomy were included.  90 

The trabeculectomy dataset included patients who underwent trabeculectomy 91 

between 1999 and 2022 at the Glaucoma Division of the Stein Eye Institute, University of 92 

California, Los Angeles. Surgeries were performed or supervised by one of the five 93 

attendings using a previously reported technique.22-24 The use of this dataset was approved 94 

by the institution review board (IRB) at the University of California, Los Angeles and adhered 95 

with the tenets of the Declaration of Helsinki and the Health Insurance Portability and 96 

Accountability Act. The IRB waived the requirement for written informed consent. 97 

The deep sclerectomy dataset consisted of consecutive patients who underwent 98 

deep sclerectomy in two UK glaucoma services: Calderdale and Huddersfield NHS 99 

Foundation Trust (between 2001 and 2014) and Gloucestershire Hospitals NHS Foundation 100 
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Trust (between 2014 and 2020). The patients were under the care of a single glaucoma and 101 

anterior segment surgeon (NA). All data were fully anonymized prior to analysis. The 102 

surgical procedures were either performed or supervised by an experienced glaucoma 103 

surgeon (NA) and followed a standardized technique described in previous publications.14, 25-104 

27 This study did not directly involve human subjects, identifiable human material, or 105 

identifiable data. According to UK legislation, the use of a retrospective dataset for 106 

anonymized database analyses is considered an audit or service evaluation and does not 107 

require IRB approval. The study adhered to the principles outlined in the Declaration of 108 

Helsinki, the United Kingdom Data Protection Act, and the National Institute for Health 109 

Research guidance. The retrospective anonymized data extraction was approved by the 110 

Calderdale and Huddersfield NHS Foundation Trust and the Gloucestershire Hospitals NHS 111 

Caldicott Guardians, who are responsible for information governance. 112 

From the two datasets, we used the following preoperative variables for the analysis: 113 

eye and patient identification numbers, age, ethnicity, laterality, central corneal thickness 114 

(CCT), Snellen best-corrected visual acuity (BCVA), IOP measured with Goldmann 115 

applanation tonometry, number of topical antiglaucoma agents, use of systemic 116 

acetazolamide, visual field mean deviation (MD), glaucoma subtype, lens status, previous 117 

laser trabeculoplasty, previous glaucoma, lens, corneal, and retinal surgery and their type. 118 

Intraoperative variables included whether the trabeculectomy or DS was performed stand-119 

alone or combined with other ocular procedures. Postoperative variables were collected for 120 

any available visit and included: IOP, BCVA, postoperative complications occurrence, their 121 

type and their grade (where available), revision surgery and its reasons (e.g., hypotony, 122 

dystesthesia), other subsequent glaucoma surgery or ciliodestructive procedure. If an eye 123 

underwent further glaucoma surgery, we censored its follow-up at the time of the listing visit. 124 

We included both eyes of the same patient if eligible. If the same eye underwent two or more 125 

glaucoma surgery in the study period, we included the first available surgery. We excluded 126 

eyes in which preoperative IOP and BCVA were not available as this prevented the 127 

calculation of success rates. No other inclusion/exclusion criteria were applied. 128 
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 129 

Criteria for success 130 

Four different upper IOP cutoff were chosen as criteria for success: (A) IOP≤21 131 

mmHg with ≥20% IOP reduction from preoperative values; (B) IOP≤18 mmHg with ≥20% 132 

IOP reduction; (C) IOP≤15 mmHg with ≥25% IOP reduction; (D) IOP≤12 mmHg with ≥30% 133 

IOP reduction. Failure was defined as follows: IOP above the specified criteria in two 134 

consecutive visits three months after surgery, loss of light perception, additional IOP-135 

lowering glaucoma surgery or ciliodestructive procedures, and hypotony. We applied each of 136 

the different hypotony criteria identified in the systematic review to the patient cohort 137 

sequentially. For each dataset, we calculated multiple success rates corresponding to the 138 

different hypotony criteria identified in the literature that were replicable. By keeping the first 139 

three failure criteria fixed and varying only the definition of hypotony, we were able to 140 

evaluate the impact of different hypotony failure criteria. Hypotony complications were 141 

defined as the presence of one or more of the following: reduced AC depth with any degree 142 

of iris-corneal touch, hypotony maculopathy, choroidal effusion, choroidal hemorrhage, 143 

hypotony keratopathy, and decompression retinopathy. 144 

 145 

Statistical Analysis 146 

 Statistical analysis was performed with the open-source software R (R Foundation for 147 

Statistical Computing, Vienna, Austria). All tests were 2-tailed, and p-values <0.05 were 148 

considered statistically significant. We converted Snellen visual acuity values to the 149 

logarithm of the minimum angle of resolution (logMAR) scale. Continuous variables were 150 

reported as mean (± standard deviation [SD]) or median (interquartile range [IQR]), and 151 

categorical variables as frequencies or proportions. 152 

 Differences in demographic and preoperative variables between the two cohorts 153 

were tested. Differences in patient-related categorical variables (e.g., ethnicity) were tested 154 

with the chi square test. Differences in eye-related variables (e.g., BCVA, IOP) were tested 155 

with a mixed model, where the patient identification number was included as a random effect 156 
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to account for the inclusion of the two eyes from the same patients. We used linear mixed 157 

models (package lme4)28 and generalized mixed models with adaptive Gaussian quadrature 158 

(package GLMMadaptive)29 for continuous and categorical variables, respectively. 159 

Multinomial categorical variables, such as type of glaucoma, baseline lens status, and 160 

surgical procedure, were binarized using the most prevalent category as the reference level. 161 

We used Kaplan-Meir survival curves to calculate the overall cumulative incidence of 162 

hypotony and success based on the various IOP criteria. We clustered data for the patient 163 

identification number to account for the inclusion of two eyes of the same patient, and a 164 

robust variance estimate based on the infinitesimal jackknife estimate was used to calculate 165 

unbiased standard errors.30 We conducted analyses separately for each criterion and type of 166 

hypotony (i.e., numerical, clinical, mixed). We generated Venn diagrams to visualize the 167 

relationships between clinical hypotony and hypotony failure criteria most commonly 168 

reported in the literature. We calculated the sensitivity and specificity of each numerical 169 

criterion to diagnose the presence of hypotony complications. We ran clustered Cox 170 

regression analyses with robust variance estimation (to account for within-data correlations) 171 

to test differences between groups and estimate the risk of failure according to the various 172 

criteria when having no hypotony failure criterion as a reference. We employed the Tukey 173 

method for pairwise comparison.  174 
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RESULTS 175 

 176 

Systematic Review 177 

  We initially identified 2,503 studies through the database search (Figure 1). After 178 

excluding 201 studies with duplicate information and 24 studies not in English, we screened 179 

2,278 unique abstracts. Among these, 291 abstracts met the eligibility criteria and underwent 180 

full-text review. From the eligible studies, thirteen studies were further excluded due to 181 

reasons such as duplicated information (n=6), unavailability of full text (n=3), absence of 182 

reported success rates (n=2), cross-sectional design (n=1), and the use of a suprachoroidal 183 

device (n=1). Hypotony failure definitions were extracted from the remaining 278 articles. 184 

Out of the included studies, 99 (35.6%) did not use any hypotony failure criteria. 185 

Numerical hypotony was the most commonly adopted failure criterion, present in 157 studies 186 

(56.5%). Only a small number of studies incorporated clinical complications of hypotony as 187 

failure criteria, either in isolation (3 studies [1.1%]) or in combination with a low IOP cutoff 188 

(19 studies [6.8%]). When the prevalence of hypotony failure criteria was stratified as a 189 

function of the year of publication (Figure S2), the proportion of studies with no hypotony 190 

failing criteria progressively decreased from 61.5% in 2010 to 8.3% in 2022. Conversely, the 191 

proportion of studies using numerical hypotony progressively increased from 30.8% in 2010 192 

to 75% in 2022. The use of mixed hypotony and clinical hypotony was inconsistent and did 193 

not follow any trend. 194 

Figure S3 illustrates that a total of forty-nine specific hypotony failure criteria were 195 

identified, with IOP<6 mmHg, IOP<6 mmHg on ≥2 consecutive visits after 3 months from 196 

surgery, and IOP<5 mmHg being the most frequently used failure criteria in 41 (14.7%), 38 197 

(13.7%), and 13 (4.7%) studies, respectively. One of the 49 hypotony failure criteria (i.e., 198 

sustained IOP<5 mmHg)31, 32 could not be applied to our patient cohorts as the authors did 199 

not provide enough details to make them replicable, particularly with regards to the period of 200 

time required to define hypotony as “sustained”. 201 

 202 
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Patient Cohorts 203 

 A total of 934 eyes of 766 patients and 1,765 eyes of 1,385 patients were included in 204 

the trabeculectomy and deep sclerectomy cohorts, respectively. The median (IQR) follow-up 205 

was 41.4 (19.3 – 74.8) months and 45.4 (20.9 – 79.8) months in the trabeculectomy and DS 206 

cohort, respectively. Table 1 illustrates the demographic and clinical characteristics of the 207 

included patients. 208 

 209 

Hypotony incidence 210 

Figure 4 illustrates the cumulative incidence of hypotony in the two patient cohorts. In 211 

both cohorts, numerical hypotony (i.e., intraocular pressure thresholds only) had the highest 212 

cumulative incidence, followed by mixed hypotony (i.e., a combination of numerical and/or 213 

clinical criteria), and clinical hypotony (i.e., clinical manifestations of hypotony only). 214 

Differences in hypotony incidence, as estimated with different hypotony types, were 215 

statistically significant for all pairwise comparisons (p<0.001).  216 

With regards to the specific hypotony criteria (Table S2), the median (IQR) 5-year 217 

estimated incidence (95% CI) of hypotony was 18.9% (11.3%-30.2%) and 8.0% (5.1%-218 

16.8%) for the trabeculectomy and DS, respectively. Among the three most commonly used 219 

criteria in the literature (Table 3), IOP<6 mmHg led to the highest estimated 5-year incidence 220 

of hypotony, followed by IOP<5 mmHg, and, considerably lower, IOP<6 mmHg on ≥2 221 

consecutive visits after 3 months from surgery. Among clinical hypotony criteria, the use of 222 

hypotony complications led to the highest estimated 5-year incidence of hypotony, followed 223 

by hypotony maculopathy, and surgical reoperation for hypotony. As shown in Figure 5, a 224 

sizable proportion of patients categorized as “failed” due to hypotony with the two most used 225 

criteria (i.e., IOP<6 mmHg, IOP<6 mmHg on ≥2 consecutive visits after 3 months) did not 226 

experience any clinical complication. Conversely, only 4 (0.4%) and 5 (0.3%) patients in the 227 

trabeculectomy and DS cohorts, respectively, developed complications despite not meeting 228 

these numerical hypotony thresholds. Table 4 presents the sensitivity and specificity values 229 

of each numerical hypotony criterion for identifying clinical complications. No specific 230 
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criterion demonstrated strong diagnostic properties. In general, criteria that did not impose 231 

any time cutoff from the original surgery and did not require confirmation of IOP readings in 232 

subsequent visits tended to have higher sensitivity but lower specificity. This suggests that 233 

they were more likely to detect hypotony complications but also had a higher rate of false 234 

positives. Conversely, criteria that included a time cutoff from surgery and required low IOP 235 

in multiple visits or at the last visit tended to have higher specificity but lower sensitivity. 236 

These criteria were more precise in confirming hypotony complications but might miss early 237 

or transient hypotony complications. 238 

 239 

Surgical success rates by hypotony type 240 

Figure S6 and Table S5 illustrate the success rates of the two surgical procedures as 241 

a function of the type of hypotony. The 5-year success rates for trabeculectomy and DS 242 

were highest with no hypotony failure criteria (criteria A-D: trabeculectomy 40.9-23.2%; DS: 243 

62.4-15.0%), followed by clinical hypotony (criteria A-D: trabeculectomy 37.9-21.5%; DS: 244 

59.7-13.8%), mixed hypotony (criteria A-D: trabeculectomy 31.7-16.7%; DS: 54.2-11.7%), 245 

and numerical hypotony (criteria A-D: trabeculectomy 28.3-13.7%; DS: 52.6-11.0%).  246 

Figure S7 and Table S6 illustrate the results of the Cox regression analysis based on 247 

the hypotony type compared to having no hypotony failure criteria. In both cohorts, numerical 248 

hypotony posed the highest risk of labeling a patient as a failure (trabeculectomy HR 249 

between 1.51-1.41 for criteria A to D; p<0.001; DS HR between 1.46-1.21 for criteria A to D; 250 

p<0.001), followed by mixed hypotony (trabeculectomy HR between 1.40-1.31 for criteria A 251 

to D; p<0.001; DS HR between 1.41-1.20 for criteria A to D; p<0.001), and clinical hypotony 252 

(trabeculectomy HR between 1.12-1.09 for criteria A to D; p<0.001; DS HR between 1.10-253 

1.04 for criteria A to D; p<0.001). The impact of different hypotony criteria was considerably 254 

reduced with more stringent IOP upper cutoffs in the DS cohort, while it only slightly 255 

decreased in the trabeculectomy cohort. 256 

 257 

Surgical success rates by specific hypotony criteria 258 
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As shown in Figure S8 and Tables S7 and S8, estimated success rates varied greatly 259 

as a function of the specific hypotony criterion chosen. Among the three most commonly 260 

used criteria in the literature (Table 9), IOP<6 mmHg on ≥2 consecutive visits after 3 months 261 

from surgery led to the highest 5-year success rates for all criteria, followed by IOP<5 262 

mmHg, and IOP<6 mmHg. Regarding clinical hypotony (Table 9), the 5-year success rates 263 

were the highest using the presence of hypotony maculopathy, followed by surgical revision 264 

for hypotony, and hypotony complications.  265 

Figure S9 and Tables S10 and S11 detail the risk of failure using the various 266 

individual criteria having no hypotony failure criteria as a reference in the two cohorts of 267 

patients. Among the three most commonly used criteria, IOP<6 mmHg led to the highest risk 268 

of failure, followed by IOP<5 mmHg, and IOP<6 mmHg on ≥2 consecutive visits after 3 269 

months from surgery. When looking at clinical hypotony criteria, hypotony complications 270 

were significantly (p<0.001) associated with an increased risk of failure. Using hypotony  271 

maculopathy or revision for hypotony complications marginally increased the risk of failure 272 

compared to having no hypotony failure criteria.  273 
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DISCUSSION 274 

In this study, we conducted a systematic literature review to identify the definitions of 275 

hypotony used as failure criteria in glaucoma surgical outcome studies. We then applied the 276 

identified criteria to two large cohorts of patients undergoing trabeculectomy and DS surgery. 277 

We found that hypotony failure criteria were highly heterogeneous in the current literature, 278 

with 49 distinct criteria identified. Additionally, most studies either lacked hypotony failure 279 

criteria altogether or relied on numerical cutoffs, and only a few studies focused on clinically 280 

relevant hypotony manifestations. When we applied the various hypotony criteria to our two 281 

patient cohorts, we observed a substantial impact on the incidence of hypotony and the 282 

success rates. The choice of hypotony criterion significantly influenced the results, with the 283 

use of numerical hypotony only leading to a likely underestimation of true surgical success 284 

rates. This result is particularly meaningful given the long follow-up time, which would have 285 

allowed us to detect clinically significant consequences of hypotony.   286 

The goal of any glaucoma treatment is to slow glaucoma progression, preventing 287 

visual disability and loss of vision-related quality of life. As such, the use of visual field and 288 

its progression rates as a primary outcome for surgical success has been advocated.33, 34 289 

However, visual field progression has been infrequently used as a primary outcome in 290 

glaucoma surgical studies. Despite being an imperfect surrogate measure for disease 291 

progression, IOP control has been routinely used to gauge the success of surgical 292 

techniques. Historical studies, however, were highly heterogeneous in defining tonometric 293 

success, and the specific set of criteria used to define IOP control influenced estimated 294 

success rates.35 Historical literature gave little emphasis to hypotony, with most studies 295 

having no hypotony criteria.35 In 2009, the World Glaucoma Association (WGA) released a 296 

consensus document on designing and reporting glaucoma surgical studies to provide some 297 

standardization.7 The WGA consensus introduced a numerical hypotony criterion for failure, 298 

defining failure as an IOP<6 mmHg (preferably on two consecutive visits). The tube-versus-299 

trabeculectomy (TVT) study36 chose to adopt variations of the WGA hypotony criteria, 300 

introducing a window of three months from the original surgery to overcome the impact of 301 
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early hypotony. Early hypotony may be relatively frequent after glaucoma surgery, and the 302 

IOP behavior in the early postoperative visits may not reflect long-term IOP control. As a 303 

consequence of the WGA guidelines and study design of milestone studies, the number of 304 

studies incorporating some form of hypotony failure criteria progressively increased over 305 

time, with fewer than one in ten studies lacking such criteria in 2022. Our work also revealed 306 

that the heterogeneity in hypotony failure criteria remains very high in the current literature, 307 

with approximately one diverse criterion in every five published studies. One-third of the 308 

studies used an IOP threshold similar to those recommended by the WGA (IOP<6 mmHg or 309 

IOP≤6 mmHg) or the TVT study. This finding, in conjunction with the progressive 310 

incorporation of hypotony failure criteria, confirms that consensus documents and milestone 311 

studies have the potential to impact research methods and the clinical care of glaucoma. 312 

 Although the use of a numerical cutoff is simple and convenient, recent studies13, 14 313 

have shown that numerical hypotony is a poor surrogate for the presence of clinically 314 

significant hypotony. In our study (Figure 5), most patients with numerical hypotony did not 315 

develop any complications. Conversely, approximately 0.3-0.4% of patients with no 316 

numerical hypotony experienced hypotony complications. This finding aligns with previous 317 

studies indicating higher risk of complication, such as hypotony maculopathy, choroidal 318 

hemorrhage, or choroidal effusion, in certain patient categories. These include young 319 

patients with more elastic sclera, myopes with thinner sclera, and vitrectomized patients 320 

lacking vitreous body support for the sclera.14, 15, 37 In these patients, hypotony complications 321 

may occur at IOP values considered 'normal' by a numerical definition of hypotony. 322 

Therefore, numerical hypotony is neither sufficient nor necessary to develop hypotony 323 

complications. We found that the use of clinical hypotony as a criterion for failure is very 324 

uncommon, with no evident increasing trend in recent years. This suggests that recent 325 

articles pointing out the fallacy of numerical hypotony did not impact the reporting of results 326 

and interpretation of glaucoma surgical studies. A new consensus to redefine hypotony 327 

failure focusing on clinically relevant complications is indicated. 328 
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 The proper definition of clinical hypotony to be considered as a criterion for failure is 329 

also uncertain. Most studies incorporating hypotony sequelae as a criterion for failure also 330 

demanded a low IOP cutoff. While this is certainly an improvement over pure numerical 331 

hypotony, the presence of a cutoff may mistakenly label as a success those susceptible 332 

eyes developing potentially sight-threatening complications despite IOP values above the 333 

predefined cutoffs. In our systematic review, we found only three studies using clinical 334 

complications due to hypotony, regardless of IOP values, as a criterion for failure. One 335 

study38 defined hypotony failure as the presence of any hypotony complications. The 336 

occurrence of a complication from hypotony indicates that a specific eye is not tolerating the 337 

specific IOP value at which the complication occurred. Therefore, specific IOP values above 338 

usual thresholds can be harmful for these eyes. Most hypotony complications, such as 339 

shallow AC or peripheral choroidal effusion, are not uncommon in the early postoperative 340 

period. These complications are typically transient and self-limiting, and while they can 341 

cause transient VA reduction, they do not usually result in permanent vision loss. Another 342 

study18 used hypotony maculopathy to define failure. However, hypotony maculopathy as a 343 

sole criterion for hypotony failure has limitations. The prevalence of hypotony maculopathy 344 

varies depending on the method of diagnosis. Optical coherence tomography (OCT) studies 345 

have shown that subclinical maculopathy with chorioretinal undulations can be found in up to 346 

15% of patients after trabeculectomy, with many cases undetected with fundus photography 347 

and dilated fundus examination.39 The proportion of patients with early, non-visually 348 

significant maculopathy developing visually significant maculopathy is unknown. Additionally, 349 

peripheral macular folds distant from the foveal region may go unnoticed by the patient 350 

despite being visible on fundus examination. We argue that the use of only hypotony 351 

maculopathy is not comprehensive enough; other complications, such as suprachoroidal 352 

hemorrhage, hypotony keratopathy, and kissing choroidals, may also lead to permanent 353 

vision loss and should be regarded as a failure. A third study40 defined failure as the 354 

occurrence of surgical revision for clinically significant hypotony. While this criterion may 355 

seem appropriate as it encompasses cases where intervention was deemed necessary due 356 
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to a serious complication or non-resolving condition, some considerations should be made. 357 

The threshold for surgical intervention may vary among different surgeons. Some 358 

complications, such as suprachoroidal hemorrhage, may resolve spontaneously without 359 

intervention but could still lead to irreversible vision loss.  360 

A clinical complication related to hypotony should be considered a criterion for failure 361 

only if it poses a substantial threat to vision and is associated with a decline in visual acuity. 362 

We propose that severe hypotony-related complications be classified as failure criteria. 363 

These include persistent large or kissing choroidals, clinically significant hypotony 364 

maculopathy, extensive suprachoroidal hemorrhage, appositional suprachoroidal 365 

hemorrhage, suprachoroidal hemorrhage associated with retinal detachment or vitreous 366 

hemorrhage, flat anterior chamber (AC) with central iridocorneal touch, hypotony 367 

keratopathy with pronounced corneal edema, or any hypotony complication necessitating 368 

revision surgery. Conversely, milder complications that either spontaneously regress without 369 

intervention or have no impact on vision should be documented but not deemed failures. 370 

Examples of these milder complications include peripheral choroidal effusion, small and 371 

peripheral suprachoroidal hemorrhage, shallow AC without central iris-corneal contact, 372 

subclinical hypotony maculopathy, hypotony keratopathy with Descemet folds and a clear 373 

cornea, and decompression retinopathy. Determining the exact impact of a specific 374 

complication on visual acuity can be challenging, especially when multiple concurrent 375 

complications or confounding factors like postoperative astigmatism and underlying ocular 376 

conditions are present. Additionally, there may be some ambiguity in defining clinical 377 

complications. For example, choroidal detachments clinically categorized as choroidal 378 

effusions may also include echographically detectable choroidal hemorrhages. 379 

 Our findings also highlight that specific hypotony criteria influence the categorization 380 

of eyes as hypotonus. This observation is consistent with a previous study conducted by 381 

Abbas and colleagues.20 Additionally, we demonstrated that the calculated success rates of 382 

glaucoma surgery significantly varied as a function of the chosen hypotony failure criterion. 383 

In general, numerical hypotony and, to a lesser degree, mixed hypotony resulted in a higher 384 
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incidence of hypotony and an elevated risk of failure compared to clinical hypotony. This 385 

outcome was not unexpected, given that only a minority of patients with numerical hypotony 386 

will encounter complications, as indicated by our study and others.14, 15 When looking at 387 

distinct hypotony criteria, several trends emerged. The risk of failure by hypotony criteria 388 

considerably decreased when low IOP was required in two consecutive visits. For instance, 389 

the HR for the risk of such failure for criterion A was 1.97 for trabeculectomy and 1.35 for DS 390 

when the hypotony failure criterion was IOP<6 mmHg in two consecutive visits. The risk 391 

further decreases when early low IOP readings were not used to define failure. Transient 392 

numerical hypotony is common after glaucoma surgery, especially in the immediate 393 

postoperative phase, with most eyes not encountering complications. For IOP<6 mmHg in 394 

two consecutive visits after 3 months, the HR for criterion A compared to having no hypotony 395 

failure criteria was 1.35 for trabeculectomy and 1.22 for DS. While we advise against treating 396 

it as a criterion for failure, we acknowledge the value of reporting the prevalence of eyes with 397 

chronic numerical hypotony. This information provides readers with an estimate of the 398 

proportion of patients potentially at risk of hypotony complications from a specific surgical 399 

technique. Furthermore, it may be worth considering the inclusion of CCT in the definition of 400 

numerical hypotony, as CCT can influence IOP measurements. The same IOP value could 401 

imply varying risks of complications depending on the CCT.41 However, integrating CCT into 402 

the definition of numerical hypotony is not straightforward. Formulas designed to adjust IOP 403 

readings based on CCT have been imprecise,42 and the impact of corneal biomechanical 404 

properties on measured IOP extends beyond mere thickness. This study highlights the need 405 

for consensus and standardization in defining and reporting chronic hypotony. 406 

This study does not provide an answer to the ultimate question of whether the use of 407 

different hypotony criteria could impact the proper interpretation of the results of a clinical 408 

study comparing the outcomes of two surgical techniques. This question is particularly 409 

relevant when comparing a highly effective technique that achieves low IOP values with less 410 

potent operations. In the 5-year results of the TVT study, 40% and 54% of failures in the 411 

trabeculectomy and tube arm, respectively, were attributed to inadequate IOP reduction; 412 
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conversely, 31% and 13% of failures in the trabeculectomy and tube arm were due to 413 

numerical hypotony. The TVT authors conducted an alternate analysis that incorporated a 414 

decrease in VA from baseline alongside their hypotony criterion. This marginally affected 415 

their estimated success rates, leaving the overall direction of the study results unchanged. 416 

However, we believe that this alternative criterion, which is essentially what we referred to as 417 

"mixed hypotony" in our study, has its limitations. A reduction in visual acuity following 418 

glaucoma surgery can be caused by factors not directly related to clinical hypotony, such as 419 

the progression of postoperative cataract or a change in astigmatism. Of note, in the TVT 420 

study, visual acuity declined over the 5-year post-intervention period for both tube and 421 

trabeculectomy patients, and this decline was comparable among patients, regardless of 422 

whether they experienced complications.43 The frequency of hypotony complications was 423 

evenly distributed between the two arms.43 Similar considerations may be even more 424 

relevant to the primary TVT, where the difference in success rates between the tube and 425 

trabeculectomy arms was smaller and, therefore, more susceptible to changes resulting from 426 

adopting a clinical definition of hypotony.44, 45 This issue becomes even more pertinent when 427 

considering recent plate-less bleb-forming devices. For instance, a recent multicenter 428 

retrospective study comparing trabeculectomy and Microshunt implant outcomes, employed 429 

a numerical criterion for failure (i.e., IOP<5 mmHg in two consecutive visits after 3 months). 430 

At the 18-month mark, failure rates for trabeculectomy and Microshunt were 35% and 25%, 431 

respectively. Inadequate IOP reduction was responsible for 84% of Microshunt failures and 432 

58% of trabeculectomy failures; in contrast, numerical hypotony accounted for 29% of 433 

trabeculectomy failures and 0% for Microshunt. The study's authors acknowledged that 434 

approximately 43% of hypotony cases were not associated with complications or a decrease 435 

in VA. Therefore, utilizing only serious hypotony-related complications as a criterion for 436 

failure would change the reported results, interpretation and clinical implications of these 437 

studies. 438 

Trabeculectomy and DS are both well-established and effective techniques for 439 

managing glaucoma patients.27, 46-48 The purpose of this study is not to conduct a direct 440 
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comparison between different surgical techniques. Instead, the study aims to emphasize that 441 

hypotony failure criteria can impact surgical success rates in two geographically distinct 442 

study cohorts. We caution the reader not to directly compare the success rates of these two 443 

cohorts, as success rates are influenced by significantly diverse patient populations. Of note, 444 

the trabeculectomy cohort had a significantly higher prevalence of risk factors for failure, 445 

including non-white ethnicities, secondary glaucoma, low preoperative IOP values, and a 446 

history of prior glaucoma, corneal, and/or retinal surgeries. Furthermore, there may be 447 

additional differences in unobserved variables, which may only be adequately addressed 448 

within a randomized controlled trial. 449 

In conclusion, hypotony failure criteria are highly heterogeneous in the current 450 

literature, with very few studies focusing on clinically relevant complications. Surgical 451 

success rates are considerably influenced by the hypotony criterion chosen; the use of 452 

numerical hypotony underestimates surgical success rates. The standardization of glaucoma 453 

surgical failure criteria with an emphasis on clinically relevant complications is indicated.  454 
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FIGURE LEGENDS 590 

 591 

Figure 1. PRISMA flowchart illustrating the number of glaucoma studies identified and 592 

included in the analysis. 593 

 594 

Figure 4. Kaplan-Meier curves representing the cumulative incidence of hypotony as a 595 

function of the type of hypotony (i.e., clinical, mixed, and numerical) in the trabeculectomy 596 

(left panel) and deep sclerectomy (right panel) cohorts. 597 

 598 

Figure 5. Venn diagram illustrating the 5-year occurrence of hypotony as defined by three 599 

distinct criteria. Proportions are calculated on the entire trabeculectomy (n=934) and deep 600 

sclerectomy (n=1,765) cohort. 601 
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ABSTRACT 

Purpose: Review hypotony failure criteria used in glaucoma surgical outcome studies and 

evaluate their impact on success rates.  

Design: Systematic literature review and application of hypotony failure criteria to two 

retrospective cohorts. 

Participants: 934 eyes and 1,765 eyes undergoing trabeculectomy and deep sclerectomy (DS) 

with a median follow-up of 41.4 and 45.4 months, respectively.  

Methods: Literature-based hypotony failure criteria were applied to patient cohorts. IOP-related 

success was defined as: (A) IOP≤21 mmHg with ≥20% IOP reduction; (B) IOP≤18 mmHg with 

≥20% reduction; (C) IOP≤15 mmHg with ≥25% reduction; (D) IOP≤12 mmHg with ≥30% reduction. 

Failure was defined as: IOP exceeding these criteria in two consecutive visits >3 months after 

surgery, loss of light perception, additional IOP-lowering surgery, or hypotony. Cox regression 

estimated failure risk for different hypotony criteria, using no hypotony as a reference. Analyses 

were conducted for each criterion and hypotony type (i.e., numerical [IOP threshold], clinical 

[clinical manifestations], mixed [combination of numerical and/or clinical criteria]). 

Main Outcome Measures: Hazard ratio (HR) for failure risk. 

Results: Of 2,503 studies found, 278 were eligible, with 99 (35.6%) studies lacking hypotony 

failure criteria. Numerical hypotony was predominant (157 studies [56.5%]). Few studies employed 

clinical hypotony (3 isolated [1.1%]; 19 combined with low IOP [6.8%]). Forty-nine different criteria 

were found, with IOP<6 mmHg, IOP<6 mmHg on ≥2 consecutive visits after 3 months, and IOP<5 

mmHg being the most common (41 [14.7%], 38 [13.7%], and 13 [4.7%] studies, respectively). In 

both cohorts, numerical hypotony posed the highest risk of failure (HR between 1.51-1.21 for 

criteria A to D; p<0.001), followed by mixed hypotony (HR between 1.41-1.20 for criteria A to D; 

p<0.001), and clinical hypotony (HR between 1.12-1.04; p=0.07 for DS criteria D, p≤0.017 for other 

criteria). Failure risk varied greatly with various hypotony definitions, with HR ranging between 

1.02-10.79 for trabeculectomy and 1.00-8.36 for DS. 

Discussion: Hypotony failure criteria are highly heterogenous in the glaucoma literature, with few 

studies focusing on clinical manifestations. Numerical hypotony yields higher failure rates than 
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clinical hypotony and can underestimate glaucoma surgery success rates. Standardizing failure 

criteria with an emphasis on clinically relevant hypotony manifestations is needed. 

 

Keywords: antimetabolites; choroidal effusion; glaucoma surgery; hypotony maculopathy; 

intraocular pressure; nonpenetrating glaucoma surgery; post-operative complications; randomized 

controlled study; retrospective study; trabeculectomy. 
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INTRODUCTION 1 

 Intraocular pressure (IOP) reduction is currently the only proven treatment to slow the 2 

progression of glaucoma, and it is achieved through medical, laser, and surgical treatments.1 3 

Glaucoma surgery has been traditionally reserved for eyes with uncontrolled disease despite 4 

medical and laser therapies. Previous studies have shown that glaucoma surgery effectively 5 

lowers IOP and reduces glaucomatous progression rates.2, 3 Glaucoma surgery can provide 6 

a robust and sustained reduction in IOP, prevent further glaucoma deterioration, and 7 

preserve vision-related quality of life. 8 

Postoperative hypotony can occur as a result of glaucoma surgery. The definition of 9 

hypotony varies in the literature and is usually categorized as numerical or clinical. 10 

Numerical hypotony is defined as an IOP below a certain threshold that is considered non-11 

physiological and carries a risk of severe complications.4 Clinical hypotony focuses more on 12 

the presence of complications caused by low IOP, regardless of the IOP reading. Some of 13 

these complications (e.g., hypotony maculopathy, choroidal hemorrhage) may be particularly 14 

serious and lead to irreversible loss of vision.5, 6 15 

To standardize glaucoma surgery studies, the World Glaucoma Association (WGA) 16 

has issued guidelines for designing and reporting glaucoma surgical studies.7 These 17 

guidelines recommend persistent numerical hypotony (i.e., IOP <6 mmHg for two 18 

consecutive examinations) as one of the failure criteria. Following WGA guidelines, 19 

persistent hypotony was set as a criterion for failure in many studies, including landmark 20 

surgical studies.8-12 However, recent studies have questioned whether simple numerical 21 

hypotony truly reflects surgical outcomes.13, 14 Most eyes with low IOP do not develop 22 

complications,14, 15 and their outcomes are not significantly different from those without 23 

hypotony in terms of visual acuity, reoperation rates, and surgical failure.13, 14 Additionally, 24 

patients with predisposing factors may experience sight-threatening hypotony complications 25 

even in the absence of numerical hypotony.14, 15 Therefore, the widespread use of numerical 26 

hypotony as a failure criterion seems inappropriate, as it can misclassify successful 27 

operations as surgical failures and vice versa. Few studies16-19 have adopted alternative 28 
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definitions of hypotony failure based on the presence of hypotony complications alone or in 29 

combination with a low IOP cutoff. 30 

The lack of consistency in defining failure criteria due to hypotony increases the 31 

heterogeneity of the literature, making it difficult to compare results from different studies. 32 

Abbas and colleagues20 conducted a study evaluating how fourteen different hypotony 33 

failure definitions affected the proportion of patients labeled as having hypotony, and they 34 

found wide variations in hypotony prevalence depending on the criterion used. The impact of 35 

using different hypotony criteria for failure on success rates of glaucoma surgery is still 36 

unknown. The use of numerical criteria, such as the one proposed by the WGA guidelines, 37 

may disproportionately penalize techniques that can achieve a more substantial reduction in 38 

IOP (e.g., trabeculectomy) compared to less potent surgeries (e.g., plate-less bleb-forming 39 

devices, aqueous shunts).  40 

In this study, we systematically review hypotony definitions used in the literature and 41 

assess the impact of different hypotony failure criteria on glaucoma surgery success rates in 42 

two large cohorts of patients undergoing trabeculectomy and deep sclerectomy (DS) with 43 

long-term follow-up.   44 
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METHODS 45 

Publication Search and Assessment 46 

We conducted a systematic literature review (PROSPERO CRD42022378096) in 47 

PubMed using the following search terms: Ahmed valve, Baerveldt, deep sclerectomy, 48 

express shunt, glaucoma drainage device, glaucoma operation, glaucoma surgery, 49 

glaucoma tube, glaucoma valve, Innfocus, Preserflo Microshunt, Trabeculectomy, Xen gel 50 

stent, Xen implant, Xen Stent. We limited the results to clinical studies, clinical trials (all 51 

types), comparative studies, multicenter studies, and observational studies. We included 52 

articles published in English on human patients from January 1, 2010 to November 21, 2022. 53 

This time frame encompassed studies published within a year after the introduction of the 54 

World Glaucoma Association (WGA) consensus document on reporting glaucoma surgical 55 

studies up to the design of our study.7 We included studies that reported success rates of 56 

glaucoma surgical procedures performed alone or in conjunction with other ocular surgeries 57 

(e.g., cataract surgery). We included surgical techniques that provided subconjunctival 58 

filtration, either ab externo (e.g., trabeculectomy, glaucoma drainage devices, deep 59 

sclerectomy, Preserflo MicroShunt, Express shunt) or ab interno (e.g., Xen Gel). We 60 

excluded other surgeries targeting the trabecular meshwork and suprachoroidal space as 61 

these techniques have different indications, IOP-lowering efficacy, and rarely lead to 62 

hypotony. We did not include studies on glaucoma laser procedures or medications for the 63 

same reasons. If a study compared different surgical techniques, it was included as long as 64 

at least one of the study procedures met our inclusion criteria. We used the Rayyan web 65 

application21 to screen titles and abstracts of potentially eligible studies. Prior to data 66 

screening, we removed studies with duplicated information or those not primarily written in 67 

English.  68 

Two independent investigators (AR and GT) screened the titles and abstracts to select 69 

studies for full-text review. The reviewers were masked to each other's decisions until the 70 

study selection was completed. Disagreement was resolved with open adjudication between 71 

the two investigators. If no agreement could be reached, a third investigator was involved to 72 
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make the final decision. For those studies that passed the screening process, we obtained 73 

the full text through PubMed, journal website or other sources. If articles could not be found, 74 

we contacted the corresponding authors to request a copy. If there was no response from 75 

the corresponding author within four weeks, the article was excluded from the full-text 76 

review. 77 

The same two investigators independently extracted relevant information, including the 78 

specific definition of hypotony used as a failure criterion and the type of hypotony. The type 79 

of hypotony was classified as numerical (based on intraocular pressure thresholds only), 80 

clinical (based on clinical manifestations of hypotony only), or mixed (a combination of 81 

numerical and/or clinical criteria). 82 

The reviewers were masked to each other's decisions until the data extraction was 83 

completed. Disagreements were resolved through open adjudication between the two 84 

investigators. If an agreement could not be reached, a third investigator was involved to 85 

make the final decision. 86 

 87 

Patients’ cohorts 88 

Two large retrospective clinical datasets of patients undergoing either trabeculectomy 89 

or nonpenetrating deep sclerectomy were included.  90 

The trabeculectomy dataset included patients who underwent trabeculectomy 91 

between 1999 and 2022 at the Glaucoma Division of the Stein Eye Institute, University of 92 

California, Los Angeles. Surgeries were performed or supervised by one of the five 93 

attendings using a previously reported technique.22-24 The use of this dataset was approved 94 

by the institution review board (IRB) at the University of California, Los Angeles and adhered 95 

with the tenets of the Declaration of Helsinki and the Health Insurance Portability and 96 

Accountability Act. The IRB waived the requirement for written informed consent. 97 

The deep sclerectomy dataset consisted of consecutive patients who underwent 98 

deep sclerectomy in two UK glaucoma services: Calderdale and Huddersfield NHS 99 

Foundation Trust (between 2001 and 2014) and Gloucestershire Hospitals NHS Foundation 100 
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Trust (between 2014 and 2020). The patients were under the care of a single glaucoma and 101 

anterior segment surgeon (NA). All data were fully anonymized prior to analysis. The 102 

surgical procedures were either performed or supervised by an experienced glaucoma 103 

surgeon (NA) and followed a standardized technique described in previous publications.14, 25-104 

27 This study did not directly involve human subjects, identifiable human material, or 105 

identifiable data. According to UK legislation, the use of a retrospective dataset for 106 

anonymized database analyses is considered an audit or service evaluation and does not 107 

require IRB approval. The study adhered to the principles outlined in the Declaration of 108 

Helsinki, the United Kingdom Data Protection Act, and the National Institute for Health 109 

Research guidance. The retrospective anonymized data extraction was approved by the 110 

Calderdale and Huddersfield NHS Foundation Trust and the Gloucestershire Hospitals NHS 111 

Caldicott Guardians, who are responsible for information governance. 112 

From the two datasets, we used the following preoperative variables for the analysis: 113 

eye and patient identification numbers, age, ethnicity, laterality, central corneal thickness 114 

(CCT), Snellen best-corrected visual acuity (BCVA), IOP measured with Goldmann 115 

applanation tonometry, number of topical antiglaucoma agents, use of systemic 116 

acetazolamide, visual field mean deviation (MD), glaucoma subtype, lens status, previous 117 

laser trabeculoplasty, previous glaucoma, lens, corneal, and retinal surgery and their type. 118 

Intraoperative variables included whether the trabeculectomy or DS was performed stand-119 

alone or combined with other ocular procedures. Postoperative variables were collected for 120 

any available visit and included: IOP, BCVA, postoperative complications occurrence, their 121 

type and their grade (where available), revision surgery and its reasons (e.g., hypotony, 122 

dystesthesia), other subsequent glaucoma surgery or ciliodestructive procedure. If an eye 123 

underwent further glaucoma surgery, we censored its follow-up at the time of the listing visit. 124 

We included both eyes of the same patient if eligible. If the same eye underwent two or more 125 

glaucoma surgery in the study period, we included the first available surgery. We excluded 126 

eyes in which preoperative IOP and BCVA were not available as this prevented the 127 

calculation of success rates. No other inclusion/exclusion criteria were applied. 128 
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 129 

Criteria for success 130 

Four different upper IOP cutoff were chosen as criteria for success: (A) IOP≤21 131 

mmHg with ≥20% IOP reduction from preoperative values; (B) IOP≤18 mmHg with ≥20% 132 

IOP reduction; (C) IOP≤15 mmHg with ≥25% IOP reduction; (D) IOP≤12 mmHg with ≥30% 133 

IOP reduction. Failure was defined as follows: IOP above the specified criteria in two 134 

consecutive visits three months after surgery, loss of light perception, additional IOP-135 

lowering glaucoma surgery or ciliodestructive procedures, and hypotony. We applied each of 136 

the different hypotony criteria identified in the systematic review to the patient cohort 137 

sequentially. For each dataset, we calculated multiple success rates corresponding to the 138 

different hypotony criteria identified in the literature that were replicable. By keeping the first 139 

three failure criteria fixed and varying only the definition of hypotony, we were able to 140 

evaluate the impact of different hypotony failure criteria. Hypotony complications were 141 

defined as the presence of one or more of the following: reduced AC depth with any degree 142 

of iris-corneal touch, hypotony maculopathy, choroidal effusion, choroidal hemorrhage, 143 

hypotony keratopathy, and decompression retinopathy. 144 

 145 

Statistical Analysis 146 

 Statistical analysis was performed with the open-source software R (R Foundation for 147 

Statistical Computing, Vienna, Austria). All tests were 2-tailed, and p-values <0.05 were 148 

considered statistically significant. We converted Snellen visual acuity values to the 149 

logarithm of the minimum angle of resolution (logMAR) scale. Continuous variables were 150 

reported as mean (± standard deviation [SD]) or median (interquartile range [IQR]), and 151 

categorical variables as frequencies or proportions. 152 

 Differences in demographic and preoperative variables between the two cohorts 153 

were tested. Differences in patient-related categorical variables (e.g., ethnicity) were tested 154 

with the chi square test. Differences in eye-related variables (e.g., BCVA, IOP) were tested 155 

with a mixed model, where the patient identification number was included as a random effect 156 
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to account for the inclusion of the two eyes from the same patients. We used linear mixed 157 

models (package lme4)28 and generalized mixed models with adaptive Gaussian quadrature 158 

(package GLMMadaptive)29 for continuous and categorical variables, respectively. 159 

Multinomial categorical variables, such as type of glaucoma, baseline lens status, and 160 

surgical procedure, were binarized using the most prevalent category as the reference level. 161 

We used Kaplan-Meir survival curves to calculate the overall cumulative incidence of 162 

hypotony and success based on the various IOP criteria. We clustered data for the patient 163 

identification number to account for the inclusion of two eyes of the same patient, and a 164 

robust variance estimate based on the infinitesimal jackknife estimate was used to calculate 165 

unbiased standard errors.30 We conducted analyses separately for each criterion and type of 166 

hypotony (i.e., numerical, clinical, mixed). We generated Venn diagrams to visualize the 167 

relationships between clinical hypotony and hypotony failure criteria most commonly 168 

reported in the literature. We calculated the sensitivity and specificity of each numerical 169 

criterion to diagnose the presence of hypotony complications. We ran clustered Cox 170 

regression analyses with robust variance estimation (to account for within-data correlations) 171 

to test differences between groups and estimate the risk of failure according to the various 172 

criteria when having no hypotony failure criterion as a reference. We employed the Tukey 173 

method for pairwise comparison.  174 
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RESULTS 175 

 176 

Systematic Review 177 

  We initially identified 2,503 studies through the database search (Figure 1). After 178 

excluding 201 studies with duplicate information and 24 studies not in English, we screened 179 

2,278 unique abstracts. Among these, 291 abstracts met the eligibility criteria and underwent 180 

full-text review. From the eligible studies, thirteen studies were further excluded due to 181 

reasons such as duplicated information (n=6), unavailability of full text (n=3), absence of 182 

reported success rates (n=2), cross-sectional design (n=1), and the use of a suprachoroidal 183 

device (n=1). Hypotony failure definitions were extracted from the remaining 278 articles. 184 

Out of the included studies, 99 (35.6%) did not use any hypotony failure criteria. 185 

Numerical hypotony was the most commonly adopted failure criterion, present in 157 studies 186 

(56.5%). Only a small number of studies incorporated clinical complications of hypotony as 187 

failure criteria, either in isolation (3 studies [1.1%]) or in combination with a low IOP cutoff 188 

(19 studies [6.8%]). When the prevalence of hypotony failure criteria was stratified as a 189 

function of the year of publication (Figure S2), the proportion of studies with no hypotony 190 

failing criteria progressively decreased from 61.5% in 2010 to 8.3% in 2022. Conversely, the 191 

proportion of studies using numerical hypotony progressively increased from 30.8% in 2010 192 

to 75% in 2022. The use of mixed hypotony and clinical hypotony was inconsistent and did 193 

not follow any trend. 194 

Figure S3 illustrates that a total of forty-nine specific hypotony failure criteria were 195 

identified, with IOP<6 mmHg, IOP<6 mmHg on ≥2 consecutive visits after 3 months from 196 

surgery, and IOP<5 mmHg being the most frequently used failure criteria in 41 (14.7%), 38 197 

(13.7%), and 13 (4.7%) studies, respectively. One of the 49 hypotony failure criteria (i.e., 198 

sustained IOP<5 mmHg)31, 32 could not be applied to our patient cohorts as the authors did 199 

not provide enough details to make them replicable, particularly with regards to the period of 200 

time required to define hypotony as “sustained”. 201 

 202 
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Patient Cohorts 203 

 A total of 934 eyes of 766 patients and 1,765 eyes of 1,385 patients were included in 204 

the trabeculectomy and deep sclerectomy cohorts, respectively. The median (IQR) follow-up 205 

was 41.4 (19.3 – 74.8) months and 45.4 (20.9 – 79.8) months in the trabeculectomy and DS 206 

cohort, respectively. Table 1 illustrates the demographic and clinical characteristics of the 207 

included patients. 208 

 209 

Hypotony incidence 210 

Figure 4 illustrates the cumulative incidence of hypotony in the two patient cohorts. In 211 

both cohorts, numerical hypotony (i.e., intraocular pressure thresholds only) had the highest 212 

cumulative incidence, followed by mixed hypotony (i.e., a combination of numerical and/or 213 

clinical criteria), and clinical hypotony (i.e., clinical manifestations of hypotony only). 214 

Differences in hypotony incidence, as estimated with different hypotony types, were 215 

statistically significant for all pairwise comparisons (p<0.001).  216 

With regards to the specific hypotony criteria (Table S2), the median (IQR) 5-year 217 

estimated incidence (95% CI) of hypotony was 18.9% (11.3%-30.2%) and 8.0% (5.1%-218 

16.8%) for the trabeculectomy and DS, respectively. Among the three most commonly used 219 

criteria in the literature (Table 3), IOP<6 mmHg led to the highest estimated 5-year incidence 220 

of hypotony, followed by IOP<5 mmHg, and, considerably lower, IOP<6 mmHg on ≥2 221 

consecutive visits after 3 months from surgery. Among clinical hypotony criteria, the use of 222 

hypotony complications led to the highest estimated 5-year incidence of hypotony, followed 223 

by hypotony maculopathy, and surgical reoperation for hypotony. As shown in Figure 5, a 224 

sizable proportion of patients categorized as “failed” due to hypotony with the two most used 225 

criteria (i.e., IOP<6 mmHg, IOP<6 mmHg on ≥2 consecutive visits after 3 months) did not 226 

experience any clinical complication. Conversely, only 4 (0.4%) and 5 (0.3%) patients in the 227 

trabeculectomy and DS cohorts, respectively, developed complications despite not meeting 228 

these numerical hypotony thresholds. Table 4 presents the sensitivity and specificity values 229 

of each numerical hypotony criterion for identifying clinical complications. No specific 230 
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criterion demonstrated strong diagnostic properties. In general, criteria that did not impose 231 

any time cutoff from the original surgery and did not require confirmation of IOP readings in 232 

subsequent visits tended to have higher sensitivity but lower specificity. This suggests that 233 

they were more likely to detect hypotony complications but also had a higher rate of false 234 

positives. Conversely, criteria that included a time cutoff from surgery and required low IOP 235 

in multiple visits or at the last visit tended to have higher specificity but lower sensitivity. 236 

These criteria were more precise in confirming hypotony complications but might miss early 237 

or transient hypotony complications. 238 

 239 

Surgical success rates by hypotony type 240 

Figure S6 and Table S5 illustrate the success rates of the two surgical procedures as 241 

a function of the type of hypotony. The 5-year success rates for trabeculectomy and DS 242 

were highest with no hypotony failure criteria (criteria A-D: trabeculectomy 40.9-23.2%; DS: 243 

62.4-15.0%), followed by clinical hypotony (criteria A-D: trabeculectomy 37.9-21.5%; DS: 244 

59.7-13.8%), mixed hypotony (criteria A-D: trabeculectomy 31.7-16.7%; DS: 54.2-11.7%), 245 

and numerical hypotony (criteria A-D: trabeculectomy 28.3-13.7%; DS: 52.6-11.0%).  246 

Figure S7 and Table S6 illustrate the results of the Cox regression analysis based on 247 

the hypotony type compared to having no hypotony failure criteria. In both cohorts, numerical 248 

hypotony posed the highest risk of labeling a patient as a failure (trabeculectomy HR 249 

between 1.51-1.41 for criteria A to D; p<0.001; DS HR between 1.46-1.21 for criteria A to D; 250 

p<0.001), followed by mixed hypotony (trabeculectomy HR between 1.40-1.31 for criteria A 251 

to D; p<0.001; DS HR between 1.41-1.20 for criteria A to D; p<0.001), and clinical hypotony 252 

(trabeculectomy HR between 1.12-1.09 for criteria A to D; p<0.001; DS HR between 1.10-253 

1.04 for criteria A to D; p<0.001). The impact of different hypotony criteria was considerably 254 

reduced with more stringent IOP upper cutoffs in the DS cohort, while it only slightly 255 

decreased in the trabeculectomy cohort. 256 

 257 

Surgical success rates by specific hypotony criteria 258 
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As shown in Figure S8 and Tables S7 and S8, estimated success rates varied greatly 259 

as a function of the specific hypotony criterion chosen. Among the three most commonly 260 

used criteria in the literature (Table 9), IOP<6 mmHg on ≥2 consecutive visits after 3 months 261 

from surgery led to the highest 5-year success rates for all criteria, followed by IOP<5 262 

mmHg, and IOP<6 mmHg. Regarding clinical hypotony (Table 9), the 5-year success rates 263 

were the highest using the presence of hypotony maculopathy, followed by surgical revision 264 

for hypotony, and hypotony complications.  265 

Figure S9 and Tables S10 and S11 detail the risk of failure using the various 266 

individual criteria having no hypotony failure criteria as a reference in the two cohorts of 267 

patients. Among the three most commonly used criteria, IOP<6 mmHg led to the highest risk 268 

of failure, followed by IOP<5 mmHg, and IOP<6 mmHg on ≥2 consecutive visits after 3 269 

months from surgery. When looking at clinical hypotony criteria, hypotony complications 270 

were significantly (p<0.001) associated with an increased risk of failure. Using hypotony  271 

maculopathy or revision for hypotony complications marginally increased the risk of failure 272 

compared to having no hypotony failure criteria.  273 



 
  

16 

DISCUSSION 274 

In this study, we conducted a systematic literature review to identify the definitions of 275 

hypotony used as failure criteria in glaucoma surgical outcome studies. We then applied the 276 

identified criteria to two large cohorts of patients undergoing trabeculectomy and DS surgery. 277 

We found that hypotony failure criteria were highly heterogeneous in the current literature, 278 

with 49 distinct criteria identified. Additionally, most studies either lacked hypotony failure 279 

criteria altogether or relied on numerical cutoffs, and only a few studies focused on clinically 280 

relevant hypotony manifestations. When we applied the various hypotony criteria to our two 281 

patient cohorts, we observed a substantial impact on the incidence of hypotony and the 282 

success rates. The choice of hypotony criterion significantly influenced the results, with the 283 

use of numerical hypotony only leading to a likely underestimation of true surgical success 284 

rates. This result is particularly meaningful given the long follow-up time, which would have 285 

allowed us to detect clinically significant consequences of hypotony.   286 

The goal of any glaucoma treatment is to slow glaucoma progression, preventing 287 

visual disability and loss of vision-related quality of life. As such, the use of visual field and 288 

its progression rates as a primary outcome for surgical success has been advocated.33, 34 289 

However, visual field progression has been infrequently used as a primary outcome in 290 

glaucoma surgical studies. Despite being an imperfect surrogate measure for disease 291 

progression, IOP control has been routinely used to gauge the success of surgical 292 

techniques. Historical studies, however, were highly heterogeneous in defining tonometric 293 

success, and the specific set of criteria used to define IOP control influenced estimated 294 

success rates.35 Historical literature gave little emphasis to hypotony, with most studies 295 

having no hypotony criteria.35 In 2009, the World Glaucoma Association (WGA) released a 296 

consensus document on designing and reporting glaucoma surgical studies to provide some 297 

standardization.7 The WGA consensus introduced a numerical hypotony criterion for failure, 298 

defining failure as an IOP<6 mmHg (preferably on two consecutive visits). The tube-versus-299 

trabeculectomy (TVT) study36 chose to adopt variations of the WGA hypotony criteria, 300 

introducing a window of three months from the original surgery to overcome the impact of 301 
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early hypotony. Early hypotony may be relatively frequent after glaucoma surgery, and the 302 

IOP behavior in the early postoperative visits may not reflect long-term IOP control. As a 303 

consequence of the WGA guidelines and study design of milestone studies, the number of 304 

studies incorporating some form of hypotony failure criteria progressively increased over 305 

time, with fewer than one in ten studies lacking such criteria in 2022. Our work also revealed 306 

that the heterogeneity in hypotony failure criteria remains very high in the current literature, 307 

with approximately one diverse criterion in every five published studies. One-third of the 308 

studies used an IOP threshold similar to those recommended by the WGA (IOP<6 mmHg or 309 

IOP≤6 mmHg) or the TVT study. This finding, in conjunction with the progressive 310 

incorporation of hypotony failure criteria, confirms that consensus documents and milestone 311 

studies have the potential to impact research methods and the clinical care of glaucoma. 312 

 Although the use of a numerical cutoff is simple and convenient, recent studies13, 14 313 

have shown that numerical hypotony is a poor surrogate for the presence of clinically 314 

significant hypotony. In our study (Figure 5), most patients with numerical hypotony did not 315 

develop any complications. Conversely, approximately 0.3-0.4% of patients with no 316 

numerical hypotony experienced hypotony complications. This finding aligns with previous 317 

studies indicating higher risk of complication, such as hypotony maculopathy, choroidal 318 

hemorrhage, or choroidal effusion, in certain patient categories. These include young 319 

patients with more elastic sclera, myopes with thinner sclera, and vitrectomized patients 320 

lacking vitreous body support for the sclera.14, 15, 37 In these patients, hypotony complications 321 

may occur at IOP values considered 'normal' by a numerical definition of hypotony. 322 

Therefore, numerical hypotony is neither sufficient nor necessary to develop hypotony 323 

complications. We found that the use of clinical hypotony as a criterion for failure is very 324 

uncommon, with no evident increasing trend in recent years. This suggests that recent 325 

articles pointing out the fallacy of numerical hypotony did not impact the reporting of results 326 

and interpretation of glaucoma surgical studies. A new consensus to redefine hypotony 327 

failure focusing on clinically relevant complications is indicated. 328 
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 The proper definition of clinical hypotony to be considered as a criterion for failure is 329 

also uncertain. Most studies incorporating hypotony sequelae as a criterion for failure also 330 

demanded a low IOP cutoff. While this is certainly an improvement over pure numerical 331 

hypotony, the presence of a cutoff may mistakenly label as a success those susceptible 332 

eyes developing potentially sight-threatening complications despite IOP values above the 333 

predefined cutoffs. In our systematic review, we found only three studies using clinical 334 

complications due to hypotony, regardless of IOP values, as a criterion for failure. One 335 

study38 defined hypotony failure as the presence of any hypotony complications. The 336 

occurrence of a complication from hypotony indicates that a specific eye is not tolerating the 337 

specific IOP value at which the complication occurred. Therefore, specific IOP values above 338 

usual thresholds can be harmful for these eyes. Most hypotony complications, such as 339 

shallow AC or peripheral choroidal effusion, are not uncommon in the early postoperative 340 

period. These complications are typically transient and self-limiting, and while they can 341 

cause transient VA reduction, they do not usually result in permanent vision loss. Another 342 

study18 used hypotony maculopathy to define failure. However, hypotony maculopathy as a 343 

sole criterion for hypotony failure has limitations. The prevalence of hypotony maculopathy 344 

varies depending on the method of diagnosis. Optical coherence tomography (OCT) studies 345 

have shown that subclinical maculopathy with chorioretinal undulations can be found in up to 346 

15% of patients after trabeculectomy, with many cases undetected with fundus photography 347 

and dilated fundus examination.39 The proportion of patients with early, non-visually 348 

significant maculopathy developing visually significant maculopathy is unknown. Additionally, 349 

peripheral macular folds distant from the foveal region may go unnoticed by the patient 350 

despite being visible on fundus examination. We argue that the use of only hypotony 351 

maculopathy is not comprehensive enough; other complications, such as suprachoroidal 352 

hemorrhage, hypotony keratopathy, and kissing choroidals, may also lead to permanent 353 

vision loss and should be regarded as a failure. A third study40 defined failure as the 354 

occurrence of surgical revision for clinically significant hypotony. While this criterion may 355 

seem appropriate as it encompasses cases where intervention was deemed necessary due 356 
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to a serious complication or non-resolving condition, some considerations should be made. 357 

The threshold for surgical intervention may vary among different surgeons. Some 358 

complications, such as suprachoroidal hemorrhage, may resolve spontaneously without 359 

intervention but could still lead to irreversible vision loss.  360 

A clinical complication related to hypotony should be considered a criterion for failure 361 

only if it poses a substantial threat to vision and is associated with a decline in visual acuity. 362 

We propose that severe hypotony-related complications be classified as failure criteria. 363 

These include persistent large or kissing choroidals, clinically significant hypotony 364 

maculopathy, extensive suprachoroidal hemorrhage, appositional suprachoroidal 365 

hemorrhage, suprachoroidal hemorrhage associated with retinal detachment or vitreous 366 

hemorrhage, flat anterior chamber (AC) with central iridocorneal touch, hypotony 367 

keratopathy with pronounced corneal edema, or any hypotony complication necessitating 368 

revision surgery. Conversely, milder complications that either spontaneously regress without 369 

intervention or have no impact on vision should be documented but not deemed failures. 370 

Examples of these milder complications include peripheral choroidal effusion, small and 371 

peripheral suprachoroidal hemorrhage, shallow AC without central iris-corneal contact, 372 

subclinical hypotony maculopathy, hypotony keratopathy with Descemet folds and a clear 373 

cornea, and decompression retinopathy. Determining the exact impact of a specific 374 

complication on visual acuity can be challenging, especially when multiple concurrent 375 

complications or confounding factors like postoperative astigmatism and underlying ocular 376 

conditions are present. Additionally, there may be some ambiguity in defining clinical 377 

complications. For example, choroidal detachments clinically categorized as choroidal 378 

effusions may also include echographically detectable choroidal hemorrhages. 379 

 Our findings also highlight that specific hypotony criteria influence the categorization 380 

of eyes as hypotonus. This observation is consistent with a previous study conducted by 381 

Abbas and colleagues.20 Additionally, we demonstrated that the calculated success rates of 382 

glaucoma surgery significantly varied as a function of the chosen hypotony failure criterion. 383 

In general, numerical hypotony and, to a lesser degree, mixed hypotony resulted in a higher 384 
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incidence of hypotony and an elevated risk of failure compared to clinical hypotony. This 385 

outcome was not unexpected, given that only a minority of patients with numerical hypotony 386 

will encounter complications, as indicated by our study and others.14, 15 When looking at 387 

distinct hypotony criteria, several trends emerged. The risk of failure by hypotony criteria 388 

considerably decreased when low IOP was required in two consecutive visits. For instance, 389 

the HR for the risk of such failure for criterion A was 1.97 for trabeculectomy and 1.35 for DS 390 

when the hypotony failure criterion was IOP<6 mmHg in two consecutive visits. The risk 391 

further decreases when early low IOP readings were not used to define failure. Transient 392 

numerical hypotony is common after glaucoma surgery, especially in the immediate 393 

postoperative phase, with most eyes not encountering complications. For IOP<6 mmHg in 394 

two consecutive visits after 3 months, the HR for criterion A compared to having no hypotony 395 

failure criteria was 1.35 for trabeculectomy and 1.22 for DS. While we advise against treating 396 

it as a criterion for failure, we acknowledge the value of reporting the prevalence of eyes with 397 

chronic numerical hypotony. This information provides readers with an estimate of the 398 

proportion of patients potentially at risk of hypotony complications from a specific surgical 399 

technique. Furthermore, it may be worth considering the inclusion of CCT in the definition of 400 

numerical hypotony, as CCT can influence IOP measurements. The same IOP value could 401 

imply varying risks of complications depending on the CCT.41 However, integrating CCT into 402 

the definition of numerical hypotony is not straightforward. Formulas designed to adjust IOP 403 

readings based on CCT have been imprecise,42 and the impact of corneal biomechanical 404 

properties on measured IOP extends beyond mere thickness. This study highlights the need 405 

for consensus and standardization in defining and reporting chronic hypotony. 406 

This study does not provide an answer to the ultimate question of whether the use of 407 

different hypotony criteria could impact the proper interpretation of the results of a clinical 408 

study comparing the outcomes of two surgical techniques. This question is particularly 409 

relevant when comparing a highly effective technique that achieves low IOP values with less 410 

potent operations. In the 5-year results of the TVT study, 40% and 54% of failures in the 411 

trabeculectomy and tube arm, respectively, were attributed to inadequate IOP reduction; 412 
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conversely, 31% and 13% of failures in the trabeculectomy and tube arm were due to 413 

numerical hypotony. The TVT authors conducted an alternate analysis that incorporated a 414 

decrease in VA from baseline alongside their hypotony criterion. This marginally affected 415 

their estimated success rates, leaving the overall direction of the study results unchanged. 416 

However, we believe that this alternative criterion, which is essentially what we referred to as 417 

"mixed hypotony" in our study, has its limitations. A reduction in visual acuity following 418 

glaucoma surgery can be caused by factors not directly related to clinical hypotony, such as 419 

the progression of postoperative cataract or a change in astigmatism. Of note, in the TVT 420 

study, visual acuity declined over the 5-year post-intervention period for both tube and 421 

trabeculectomy patients, and this decline was comparable among patients, regardless of 422 

whether they experienced complications.43 The frequency of hypotony complications was 423 

evenly distributed between the two arms.43 Similar considerations may be even more 424 

relevant to the primary TVT, where the difference in success rates between the tube and 425 

trabeculectomy arms was smaller and, therefore, more susceptible to changes resulting from 426 

adopting a clinical definition of hypotony.44, 45 This issue becomes even more pertinent when 427 

considering recent plate-less bleb-forming devices. For instance, a recent multicenter 428 

retrospective study comparing trabeculectomy and Microshunt implant outcomes, employed 429 

a numerical criterion for failure (i.e., IOP<5 mmHg in two consecutive visits after 3 months). 430 

At the 18-month mark, failure rates for trabeculectomy and Microshunt were 35% and 25%, 431 

respectively. Inadequate IOP reduction was responsible for 84% of Microshunt failures and 432 

58% of trabeculectomy failures; in contrast, numerical hypotony accounted for 29% of 433 

trabeculectomy failures and 0% for Microshunt. The study's authors acknowledged that 434 

approximately 43% of hypotony cases were not associated with complications or a decrease 435 

in VA. Therefore, utilizing only serious hypotony-related complications as a criterion for 436 

failure would change the reported results, interpretation and clinical implications of these 437 

studies. 438 

Trabeculectomy and DS are both well-established and effective techniques for 439 

managing glaucoma patients.27, 46-48 The purpose of this study is not to conduct a direct 440 
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comparison between different surgical techniques. Instead, the study aims to emphasize that 441 

hypotony failure criteria can impact surgical success rates in two geographically distinct 442 

study cohorts. We caution the reader not to directly compare the success rates of these two 443 

cohorts, as success rates are influenced by significantly diverse patient populations. Of note, 444 

the trabeculectomy cohort had a significantly higher prevalence of risk factors for failure, 445 

including non-white ethnicities, secondary glaucoma, low preoperative IOP values, and a 446 

history of prior glaucoma, corneal, and/or retinal surgeries. Furthermore, there may be 447 

additional differences in unobserved variables, which may only be adequately addressed 448 

within a randomized controlled trial. 449 

In conclusion, hypotony failure criteria are highly heterogeneous in the current 450 

literature, with very few studies focusing on clinically relevant complications. Surgical 451 

success rates are considerably influenced by the hypotony criterion chosen; the use of 452 

numerical hypotony underestimates surgical success rates. The standardization of glaucoma 453 

surgical failure criteria with an emphasis on clinically relevant complications is indicated.  454 
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FIGURE LEGENDS 590 

 591 

Figure 1. PRISMA flowchart illustrating the number of glaucoma studies identified and 592 

included in the analysis. 593 

 594 

Figure 4. Kaplan-Meier curves representing the cumulative incidence of hypotony as a 595 

function of the type of hypotony (i.e., clinical, mixed, and numerical) in the trabeculectomy 596 

(left panel) and deep sclerectomy (right panel) cohorts. 597 

 598 

Figure 5. Venn diagram illustrating the 5-year occurrence of hypotony as defined by three 599 

distinct criteria. Proportions are calculated on the entire trabeculectomy (n=934) and deep 600 

sclerectomy (n=1,765) cohort. 601 
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Table 1.  Demographic and clinical characteristics of included patients.  

 Trabeculectomy DS p-value 

No. Eyes/Patients 934 / 766 1765 / 1385  

Age, years, mean ± SD 74.4 ± 10.6 73.1 ± 12.4 0.009 

Race and Ethnicity, n (%)   <0.001 

Asian  104 (13.6%) 29 (2.1%)  

Black 90 (11.8%) 28 (2.0%)  

LatinoWhite  73 (9.5%)432 (56.4%) 
0 (0%)1327 

(95.8%) 
 

White Asian  
432 (56.4%)104 

(13.6%) 

1327 

(95.8%)29 

(2.1%) 

 

Other 37 (4.8%) 1 (0.1%)  

Unknown 30 (3.9%) 0 (0%)  

Gender, female (%) 431 (56.3%) 696 (50.3%) <0.001 

Eye, right / left 472 / 462 879 / 886 0.68 

CCT, μm, mean ± SD 542 ± 44 527 ± 40 <0.001 

Baseline BCVA, logMAR, 

median (IQR) 
0.2 (0.4 – 0.10) 0.2 (0.0 – 0.5) 0.91 

Baseline IOP, mmHg, median 

(IQR) 
17 (13 – 23) 22 (19 – 26) <0.001 

Baseline MD, dB, median 

(IQR) 
-12.5 (- 6.2 to -19.3) 

-10.7 (-5.6 to -

17.2) 
0.20 

Number of glaucoma topical 

agents, median (IQR) 
3 (3 – 4) 2 (2 – 3) <0.001 

Systemic acetazolamide, no 

eyes (%) 
102 (10.9%) 44 (2.5%) <0.001 
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Glaucoma type, no eyes (%)   <0.001 

POAG/NTG 642 (68.7%) 1,518 (86.0%)  

Pseudoexfoliative glaucoma 114 (12.2%) 84 (4.8%)  

PACG 84 (9.0%) 46 (2.6%)  

Pigmentary glaucoma 22 (2.4%) 25 (1.4%)  

Uveitic 21 (2.2%) 60 (3.4%)  

PCG 1 (0.1%) 7 (0.4%)  

Other secondary glaucoma 50 (5.4%) 21 (1.2%)  

Unknown 0 (0%) 4 (0.2%)  

Lens status, no eyes (%)   <0.001 

Phakic  417 (44.7%) 1519 (86.1%)  

PCIOL 506 (54.2%) 244 (13.8%)  

ACIOL 6 (0.6%) 0 (0%)  

Aphakic 4 (0.4%) 2 (0.1%)  

Unknown 1 (0.1%) 0 (0%)  

Previous LTP, no eyes (%) 296 (31.7%) 44 (2.5%) <0.001 

Previous glaucoma surgery, 

no eyes (%) 
209 (22.4%) 129 (7.3%) <0.001 

Previous VR Surgery, no eyes 

(%) 
45 (4.8%) 32 (1.8%) <0.001 

Previous corneal 

transplantation 
27 (2.9%) 3 (0.2%) 0.18 

Surgery performed, no eyes 

(%) 
  <0.001 

  Stand-alone 825 (88.3%) 1075 (60.9%)  

  Combined with CEIOL 105 (11.3%) 689 (39.0%)  



 

Combined with Express 

removal 
2 (0.2%) 0 (0%)  

Combined with Xen removal 1 (0.1%) 0 (0%)  

Combined with anterior 

vitrectomy  
1 (0.1%) 0 (0%)  

Combined with ACIOL  0 (0%) 1 (0.1%)  

ACIOL: anterior chamber intraocular lens; BCVA: best-corrected visual acuity; CCT: central 

corneal thickness; CEIOL: cataract extraction and intraocular lens implantation; DS: deep 

sclerectomy; IQR: interquartile range; IOP: intraocular pressure; LTP: laser trabeculoplasty; 

MD: mean deviation; NTG: normal-tension glaucoma; OHT: ocular hypertension; PACG: 

primary angle-closure glaucoma; PCG: primary congenital glaucoma; PCIOL: posterior 

chamber intraocular lens; POAG: primary open-angle glaucoma; SD: Standard deviation; VR: 

vitreoretinal. 



Table 3. Five-year incidence of hypotony calculated using some selected hypotony criteria.  

 Trabeculectomy Deep Sclerectomy  

Trabeculectomy Estimate 
(95% CI) 

Estimate 
(95% CI) 

IOP<5 mmHg (any visit) 
49.6% 

(45.8-53.1%) 
43.0% 

(40.2-45.6%) 

IOP<6 mmHg (any visit) 
60.3% 

(56.4-63.8%) 
51.2% 

(48.4-53.8%) 

IOP<6 mmHg (2 consecutive visits after >3 months 
from surgery) 

21.9% 
(18.5-25.3%) 

8.5% 
(6.8-10.2%) 

Hypotony Maculopathy 
3.5% 

(2.1-4.9%) 
3.0% 

(1.9-4.0%) 

Hypotony complications 
13.0% 

(10.7-15.3%) 
7.3% 

(5.0.8-8.7%) 

Revision for hypotony  
4.9% 

(3.3-6.5%) 
2.3% 

(1.3-3.4%) 

CI: confidence interval; IOP: intraocular pressure. 
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Table 4. Sensitivity and specificity of the various numerical criteria to identify clinical complications 

 Trabeculectomy Deep sclerectomy  

Hypotony criteria Sensitivity Specificity Sensitivity Specificity 

IOP<4mmHg (any visit) 68.9% 74.2% 77.3% 72.7% 

IOP<4 mmHg (any visit after >2 months) 32.8% 86.9% 39.5% 93.0% 

IOP<4 mmHg (last visit) 5.9% 97.1% 2.5% 98.6% 

IOP<4mmHg (2 consecutive visits) 43.7% 89.6% 27.7% 95.9% 

IOP<5 mmHg (any visit) 87.4% 58.9% 88.2% 62.1% 

IOP<5 mmHg (any visit after >4 weeks) 52.9% 72.0% 48.7% 87.7% 

IOP<5mmHg (any visit after >3 months) 43.7% 77.3% 42.0% 90.0% 

IOP<5mmHg (any visit after ≥6 months) 36.1% 79.9% 36.1% 91.3% 

IOP<5mmHg (2 consecutive visits) 56.3% 79.5% 42.9% 91.1% 

IOP<5mmHg (2 consecutive visits after >1 month) 31.1% 85.5% 25.2% 95.3% 

IOP<5mmHg (2 consecutive visits after >3 months) 10.9% 96.7% 21.0% 96.4% 

IOP<5mmHg (2 consecutive visits after >3 months or last visit) 17.6% 91.4% 22.7% 95.2% 

IOP<5mmHg (last visit) 12.6% 93.1% 4.2% 97.8% 

IOP<6 mmHg (any visit) 96.6% 49.4% 95.8% 53.6% 

IOP<6mmHg (any visit after >1 month) 65.5% 63.3% 55.5% 82.3% 

IOP<6mmHg (2 consecutive visits) 66.4% 71.0% 52.9% 85.6% 

IOP<6mmHg (2 consecutive visits after >1 week) 57.1% 73.0% 50.4% 86.0% 

IOP<6mmHg (2 consecutive visits after >1 month) 42.0% 79.4% 35.3% 91.6% 

IOP<6mmHg (2 consecutive visits after >6 weeks) 38.7% 81.2% 31.9% 92.5% 

IOP<6 mmHg (2 consecutive visits after >3 months) 31.9% 84.2% 30.3% 94.0% 

IOP<6mmHg after >3 months and confirmed >1 month later 21.0% 86.4% 24.4% 95.5% 

IOP<6mmHg (2 consecutive visits >6 months) 25.2% 86.1% 26.9% 95.0% 

IOP<6mmHg (for >2 months) 25.2% 86.0% 25.2% 94.8% 

IOP<6mmHg (2 consecutive visits for ≥2 months after >1 week) 25.2% 86.1% 24.4% 95.0% 

IOP<6mmHg (2 consecutive visits ≥3 weeks apart) 32.8% 81.7% 33.6% 92.0% 

IOP<6mmHg for >6 months 15.1% 91.9% 18.5% 96.5% 

IOP<6mmHg (last visit) 16.0% 89.8% 8.4% 96.2% 

IOP<8mmHg (last visit) 25.2% 77.9% 16.0% 90.3% 

IOP<10mmHg (any visit) 100% 11.9% 98.3% 26.1% 

CI: confidence interval; IOP: intraocular pressure. 
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Table 9. Five-year success rates calculated using some selected hypotony criteria.  

 Criteria A  Criteria B  Criteria C Criteria D 

Trabeculectomy Estimate 
(95% CI) 

Estimate 
(95% CI) 

Estimate 
(95% CI) 

Estimate 
(95% CI) 

IOP<5 mmHg (any 
visit) 

19.5% 
(16.6-22.9%) 

17.8% 
(15-21.2%) 

13.1% 
(10.6-16.2%) 

8.5% 
(6.5-11.2%) 

IOP<6 mmHg (any 
visit) 

13.2% 
(10.7-16.2%) 

11.7% 
(9.3-14.7%) 

8.0% 
(6.0-10.7%) 

5.3% 
(3.7-7.6%) 

IOP<6 mmHg (2 
consecutive visits 
after >3 months from 
surgery) 

29.1% 
(25.6-33.1%) 

27.3% 
(23.8-31.2%) 

19.8% 
(16.7-23.6%) 

13.3% 
(10.6-16.7%) 

Hypotony 
Maculopathy 

39.3% 
(35.5-43.5%) 

37.4% 
(33.6-41.6%) 

29.6% 
(25.9-33.8%) 

21.9% 
(18.7-25.8%) 

Hypotony 
complications 

35.5% 
(31.8-39.6%) 

33.8% 
(30.1-38.0%) 

26.9% 
(23.4-31.0%) 

20.5% 
(17.3-24.2%) 

Revision for 
hypotony  

38.8% 
(35.0-43.0%) 

36.7% 
(33.0-40.9%) 

29.1% 
(25.4-33.2%) 

22.1% 
(18.8-25.9%) 

Deep Sclerectomy     

IOP<5 mmHg (any 
visit) 

35.0% 
(32.4-37.9%) 

31.0% 
(28.4-33.8%) 

17.8% 
(15.6-20.2%) 

5.7% 
(4.3-7.5%) 

IOP<6 mmHg (any 
visit) 

29.7% 
(27.2-32.4%) 

26.2% 
(23.8-28.9%) 

14.4% 
(12.5-16.7%) 

4.2% 
(3-5.9%) 

IOP<6 mmHg (2 
consecutive visits 
after >3 months from 
surgery) 

56.2% 
(53.3-59.3%) 

51.0% 
(48.0-54.1%) 

32.7% 
(30,0-35.7%) 

11.7% 
(9.9-13.9%) 

Hypotony 
Maculopathy 

60.4% 
(57.5-63.4%) 

54.9% 
(52.0-58.0%) 

35.9% 
(33.2-38.9%) 

13.8% 
(11.8-16.2%) 

Hypotony 
complications 

57.8% 
(55-60.8%) 

52.6% 
(49.7-55.6%) 

34.3% 
(31.5-37.3%) 

13.1% 
(11.1-15.4%) 

Revision for 
hypotony  

60.7% 
(57.9-63.7%) 

55.2% 
(52.3-58.3%) 

36.1% 
(33.3-39.1%) 

14.4% 
(12.3-16.7%) 

CI: confidence interval; IOP: intraocular pressure. 
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Figure S2. Proportion of types of hypotony used as failure criteria in the included studies 

over time.
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Figure S3. Bar plot illustrating the frequency of individual hypotony definitions used as failure criteria in 

the included studies. AC: anterior chamber; HM: hypotony maculopathy; IOP: intraocular pressure; SCH: 

suprachoroidal hemorrhage; VA: visual acuity.
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Figure S6. Kaplan-Meier success rates for different composite criteria categorized by the type of hypotony (clinical, mixed, and numerical) as a failure criterion in the trabeculectomy (top 

row) and deep sclerectomy (bottom row) groups.
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Figure S7. Forest plot displaying the risk of failure for various composite criteria, differentiated by the type of hypotony (clinical, mixed, and 

numerical) used as a failure criterion, in comparison to having no hypotony failure criteria. Dots and bars represent hazard ratios (HRs) and 95% 

confidence intervals (95% CIs).
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Figure S8. Kaplan-Meier success rates for the various composite criteria stratified as a function of the individual hypotony failure criterion in the trabeculectomy (top row) and deep 

sclerectomy (bottom row) arm.
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IOP<6mmHg (2 consecutive visits) WITH hypotony maculopathy
IOP<6mmHg (2 consecutive visits) OR SCH, kissing choroidals, choroidals drainage

IOP<6mmHg (2 consecutive visits) WITH loss of >=2 Snellen lines
IOP<6mmHg (any visit) OR revision required

IOP<6mmHg (any visit) WITH hypotony maculopathy
IOP<6mmHg (any visit) WITH hypotony complications

IOP<6mmHg (any visit) WITH loss of >=2 Snellen lines
IOP<5mmHg WITH loss of >=2 Snellen lines (2 consecutive visits)

IOP<5mmHg (2 visits) AND anatomic changes
IOP<5mmHg (any visit) WITH loss of >=2 Snellen lines

IOP<5mmHg (any visit) WITH reduced VA, shallow AC, HM, choroidals
IOP<4mmHg (2 consecutive visits) OR revision required

IOP<10mmHg (any visit)
IOP<6mmHg (last visit)
IOP<8mmHg (last visit)

IOP<6mmHg for >6 months
IOP<6mmHg (2 consecutive visits >=3 weeks apart)

IOP<6mmHg (2 consecutive visits for >=2 months after >1 week)
IOP<6mmHg (for >2 months)

IOP<6mmHg (2 consecutive visits >6 months)
IOP<6mmHg after >3 months and confirmed >1 month later

IOP<6mmHg (2 consecutive visits after >3 months)
IOP<6mmHg (2 consecutive visits after >6 weeks)
IOP<6mmHg (2 consecutive visits after >1 month)
IOP<6mmHg (2 consecutive visits after >1 week)

IOP<6mmHg (2 consecutive visits)
IOP<6mmHg (any visit after >1 month)

IOP<6mmHg (any visit)
IOP<5mmHg (last visit)

IOP<5mmHg (2 consecutive visits after >3 months or last visit)
IOP<5mmHg (2 consecutive visits after >3 months)
IOP<5mmHg (2 consecutive visits after >1 month)

IOP<5mmHg (2 consecutive visits)
IOP<5mmHg (any visit after >=6 months)

IOP<5mmHg (any visit after >3 months)
IOP<5 mmHg (any visit after >4 weeks)

IOP<5mmHg (any visit)
IOP<4mmHg (2 consecutive visits)

IOP<4 mmHg (last visit)
IOP<4 mmHg (any visit after >2 months)

IOP<4mmHg (any visit)
Revision for clinically significant hypotony

Hypotony Maculopathy
Hypotony Complications
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Hazard Ratio (95% CI)

Figure S9. Forest plot illustrating the risk of failure for various composite criteria, categorized by the individual hypotony criterion used 

to define failure. Dots and bars represent hazard ratios (HRs) and 95% confidence intervals (95% CIs). AC: anterior chamber; HM:

hypotony maculopathy; IOP: intraocular pressure; SCH: suprachoroidal hemorrhage; VA: visual acuity.
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Table S2. Five-year incidence of hypotony calculated using the various literature-based hypotony failure criteria in the 
trabeculectomy cohort 
 Trabeculectomy Deep sclerectomy  
Hypotony criteria Estimate 

(95% CI) 
Estimate 
(95% CI) 

Hypotony complications 13.0% 
(10.7-15.3%) 

7.3% 
(5.0.8-8.7%) 

Hypotony Maculopathy 3.5% 
(2.1-4.9%) 

3.0% 
(1.9-4.0%) 

Revision for hypotony  4.9% 
(3.3-6.5%) 

2.3% 
(1.3-3.4%) 

IOP<4mmHg (any visit) 33.4% 
(29.8-36.8%) 

31.7% 
(29.2-34.1%) 

IOP<4 mmHg (any visit after >2 months) 18.7% 
(15.4-21.9%) 

10.6% 
(8.7-12.3%) 

IOP<4 mmHg (last visit) 3.3% 
(1.8-4.8%) 

0.8% 
(0.3-1.4%) 

IOP<4mmHg (2 consecutive visits) 16.4% 
(13.6-19%) 

6.0% 
(4.8-7.3%) 

IOP<5 mmHg (any visit) 49.6% 
(45.8-53.1%) 

43.0% 
(40.2-45.6%) 

IOP<5 mmHg (any visit after >4 weeks) 35.7% 
(31.8-39.3%) 

16.6% 
(14.4-18.8%) 

IOP<5mmHg (any visit after >3 months) 29.9% 
(26.2-33.5%) 

14.2% 
(12.1-16.3%) 

IOP<5mmHg (any visit after ≥6 months) 27.0% 
(23.3-30.5%) 

12.8% 
(10.7-14.8%) 

IOP<5mmHg (2 consecutive visits) 27.5% 
(24.1-30.8%) 

11.4% 
(9.7-13.1%) 

IOP<5mmHg (2 consecutive visits after >1 month) 19.0% 
(15.8-22.1%) 

6.6% 
(5.1-8.0%) 

IOP<5mmHg (2 consecutive visits after >3 months) 5.5% 
(3.5-7.5%) 

5.3% 
(3.9-6.7%) 

IOP<5mmHg (2 consecutive visits after >3 months or last visit) 11.4% 6.2% 
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(8.7-14.0%) (4.7-7.7%) 

IOP<5mmHg (last visit) 7.8% 
(5.5-10.0%) 

1.6% 
(0.8-2.5%) 

IOP<6 mmHg (any visit) 60.3% 
(56.4-63.8%) 

51.2% 
(48.4-53.8%) 

IOP<6mmHg (any visit after >1 month) 47.5% 
(43.4-51.3%) 

22.9% 
(20.4-25.3%) 

IOP<6mmHg (2 consecutive visits) 36.9% 
(33.2-40.4%) 

18.0% 
(15.9-20.1%) 

IOP<6mmHg (2 consecutive visits after >1 week) 34.2% 
(30.5-37.7%) 

17.6% 
(15.4-19.6%) 

IOP<6mmHg (2 consecutive visits after >1 month) 27.2% 
(23.5-30.7%) 

11.1% 
(9.3-12.9%) 

IOP<6mmHg (2 consecutive visits after >6 weeks) 25.0% 
(21.4-28.5%) 

10.1% 
(8.3-11.8%) 

IOP<6 mmHg (2 consecutive visits after >3 months) 21.9% 
(18.5-25.3%) 

8.5% 
(6.8-10.2%) 

IOP<6mmHg after >3 months and confirmed >1 month later 17.7% 
(14.4-20.9%) 

6.2% 
(4.7-7.6%) 

IOP<6mmHg (2 consecutive visits >6 months) 19.7% 
(16.4-23%) 

7.3% 
(5.7-8.9%) 

IOP<6mmHg (for >2 months) 18.3% 
(15.0-21.5%) 

6.7% 
(5.1-8.2%) 

IOP<6mmHg (2 consecutive visits for ≥2 months after >1 week) 18.2% 
(14.9-21.4%) 

6.4% 
(4.9-7.8%) 

IOP<6mmHg (2 consecutive visits ≥3 weeks apart) 23.0% 
(19.5-26.3%) 

10.1% 
(8.3-11.9%) 

IOP<6mmHg for >6 months 11.5% 
(8.7-14.3%) 

3.9% 
(2.7-5.1%) 

IOP<6mmHg (last visit) 10.8% 
(8.3-13.3%) 

2.7% 
(1.6-3.7%) 

IOP<8mmHg (last visit) 20.0% 
(16.7-23.2%) 

8.4% 
(6.6-10.2%) 

IOP<10mmHg (any visit) 92.0% 78.4% 



(89.7-93.8%) (76.0-80.6%) 

IOP<4mmHg (2 consecutive visits) OR revision required 18.3% 
(15.4-21.1%) 

7.5% 
(6.0-9.0%) 

IOP<5mmHg (any visit) WITH reduced VA, shallow AC, HM, choroidals 30.8% 
(27.3-34.1%) 

23.8% 
(21.5-26.0%) 

IOP<5mmHg (any visit) WITH loss of ≥2 Snellen lines 29.5% 
(26.1-32.8%) 

23.0% 
(20.8-25.2%) 

IOP<5mmHg (2 visits) AND anatomic changes 4.7% 
(3.2-6.1%) 

1.1% 
(0.4-1.7%) 

IOP<5mmHg WITH loss of ≥2 Snellen lines (2 consecutive visits) 12.5% 
(9.9-15%) 

4.8% 
(3.7-5.9%) 

IOP<6mmHg (any visit) WITH loss of ≥2 Snellen lines 36.3% 
(32.5-39.8%) 

27.0% 
(24.7-29.3%) 

IOP<6mmHg (any visit) WITH hypotony complications 6.9% 
(5.1-8.7%) 

6.0% 
(4.7-7.3%) 

IOP<6mmHg (any visit) WITH hypotony maculopathy 1.9% 
(0.8-3.0%) 

2.5% 
(1.5-3.4%) 

IOP<6mmHg (any visit) OR revision required 60.4% 
(56.5-63.9%) 

51.2% 
(48.4-53.7%) 

IOP<6mmHg (2 consecutive visits) WITH loss of ≥2 Snellen lines 15.4% 
(12.6-18.1%) 

9.1% 
(7.5-10.6%) 

IOP<6mmHg (2 consecutive visits) OR SCH, kissing choroidals, choroidals drainage 37.3% 
(33.6-40.9%) 

18.3% 
(16.2-20.4%) 

IOP<6mmHg (2 consecutive visits) WITH hypotony maculopathy 0.8% 
(0.2-1.5%) 

1.4% 
(0.7-2.1%) 

IOP<6mmHg for two weeks OR severe choroidal effusion/hemorrhage 26.2% 
(22.6-29.6%) 

11.1% 
(9.3-12.9%) 

IOP<6mmHg (2 consecutive visits after >3 months) WITH loss of ≥2 Snellen lines 10.4% 
(7.9-12.9%) 

3.8% 
(2.6-4.9%) 

IOP<6mmHg (last 2 visits) OR SCH, kissing choroidals, choroidals drainage 7.3% 
(5.1-9.5%) 

0.9% 
(0.4-1.3%) 

IOP<6mmHg for >6 months OR requiring intervention for hypotony 15.0% 
(11.9-18.0%) 

5.2% 
(3.8-6.6%) 



AC: anterior chamber; CI: confidence interval; IOP: intraocular pressure; HM: hypotony maculopathy; SCH: suprachoroidal 
hemorrhage 

 



Table S5. Five-year success rates calculated using different types of hypotony criteria.  
 
 

Criteria A  Criteria B  Criteria C Criteria D 

Trabeculectomy Estimate (SE) Estimate (SE) Estimate (SE) Estimate (SE) 

No hypotony criteria 40.9% 
(37.1-45.1%) 

38.7% 
(34.9-42.9%) 

30.7% 
(27.0-35.0%) 

23.2% 
(19.9-27.0%) 

Clinical hypotony 37.9% 
(34.2-41.9%) 

36.0% 
(32.3-40.1%) 

28.5% 
(25.0-32.6%) 

21.5% 
(18.3-25.2%) 

Mixed hypotony 31.7% 
(28.6-35.3%) 

29.8% 
(26.6-33.3%) 

22.9% 
(20.0-26.3%) 

16.7% 
(14.2-19.8%) 

Numerical hypotony 28.3% 
(25.4-31.6%) 

26.5% 
(23.6-29.7%) 

19.8% 
(17.1-22.9%) 

13.7% 
(11.4-16.4%) 

Deep Sclerectomy     

No hypotony criteria 62.4% 
(59.6-65.3%) 

56.8% 
(53.9-59.8%) 

37.4% 
(34.6-40.4%) 

15.0% 
(12.9-17.4%) 

Clinical Hypotony 59.7% 
(56.8-62.6%) 

54.3% 
(51.4-57.3%) 

35.4% 
(32.7-38.4%) 

13.8% 
(11.8-16.0%) 

Mixed hypotony 54.2% 
(51.6-56.9%) 

49.1% 
(46.5-51.9%) 

31.2% 
(28.8-33.9%) 

11.7% 
(10.0-13.6%) 

Numerical hypotony 52.6% 
(50.1-55.3%) 

47.6% 
(45.0-50.3%) 

30.2% 
(27.9-32.9% 

11.0% 
(9.3-12.9%) 

CI: confidence interval; HR: hazard ratio. 
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Table S6. Cox Regression Models for the risk of failure using different types of hypotony criteria.  
 Criteria A Failure Criteria B Failure Criteria C Failure Criteria D Failure 
Hypotony type (ref: 
no hypotony criteria) 

HR 
(95% CI) 

P-value HR 
(95% CI) 

P-value HR 
(95% CI) 

P-value HR 
(95% CI) 

P-value 

Trabeculectomy         
Clinical hypotony 1.12 

(1.09-1.15) <0.001 1.12 
(1.09-1.15) <0.001 1.10 

(1.08-1.13) <0.001 1.09 
(1.06-1.11) <0.001 

Mixed hypotony 1.40 
(1.35-1.46) <0.001 1.39 

(1.34-1.45) <0.001 1.36 
(1.31-1.41) <0.001 1.31 

(1.27-1.36) <0.001 

Numerical hypotony 1.51 
(1.44-1.58) <0.001 1.50 

(1.43-1.57) <0.001 1.45 
(1.39-1.51) <0.001 1.41 

(1.36-1.47) <0.001 
Deep Sclerectomy         

Clinical Hypotony 1.10 
(1.08-1.13) <0.001 1.09 

(1.07-1.11) <0.001 1.06 
(1.04-1.07) <0.001 1.04 

(1.03-1.05) <0.001 

Mixed hypotony 1.41 
(1.37-1.46) <0.001 1.36 

(1.32-1.4) <0.001 1.26 
(1.24-1.29) <0.001 1.20 

(1.18-1.22) <0.001 

Numerical hypotony 1.46 
(1.41-1.51) <0.001 1.40 

(1.36-1.44) <0.001 1.28 
(1.25-1.31) <0.001 1.21 

(1.19-1.23) <0.001 

CI: confidence interval; HR: hazard ratio. 
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Table S7. Five-year success rates calculated using the various literature-based hypotony failure criteria in the trabeculectomy cohort 
 Criteria A  Criteria B  Criteria C Criteria D 
Trabeculectomy Estimate 

(95% CI) 
Estimate 
(95% CI) 

Estimate 
(95% CI) 

Estimate 
(95% CI) 

No hypotony criteria 40.9% 
(37.1-45.1%) 

38.7% 
(34.9-42.9%) 

30.7% 
(27.0-35.0%) 

23.2% 
(19.9-27.0%) 

Hypotony complications 35.5% 
(31.8-39.6%) 

33.8% 
(30.1-38.0%) 

26.9% 
(23.4-31.0%) 

20.5% 
(17.3-24.2%) 

Hypotony Maculopathy 39.3% 
(35.5-43.5%) 

37.4% 
(33.6-41.6%) 

29.6% 
(25.9-33.8%) 

21.9% 
(18.7-25.8%) 

Revision for hypotony  38.8% 
(35.0-43.0%) 

36.7% 
(33.0-40.9%) 

29.1% 
(25.4-33.2%) 

22.1% 
(18.8-25.9%) 

IOP<4mmHg (any visit) 26.4% 
(23.1-30.2%) 

24.7% 
(21.4-28.5%) 

18.7% 
(15.6-22.3%) 

13.5% 
(10.9-16.8%) 

IOP<4 mmHg (any visit after >2 months) 32.1% 
(28.5-36.2%) 

30.2% 
(26.6-34.3%) 

22.7% 
(19.3-26.6%) 

16.3% 
(13.4-19.9%) 

IOP<4 mmHg (last visit) 39.0% 
(35.2-43.2%) 

36.8% 
(33.1-41.0%) 

29.0% 
(25.3-33.1%) 

21.5% 
(18.3-25.3%) 

IOP<4mmHg (2 consecutive visits) 33.0% 
(29.4-37.0%) 

30.9% 
(27.4-34.9%) 

23.2% 
(19.8-27.1%) 

17.1% 
(14.2-20.5%) 

IOP<5 mmHg (any visit) 19.5% 
(16.6-22.9%) 

17.8% 
(15.0-21.2%) 

13.1% 
(10.6-16.2%) 

8.5% 
(6.5-11.2%) 

IOP<5 mmHg (any visit after >4 weeks) 26.1% 
(22.8-29.8%) 

25.6% 
(22.2-29.5%) 

17.8% 
(14.8-21.3%) 

11.7% 
(9.2-14.8%) 

IOP<5mmHg (any visit after >3 months) 27.4% 
(24.0-31.3%) 

25.6% 
(22.2-29.5%) 

18.95 
(15.8-22.55) 

12.6% 
(10.0-15.8%) 

IOP<5mmHg (any visit after ≥6 months) 28.0% 
(24.5-32.0%) 

26.1% 
(22.7-30.0%) 

19.1% 
(16.0-22.8%) 

12.8% 
(10.2-16.1%) 

IOP<5mmHg (2 consecutive visits) 30.3% 
(26.8-34.2%) 

28.5% 
(25.1-32.4%) 

22.5% 
(19.3-26.2%) 

16.1% 
(13.4-19.4%) 

IOP<5mmHg (2 consecutive visits after >1 month) 34.0% 
(30.3-38.0%) 

32.1% 
(28.5-36.1%) 

24.7% 
(21.3-28.6%) 

17.8% 
(14.9-21.2%) 

IOP<5mmHg (2 consecutive visits after >3 months) 37.2% 
(33.4-41.3%) 

35.1% 
(31.4-39.3%) 

27.2% 
(23.7-31.4%) 

19.9% 
(16.7-23.6%) 
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IOP<5mmHg (2 consecutive visits after >3 months or last visit) 33.9% 
(30.3-37.8%) 

31.9% 
(28.4-35.9%) 

24.3% 
(21.0-28.2%) 

17.2% 
(14.3-20.6%) 

IOP<5mmHg (last visit) 36.2% 
(32.6-40.3%) 

34.2% 
(30.6-38.2%) 

26.5% 
(23.1-30.5%) 

19.2% 
(16.2-22.7%) 

IOP<6 mmHg (any visit) 13.2% 
(10.7-16.2%) 

11.7% 
(9.3-14.7%) 

8.0% 
(6.0-10.7%) 

5.3% 
(3.7-7.6%) 

IOP<6mmHg (any visit after >1 month) 19.3% 
(16.4-22.8%) 

17.9% 
(15-21.4%) 

12.5% 
(10-15.7%) 

7.5% 
(5.6-10.2%) 

IOP<6mmHg (2 consecutive visits) 23.7% 
(20.5-27.4%) 

21.9% 
(18.8-25.6%) 

16.1% 
(13.3-19.5%) 

10.1% 
(7.8-13.0%) 

IOP<6mmHg (2 consecutive visits after >1 week) 24.6% 
(21.2-28.5%) 

23.0% 
(19.7-26.9%) 

15.9% 
(13.0-19.5%) 

10.0% 
(7.7-13.1%) 

IOP<6mmHg (2 consecutive visits after >1 month) 28.0% 
(24.5-31.9%) 

26.1% 
(22.6-30.0%) 

18.8% 
(15.8-22.5%) 

12.4% 
(9.8-15.6%) 

IOP<6mmHg (2 consecutive visits after >6 weeks) 28.3% 
(24.9-32.3%) 

26.4% 
(23.0-30.3%) 

19.2% 
(16.1-22.9%) 

12.9% 
(10.3-16.2%) 

IOP<6 mmHg (2 consecutive visits after >3 months) 29.1% 
(25.6-33.1%) 

27.3% 
(23.8-31.2%) 

19.8% 
(16.7-23.6%) 

13.3% 
(10.6-16.7%) 

IOP<6mmHg after >3 months and confirmed >1 month later 30.7% 
(27.1-34.7%) 

28.5% 
(25.0-32.5%) 

21.0% 
(17.8-24.8%) 

14.3% 
(11.6-17.7%) 

IOP<6mmHg (2 consecutive visits >6 months) 29.7% 
(26.1-33.7%) 

27.8% 
(24.3-31.8%) 

26.1% 
(22.6-30.1%) 

13.6% 
(10.8-17.0%) 

IOP<6mmHg (for >2 months) 30.3% 
(26.8-34.3%) 

28.2% 
(24.7-32.1%) 

20.8% 
(17.6-24.5%) 

14.3% 
(11.6-17.7%) 

IOP<6mmHg (2 consecutive visits for ≥2 months after >1 week) 30.2% 
(26.7-34.3%) 

28.1% 
(24.6-32.1%) 

20.7% 
(17.6-24.5%) 

10.0% 
(7.7-13.1%) 

IOP<6mmHg (2 consecutive visits ≥3 weeks apart) 28.7% 
(25.3-32.7%) 

26.8% 
(23.4-30.7%) 

20.0% 
(16.9-23.6%) 

13.5% 
(10.9-16.8%) 

IOP<6mmHg for >6 months 35.9% 
(32.2-40.0%) 

33.8% 
(30.1-37.9%) 

26.1% 
(22.6-30.1%) 

18.6% 
(15.7-22.2%) 

IOP<6mmHg (last visit) 34.9% 
(31.3-38.9%) 

32.8% 
(29.3-36.8%) 

25.3% 
(21.9-29.2%) 

18.1% 
(15.2-21.5%) 

IOP<8mmHg (last visit) 30.0% 
(26.7-33.8%) 

28.2% 
(24.9-31.9%) 

21.4% 
(18.4-25.0%) 

15.0% 
(12.4-18%) 



IOP<10mmHg (any visit) 2.4% 
(1.5-4.0%) 

1.9% 
(1.1-3.4%) 

0.7% 
(0.3-2.0%) 

0.2% 
(0.0-1.3%) 

IOP<4mmHg (2 consecutive visits) OR revision required 30.9% 
(27.4-34.9%) 

29.0% 
(25.5-32.9%) 

21.6% 
(18.4-25.4%) 

16.3% 
(13.5-19.7%) 

IOP<5mmHg (any visit) WITH reduced VA, shallow AC, HM, choroidals 28.3% 
(24.9-32.2%) 

26.6% 
(23.2-30.6%) 

20.5% 
(17.3-24.2%) 

15.2% 
(12.4-18.6%) 

IOP<5mmHg (any visit) WITH loss of ≥2 Snellen lines 28.9% 
(25.4-32.8%) 

27.0% 
(23.6-30.9%) 

20.8% 
(17.6-24.6%) 

15.4% 
(12.6-18.8%) 

IOP<5mmHg (2 visits) AND anatomic changes 38.8% 
(35.1-43.0%) 

36.7% 
(33.0-40.9%) 

29.2% 
(25.5-33.3%) 

21.7% 
(18.5-25.5%) 

IOP<5mmHg WITH loss of ≥2 Snellen lines (2 consecutive visits) 35.7% 
(32.0-39.8%) 

33.6% 
(29.9-37.7%) 

26.5% 
(23.0-30.5%) 

19.5% 
(16.3-23.2%) 

IOP<6mmHg (any visit) WITH loss of ≥2 Snellen lines 24.8% 
(21.5-28.7%) 

23.2% 
(19.9-27.0%) 

17.1% 
(14.1-20.8%) 

12.9% 
(10.2-16.2%) 

IOP<6mmHg (any visit) WITH hypotony complications 38.1% 
(34.3-42.2%) 

36.1% 
(32.4-40.3%) 

28.6% 
(25-32.7%) 

21.6% 
(18.4-25.4%) 

IOP<6mmHg (any visit) WITH hypotony maculopathy 39.8% 
(36.0-44.0%) 

37.7% 
(33.9-41.9%) 

30.0% 
(26.3-34.2%) 

22.4% 
(19.1-26.2%) 

IOP<6mmHg (any visit) OR revision required 13.2% 
(10.7-16.2%) 

11.7% 
(9.3-14.7%) 

8.0% 
(6.0-10.7%) 

5.3% 
(3.7-7.6%) 

IOP<6mmHg (2 consecutive visits) WITH loss of ≥2 Snellen lines 34.2% 
(30.6-38.3%) 

32.2% 
(28.5-36.2%) 

25.0% 
(21.6-29.0%) 

18.5% 
(15.4-22.2%) 

IOP<6mmHg (2 consecutive visits) OR SCH, kissing choroidals, choroidals 
drainage 

23.7% 
(20.5-27.4%) 

21.9% 
(18.8-25.6%) 

16.1% 
(13.2-19.5%) 

10.1% 
(7.8-13.1%) 

IOP<6mmHg (2 consecutive visits) WITH hypotony maculopathy 40.2% 
(36.4-44.4%) 

38.0% 
(34.2-42.2%) 

30.3% 
(26.6-34.4%) 

22.5% 
(19.3-26.3%) 

IOP<6mmHg for two weeks OR severe choroidal effusion/hemorrhage 27.8% 
(24.4-31.7%) 

25.9% 
(22.5-29.7%) 

19.1% 
(16.1-22.7%) 

10.1% 
(7.8-13.1%) 

IOP<6mmHg (2 consecutive visits after >3 months) WITH loss of ≥2 Snellen 
lines 

35.6% 
(31.9-39.8%) 

33.6% 
(29.9-37.8%) 

25.9% 
(22.4-30.0%) 

19.2% 
(16-22.9%) 

IOP<6mmHg (last 2 visits) OR SCH, kissing choroidals, choroidals drainage 36.3% 
(32.7-40.4%) 

34.2% 
(30.6-38.3%) 

26.5% 
(23.1-30.5%) 

19.4% 
(16.3-23.0%) 

IOP<6mmHg for >6 months OR requiring intervention for hypotony 31.8% 
(28.1-35.9%) 

29.7% 
(26.1-33.8%) 

22.1% 
(18.8-26.0%) 

15.7% 
(12.8-19.1%) 



AC: anterior chamber; CI: confidence interval; IOP: intraocular pressure; HM: hypotony maculopathy; SCH: suprachoroidal hemorrhage 
 



Table S8. Five-year success rates calculated using the various literature-based hypotony failure criteria in the deep sclerectomy cohort 
 Criteria A  Criteria B  Criteria C Criteria D 
Deep Sclerectomy Estimate 

(95% CI) 
Estimate 
(95% CI) 

Estimate 
(95% CI) 

Estimate 
(95% CI) 

No hypotony criteria 62.4% 
(59.6-65.3%) 

56.8% 
(53.9-59.8%) 

37.4% 
(34.6-40.4%) 

15.0% 
(12.9-17.4%) 

Hypotony complications 57.8% 
(55.0-60.8%) 

52.6% 
(49.7-55.6%) 

34.3% 
(31.5-37.3%) 

13.1% 
(11.1-15.4%) 

Hypotony Maculopathy 60.4% 
(57.5-63.4%) 

54.9% 
(52.0-58.0%) 

35.9% 
(33.2-38.9%) 

13.8% 
(11.8-16.2%) 

Revision for hypotony  60.7% 
(57.9-63.7%) 

55.2% 
(52.3-58.3%) 

36.1% 
(33.3-39.1%) 

14.4% 
(12.3-16.7%) 

IOP<4mmHg (any visit) 42.3% 
(39.6-45.3%) 

37.6% 
(34.8-40.5%) 

22.7% 
(20.4-25.4%) 

8.3% 
(6.7-10.3%) 

IOP<4 mmHg (any visit after >2 months) 56.5% 
(53.6-59.6%) 

51.3% 
(48.4-54.4%) 

33.2% 
(30.5-36.2%) 

13.0% 
(11.0-15.3%) 

IOP<4 mmHg (last visit) 61.8% 
(59.0-64.7%) 

56.2% 
(53.3-59.2%) 

36.9% 
(34.1-39.9%) 

14.6% 
(12.6-16.9%) 

IOP<4mmHg (2 consecutive visits) 58.9% 
(56.1-61.8%) 

53.4% 
(50.6-56.5%) 

34.4% 
(31.6-37.3%) 

13.3% 
(11.4-15.6%) 

IOP<5 mmHg (any visit) 35.0% 
(32.4-37.9%) 

31.0% 
(28.4-33.8%) 

17.8% 
(15.6-20.2%) 

5.7% 
(4.3-7.5%) 

IOP<5 mmHg (any visit after >4 weeks) 52.7% 
(49.8-55.7%) 

47.8% 
(44.9-50.9%) 

30.6% 
(27.9-33.5%) 

11.2% 
(9.4-13.4%) 

IOP<5mmHg (any visit after >3 months) 54.0% 
(51.1-57.1%) 

49.1% 
(46.2-52.2%) 

31.6% 
(28.9-34.6%) 

11.9% 
(10.1-14.1%) 

IOP<5mmHg (any visit after ≥6 months) 54.7% 
(51.8-57.8%) 

49.7% 
(46.7-52.8%) 

32.1% 
(29.3-35.1%) 

11.0% 
(9.1-13.2%) 

IOP<5mmHg (2 consecutive visits) 55.4% 
(52.6-58.4%) 

50.2% 
(47.3-53.2%) 

31.6% 
(28.9-34.5%) 

11.7% 
(9.8-13.9%) 

IOP<5mmHg (2 consecutive visits after >1 month) 58.0% 
(55.1-61.0%) 

52.5% 
(49.6-55.5%) 

33.8% 
(31.1-36.8%) 

12.7% 
(10.8-14.9%) 

IOP<5mmHg (2 consecutive visits after >3 months) 58.8% 
(56.0-61.8%) 

53.3% 
(50.4-56.4%) 

34.5% 
(31.8-37.5%) 

13.3% 
(11.3-15.6%) 
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IOP<5mmHg (2 consecutive visits after >3 months or last visit) 58.2% 
(55.4-61.2%) 

52.8% 
(49.9-55.8%) 

34.2% 
(31.5-37.2%) 

13.0% 
(11.1-15.3%) 

IOP<5mmHg (last visit) 61.3% 
(58.5-64.2%) 

55.7% 
(52.8-58.7%) 

36.6% 
(33.8-39.6%) 

14.3% 
(12.3-16.7%) 

IOP<6 mmHg (any visit) 35.0% 
(32.4-37.9%) 

26.2% 
(23.8-28.9%) 

14.4% 
(12.5-16.7%) 

4.2% 
(3.0-5.9%) 

IOP<6mmHg (any visit after >1 month) 48.4% 
(45.5-51.4%) 

43.9% 
(41.0-47.0%) 

27.6% 
(25.0-30.4%) 

9.1% 
(7.5-11.1%) 

IOP<6mmHg (2 consecutive visits) 50.7% 
(47.8-53.7%) 

45.8% 
(42.9-48.9%) 

27.9% 
(25.3-30.7%) 

9.3% 
(7.6-11.4%) 

IOP<6mmHg (2 consecutive visits after >1 week) 51.9% 
(49.1-55.0%) 

47.0% 
(44.1-50.1%) 

29.2% 
(26.6-32.1%) 

9.7% 
(8.0-11.8%) 

IOP<6mmHg (2 consecutive visits after >1 month) 54.5% 
(51.6-57.5%) 

49.4% 
(46.5-52.5%) 

31.3% 
(28.6-34.2%) 

10.7% 
(8.9-12.8%) 

IOP<6mmHg (2 consecutive visits after >6 weeks) 55.6% 
(52.7-58.6%) 

50.4% 
(47.5-53.5%) 

32.1% 
(29.4-35.1%) 

11.4% 
(9.6-13.6%) 

IOP<6 mmHg (2 consecutive visits after >3 months) 56.2% 
(53.3-59.3%) 

51.0% 
(48.0-54.1%) 

32.7% 
(30.0-35.7%) 

11.7% 
(9.9-13.9%) 

IOP<6mmHg after >3 months and confirmed >1 month later 57.0% 
(54.1-60.0%) 

51.6% 
(48.7-54.7%) 

33.1% 
(30.4-36.1%) 

11.9% 
(10.0-14.1%) 

IOP<6mmHg (2 consecutive visits >6 months) 58.9% 
(56.0-61.9%) 

51.7% 
(48.8-54.9%) 

34.3% 
(31.6-37.3%) 

12.6% 
(10.7-14.8%) 

IOP<6mmHg (for >2 months) 57.5% 
(54.6-60.5%) 

52% 
(49.1-55.0%) 

33.3% 
(30.6-36.3%) 

12.0% 
(10.2-14.2%) 

IOP<6mmHg (2 consecutive visits for ≥2 months after >1 week) 57.0% 
(54.1-60.0%) 

51.4% 
(48.5-54.5%) 

32.8% 
(30.1-35.7%) 

11.6% 
(9.8-13.8%) 

IOP<6mmHg (2 consecutive visits ≥3 weeks apart) 55.3% 
(52.5-58.3%) 

49.9% 
(47.0-52.9%) 

31.5% 
(28.8-34.4%) 

10.8% 
(9.1-13.0%) 

IOP<6mmHg for >6 months 58.9% 
(56.0-61.9%) 

53.3% 
(50.4-56.3%) 

34.3% 
(31.6-37.3%) 

12.6% 
(10.7-14.8%) 

IOP<6mmHg (last visit) 60.5% 
(57.7-63.4%) 

54.9% 
(52.1-57.9%) 

36.0% 
(33.3-39.0%) 

14.1% 
(12.1-16.4%) 

IOP<8mmHg (last visit) 56.4% 
(53.6-59.3%) 

51.0% 
(48.2-54.0%) 

33.1% 
(30.5-36.0%) 

12.2% 
(10.4-14.4%) 



IOP<10mmHg (any visit) 12.3% 
(10.5-14.4%) 

10.1% 
(8.5-12.2%) 

4.1% 
(3-5.5%) 

0.4% 
(0.1-1.2%) 

IOP<4mmHg (2 consecutive visits) OR revision required 57.9% 
(55.1-60.9%) 

52.6% 
(49.8-55.7%) 

33.8% 
(31.1-36.7%) 

13.1% 
(11.1-15.4%) 

IOP<5mmHg (any visit) WITH reduced VA, shallow AC, HM, choroidals 46.9% 
(44.1-49.9%) 

42.2% 
(39.4-45.2%) 

25.9% 
(23.5-28.7%) 

8.9% 
(7.2-10.9%) 

IOP<5mmHg (any visit) WITH loss of ≥2 Snellen lines 47.6% 
(44.8-50.6%) 

42.8% 
(40.0-45.8%) 

26.2% 
(23.7-29.0%) 

9.0% 
(7.3-11.1%) 

IOP<5mmHg (2 visits) AND anatomic changes 53.0% 
(50.2-56.0%) 

48.1% 
(45.2-51.1%) 

30.3% 
(27.6-33.2%) 

10.9% 
(9.1-13.1%) 

IOP<5mmHg WITH loss of ≥2 Snellen lines (2 consecutive visits) 61.5% 
(58.7-64.4%) 

55.9% 
(53.0-58.9%) 

36.6% 
(33.8-39.6%) 

14.6% 
(12.6-17.0%) 

IOP<6mmHg (any visit) WITH loss of ≥2 Snellen lines 45.1% 
(42.3-48.1%) 

40.5% 
(37.8-43.5%) 

24.3% 
(21.9-27.0%) 

8.4% 
(6.8-10.3%) 

IOP<6mmHg (any visit) WITH hypotony complications 58.6% 
(55.8-61.6%) 

53.4% 
(50.5-56.4%) 

34.7% 
(32.0-37.7%) 

13.5% 
(11.5-15.8%) 

IOP<6mmHg (any visit) WITH hypotony maculopathy 60.8% 
(58.0-63.8%) 

55.4% 
(52.5-58.4%) 

36.2% 
(33.5-39.2%) 

14.2% 
(12.2-16.6%) 

IOP<6mmHg (any visit) OR revision required 45.1% 
(42.3-48.1%) 

26.2% 
(23.8-28.9%) 

14.4% 
(12.5-16.7%) 

4.2% 
(3.0-5.9%) 

IOP<6mmHg (2 consecutive visits) WITH loss of ≥2 Snellen lines 58.2% 
(55.4-61.1%) 

52.8% 
(50.0-55.8%) 

34.0% 
(31.3-37.0%) 

13.1% 
(11.1-15.3%) 

IOP<6mmHg (2 consecutive visits) OR SCH, kissing choroidals, choroidals 
drainage 

50.6% 
(47.7-53.7%) 

45.8% 
(42.9-48.8%) 

27.8% 
(25.2-30.7%) 

9.3% 
(7.6-11.4%) 

IOP<6mmHg (2 consecutive visits) WITH hypotony maculopathy 62.0% 
(59.2-64.9%) 

56.5% 
(53.6-59.5%) 

37.0% 
(34.3-40.1%) 

14.8% 
(12.7-17.1%) 

IOP<6mmHg for two weeks OR severe choroidal effusion/hemorrhage 54.4% 
(51.6-57.4%) 

49.4% 
(46.5-52.4%) 

31.4% 
(28.7-34.3%) 

10.8% 
(9.0-12.9%) 

IOP<6mmHg (2 consecutive visits after >3 months) WITH loss of ≥2 Snellen 
lines 

60.6% 
(57.8-63.5%) 

54.9% 
(52.1-58.0%) 

35.9% 
(33.2-38.9%) 

14.1% 
(12.1-16.4%) 

IOP<6mmHg (last 2 visits) OR SCH, kissing choroidals, choroidals drainage 61.9% 
(59.2-64.8%) 

56.3% 
(53.5-59.3%) 

37.0% 
(34.2-40.0%) 

14.7% 
(12.7-17.1%) 

IOP<6mmHg for >6 months OR requiring intervention for hypotony 58.1% 
(55.1-61.1%) 

52.6% 
(49.7-55.7%) 

33.6% 
(30.9-36.6%) 

12.3% 
(10.4-14.6%) 



AC: anterior chamber; CI: confidence interval; IOP: intraocular pressure; HM: hypotony maculopathy; SCH: suprachoroidal hemorrhage 
 



Table S10. Cox Regression Models for the risk of failure for the various literature-based hypotony failure criteria in the trabeculectomy cohort 
Hypotony type (ref: no hypotony 
criteria) 

Criteria A Failure Criteria B Failure Criteria C Failure Criteria D Failure 

Trabeculectomy HR 
(95% CI) 

P-value HR 
(95% CI) 

P-value HR 
(95% CI) 

P-value HR 
(95% CI) 

P-
value 

Hypotony complications 1.27 
(1.20-1.33) <0.001 1.26 

(1.19-1.32) <0.001 1.22 
(1.17-1.28) <0.001 1.19 

(1.14-1.24) <0.001 

Hypotony Maculopathy 1.05 
(1.03-1.07) <0.001 1.05 

(1.03-1.07) <0.001 1.04 
(1.02-1.06) <0.001 1.04 

(1.02-1.05) <0.001 

Revision for hypotony  1.07 
(1.04-1.10) <0.001 1.06 

(1.04-1.09) <0.001 1.05 
(1.03-1.08) <0.001 1.04 

(1.02-1.07) <0.001 

IOP<4mmHg (any visit) 1.85 
(1.71-2.00) <0.001 1.83 

(1.69-1.98) <0.001 1.74 
(1.62-1.88) <0.001 1.67 

(1.55-1.79) <0.001 

IOP<4 mmHg (any visit after >2 
months) 

1.26 
(1.20-1.33) <0.001 1.25 

(1.19-1.32) <0.001 1.23 
(1.17-1.29) <0.001 1.22 

(1.16-1.27) <0.001 

IOP<4 mmHg (last visit) 1.06 
(1.03-1.08) <0.001 1.05 

(1.03-1.08) <0.001 1.05 
(1.03-1.07) <0.001 1.04 

(1.03-1.06) <0.001 

IOP<4mmHg (2 consecutive visits) 1.34 
(1.26-1.42) <0.001 1.33 

(1.26-1.41) <0.001 1.31 
(1.24-1.39) <0.001 1.29 

(1.22-1.36) <0.001 

IOP<5 mmHg (any visit) 2.58 
(2.35-2.84) <0.001 2.56 

(2.33-2.81) <0.001 2.43 
(2.22-2.66) <0.001 2.34 

(2.14-2.55) <0.001 

IOP<5 mmHg (any visit after >4 
weeks) 

1.68 
(1.57-1.81) <0.001 1.67 

(1.55-1.79) <0.001 1.63 
(1.52-1.74) <0.001 1.61 

(1.50-1.72) <0.001 

IOP<5mmHg (any visit after >3 
months) 

1.45 
(1.36-1.54) <0.001 1.44 

(1.35-1.52) <0.001 1.40 
(1.33-1.49) <0.001 1.38 

(1.31-1.46) <0.001 

IOP<5mmHg (any visit after ≥6 
months) 

1.36 
(1.29-1.44) <0.001 1.36 

(1.28-1.43) <0.001 1.32 
(1.26-1.39) <0.001 1.30 

(1.24-1.36) <0.001 

IOP<5mmHg (2 consecutive visits) 1.28 
(1.23-1.34) <0.001 1.27 

(1.22-1.32) <0.001 1.22 
(1.17-1.26) <0.001 1.17 

(1.14-1.21) <0.001 

IOP<5mmHg (2 consecutive visits 
after >1 month) 

1.19 
(1.14-1.23) <0.001 1.18 

(1.14-1.22) <0.001 1.15 
(1.12-1.19) <0.001 1.13 

(1.10-1.16) <0.001 

IOP<5mmHg (2 consecutive visits 
after >3 months) 

1.09 
(1.05-1.12) <0.001 1.08 

(1.05-1.12) <0.001 1.07 
(1.04-1.10) <0.001 1.07 

(1.04-1.10) <0.001 
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IOP<5mmHg (2 consecutive visits 
after >3 months or last visit) 

1.18 
(1.13-1.23) <0.001 1.17 

(1.13-1.22) <0.001 1.15 
(1.11-1.19) <0.001 1.14 

(1.10-1.18) <0.001 

IOP<5mmHg (last visit) 1.13 
(1.10-1.17) <0.001 1.13 

(1.09-1.16) <0.001 1.11 
(1.08-1.14) <0.001 1.10 

(1.07-1.13) <0.001 

IOP<6 mmHg (any visit) 3.31 
(2.99-3.67) <0.001 3.29 

(2.97-3.65) <0.001 3.12 
(2.82-3.46) <0.001 2.95 

(2.67-3.26) <0.001 

IOP<6mmHg (any visit after >1 
month) 

2.04 
(1.88-2.21) <0.001 2.02 

(1.86-2.19) <0.001 1.94 
(1.80-2.10) <0.001 1.91 

(1.77-2.07) <0.001 

IOP<6mmHg (2 consecutive visits) 1.97 
(1.82-2.14) <0.001 1.96 

(1.81-2.12) <0.001 1.90 
(1.75-2.05) <0.001 1.85 

(1.72-2.00) <0.001 

IOP<6mmHg (2 consecutive visits 
after >1 week) 

1.82 
(1.64-2.01) <0.001 1.81 

(1.64-2.00) <0.001 1.73 
(1.57-1.90) <0.001 1.67 

(1.53-1.82) <0.001 

IOP<6mmHg (2 consecutive visits 
after >1 month) 

1.54 
(1.44-1.65) <0.001 1.53 

(1.43-1.63) <0.001 1.50 
(1.41-1.60) <0.001 1.48 

(1.39-1.58) <0.001 

IOP<6mmHg (2 consecutive visits 
after >6 weeks) 

1.47 
(1.38-1.56) <0.001 1.46 

(1.37-1.55) <0.001 1.43 
(1.35-1.52) <0.001 1.41 

(1.33-1.49) <0.001 

IOP<6 mmHg (2 consecutive visits 
after >3 months) 

1.35 
(1.28-1.43) <0.001 1.35 

(1.27-1.42) <0.001 1.32 
(1.26-1.40) <0.001 1.30 

(1.23-1.37) <0.001 

IOP<6mmHg after >3 months and 
confirmed >1 month later 

1.28 
(1.22-1.35) <0.001 1.28 

(1.22-1.34) <0.001 1.25 
(1.20-1.31) <0.001 1.23 

(1.18-1.28) <0.001 

IOP<6mmHg (2 consecutive visits >6 
months) 

1.28 
(1.22-1.35) <0.001 1.28 

(1.21-1.34) <0.001 1.25 
(1.20-1.32) <0.001 1.23 

(1.18-1.29) <0.001 

IOP<6mmHg (for >2 months) 1.33 
(1.26-1.40) <0.001 1.32 

(1.26-1.39) <0.001 1.29 
(1.23-1.36) <0.001 1.27 

(1.21-1.32) <0.001 

IOP<6mmHg (2 consecutive visits for 
≥2 months after >1 week) 

1.33 
(1.26-1.40) <0.001 1.32 

(1.25-1.39) <0.001 1.29 
(1.23-1.36) <0.001 1.26 

(1.21-1.32) <0.001 

IOP<6mmHg (2 consecutive visits ≥3 
weeks apart) 

1.45 
(1.36-1.54) <0.001 1.44 

(1.36-1.53) <0.001 1.40 
(1.32-1.48) <0.001 1.37 

(1.30-1.44) <0.001 

IOP<6mmHg for >6 months 1.15 
(1.11-1.19) <0.001 1.14 

(1.11-1.18) <0.001 1.13 
(1.09-1.16) <0.001 1.11 

(1.08-1.13) <0.001 

IOP<6mmHg (last visit) 1.18 
(1.14-1.22) <0.001 1.17 

(1.13-1.22) <0.001 1.15 
(1.12-1.19) <0.001 1.13 

(1.10-1.17) <0.001 

IOP<8mmHg (last visit) 1.35 
(1.29-1.41) <0.001 1.34 

(1.28-1.40) <0.001 1.29 
(1.24-1.35) <0.001 1.25 

(1.20-1.29) <0.001 



IOP<10mmHg (any visit) 10.79 
(9.39-12.39) <0.001 

10.66 
(9.28-
12.25) 

<0.001 10.44 
(9.10-11.98) <0.001 9.87 

(8.61-11.31) <0.001 

IOP<4mmHg (2 consecutive visits) 
OR revision required 

1.41 
(1.33-1.50) <0.001 1.40 

(1.32-1.48) <0.001 1.36 
(1.29-1.44) <0.001 1.32 

(1.25-1.40) <0.001 

IOP<5mmHg (any visit) WITH 
reduced VA, shallow AC, HM, 
choroidals 

1.72 
(1.60-1.86) <0.001 1.70 

(1.58-1.84) <0.001 1.63 
(1.52-1.75) <0.001 1.54 

(1.44-1.64) <0.001 

IOP<5mmHg (any visit) WITH loss of 
≥2 Snellen lines 

1.68 
(1.56-1.81) <0.001 1.66 

(1.55-1.79) <0.001 1.59 
(1.48-1.71) <0.001 1.51 

(1.41-1.61) <0.001 

IOP<5mmHg (2 visits) AND anatomic 
changes 

1.09 
(1.06-1.13) <0.001 1.09 

(1.05-1.12) <0.001 1.08 
(1.05-1.12) <0.001 1.07 

(1.04-1.11) <0.001 

IOP<5mmHg WITH loss of ≥2 Snellen 
lines (2 consecutive visits) 

1.68 
(1.56-1.81) <0.001 1.20 

(1.15-1.26) <0.001 1.19 
(1.14-1.24) <0.001 1.17 

(1.12-1.21) 0.002 
IOP<6mmHg (any visit) WITH loss of 
≥2 Snellen lines 

1.87 
(1.73-2.02) <0.001 1.85 

(1.71-2.01) <0.001 1.77 
(1.64-1.91) <0.001 1.65 

(1.54-1.77) <0.001 

IOP<6mmHg (any visit) WITH 
hypotony complications 

1.13 
(1.09-1.18) <0.001 1.13 

(1.08-1.17) <0.001 1.12 
(1.08-1.16) <0.001 1.10 

(1.07-1.14) <0.001 

IOP<6mmHg (any visit) WITH 
hypotony maculopathy 

1.04 
(1.01-1.06) 0.001 1.03 

(1.01-1.05) 0.002 1.03 
(1.01-1.05) 0.002 1.03 

(1.01-1.05) 0.004 
IOP<6mmHg (any visit) OR revision 
required 

3.31 
(2.99-3.67) <0.001 3.29 

(2.97-3.65) <0.001 3.12 
(2.82-3.46) <0.001 2.95 

(2.67-3.26) <0.001 

IOP<6mmHg (2 consecutive visits) 
WITH loss of ≥2 Snellen lines 

1.28 
(1.21-1.35) <0.001 1.27 

(1.21-1.34) <0.001 1.26 
(1.20-1.32) <0.001 1.23 

(1.17-1.28) <0.001 

IOP<6mmHg (2 consecutive visits) 
OR SCH, kissing choroidals, 
choroidals drainage 

1.98 
(1.83-2.15) <0.001 1.97 

(1.81-2.13) <0.001 1.90 
(1.76-2.06) <0.001 1.86 

(1.72-2.01) <0.001 

IOP<6mmHg (2 consecutive visits) 
WITH hypotony maculopathy 

1.02 
(1.01-1.04) 0.011 1.02 

(1.01-1.04) 0.011 1.02 
(1.01-1.04) 0.011 1.02 

(1.00-1.04) 0.014 
IOP<6mmHg for two weeks OR 
severe choroidal effusion/hemorrhage 

1.52 
(1.42-1.61) <0.001 1.51 

(1.42-1.61) <0.001 1.47 
(1.38-1.56) <0.001 1.43 

(1.35-1.51) <0.001 

IOP<6mmHg (2 consecutive visits 
after >3 months) WITH loss of ≥2 
Snellen lines 

1.13 
(1.09-1.17) <0.001 1.12 

(1.09-1.17) <0.001 1.12 
(1.08-1.15) <0.001 1.10 

(1.07-1.13) <0.001 



IOP<6mmHg (last 2 visits) OR SCH, 
kissing choroidals, choroidals 
drainage 

1.14 
(1.10-1.18) <0.001 1.14 

(1.10-1.18) <0.001 1.12 
(1.09-1.16) <0.001 1.11 

(1.08-1.14) <0.001 

IOP<6mmHg for >6 months OR 
requiring intervention for hypotony 

1.24 
(1.19-1.30) <0.001 1.24 

(1.18-1.29) <0.001 1.21 
(1.16-1.27) <0.001 1.19 

(1.14-1.24) <0.001 

AC: anterior chamber; CI: confidence interval; IOP: intraocular pressure; HM: hypotony maculopathy; SCH: suprachoroidal hemorrhage 
 



Table S11. Cox Regression Models for the risk of failure for the various literature-based hypotony failure criteria in the deep sclerectomy 
cohort 
Hypotony type (ref: no hypotony 
criteria) 

Criteria A Failure Criteria B Failure Criteria C Failure Criteria D Failure 

Trabeculectomy HR 
(95% CI) 

P-value HR 
(95% CI) 

P-value HR 
(95% CI) 

P-value HR 
(95% CI) 

P-value 

Hypotony complications 1.07 
(1.05-1.10) <0.001 1.06 

(1.04-1.08) <0.001 1.04 
(1.02-1.05) <0.001 1.03 

(1.01-1.04) <0.001 

Hypotony Maculopathy 1.20 
(1.16-1.25) <0.001 1.17 

(1.13-1.21) <0.001 1.11 
(1.09-1.14) <0.001 1.08 

(1.06-1.10) <0.001 

Revision for hypotony  1.04 
(1.02-1.06) <0.001 1.04 

(1.02-1.05) <0.001 1.02 
(1.01-1.03) <0.001 1.01 

(1.00-1.01) 0.002 

IOP<4mmHg (any visit) 2.31 
(2.15-2.48) <0.001 2.17 

(2.03-2.33) <0.001 1.88 
(1.77-1.99) <0.001 1.66 

(1.58-1.75) <0.001 

IOP<4 mmHg (any visit after >2 
months) 

1.22 
(1.17-1.26) <0.001 1.18 

(1.14-1.23) <0.001 1.11 
(1.08-1.13) <0.001 1.06 

(1.04-1.08) <0.001 

IOP<4 mmHg (last visit) 1.04 
(1.02-1.05) <0.001 1.03 

(1.02-1.05) <0.001 1.02 
(1.01-1.03) <0.001 1.01 

(1.00-1.01) 0.002 

IOP<4mmHg (2 consecutive visits) 1.16 
(1.12-1.20) <0.001 1.14 

(1.10-1.17) <0.001 1.10 
(1.08-1.13) <0.001 1.08 

(1.06-1.10) <0.001 

IOP<5 mmHg (any visit) 3.07 
(2.84-3.33) <0.001 2.83 

(2.63-3.06) <0.001 2.38 
(2.22-2.54) <0.001 2.04 

(1.92-2.17) <0.001 

IOP<5 mmHg (any visit after >4 
weeks) 

1.40 
(1.34-1.47) <0.001 1.34 

(1.28-1.40) <0.001 1.22 
(1.18-1.26) <0.001 1.15 

(1.12-1.19) <0.001 

IOP<5mmHg (any visit after >3 
months) 

1.32 
(1.26-1.38) <0.001 1.27 

(1.22-1.32) <0.001 1.16 
(1.13-1.19) <0.001 1.10 

(1.08-1.13) <0.001 

IOP<5mmHg (any visit after ≥6 
months) 

1.27 
(1.22-1.32) <0.001 1.22 

(1.18-1.27) <0.001 1.13 
(1.10-1.15) <0.001 1.10 

(1.08-1.13) <0.001 

IOP<5mmHg (2 consecutive visits) 1.35 
(1.28-1.41) <0.001 1.30 

(1.25-1.36) <0.001 1.23 
(1.19-1.27) <0.001 1.18 

(1.15-1.22) <0.001 

IOP<5mmHg (2 consecutive visits 
after >1 month) 

1.17 
(1.13-1.21) <0.001 1.15 

(1.11-1.19) <0.001 1.10 
(1.08-1.13) <0.001 1.08 

(1.05-1.10) <0.001 

IOP<5mmHg (2 consecutive visits 
after >3 months) 

1.12 
(1.09-1.16) <0.001 1.11 

(1.08-1.14) <0.001 1.07 
(1.05-1.09) <0.001 1.05 

(1.03-1.06) <0.001 
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IOP<5mmHg (2 consecutive visits 
after >3 months or last visit) 

1.16 
(1.12-1.2) <0.001 1.14 

(1.10-1.17) <0.001 1.08 
(1.06-1.11) <0.001 1.05 

(1.04-1.07) <0.001 

IOP<5mmHg (last visit) 1.06 
(1.04-1.08) <0.001 1.05 

(1.03-1.07) <0.001 1.03 
(1.02-1.04) <0.001 1.01 

(1.01-1.02) <0.001 

IOP<6 mmHg (any visit) 3.84 
(3.53-4.17) <0.001 3.51 

(3.24-3.80) <0.001 2.87 
(2.67-3.09) <0.001 2.42 

(2.27-2.59) <0.001 

IOP<6mmHg (any visit after >1 
month) 

1.62 
(1.53-1.71) <0.001 1.53 

(1.45-1.60) <0.001 1.36 
(1.30-1.41) <0.001 1.26 

(1.22-1.31) <0.001 

IOP<6mmHg (2 consecutive visits) 1.58 
(1.49-1.67) <0.001 1.51 

(1.43-1.59) <0.001 1.39 
(1.33-1.45) <0.001 1.30 

(1.25-1.35) <0.001 

IOP<6mmHg (2 consecutive visits 
after >1 week) 

1.50 
(1.42-1.58) <0.001 1.44 

(1.37-1.51) <0.001 1.33 
(1.28-1.38) <0.001 1.26 

(1.22-1.31) <0.001 

IOP<6mmHg (2 consecutive visits 
after >1 month) 

1.31 
(1.26-1.38) <0.001 1.27 

(1.22-1.32) <0.001 1.19 
(1.16-1.23) <0.001 1.15 

(1.12-1.18) <0.001 

IOP<6mmHg (2 consecutive visits 
after >6 weeks) 

1.25 
(1.20-1.31) <0.001 1.22 

(1.17-1.26) <0.001 1.15 
(1.12-1.18) <0.001 1.11 

(1.08-1.14) <0.001 

IOP<6 mmHg (2 consecutive visits 
after >3 months) 

1.22 
(1.17-1.26) <0.001 1.19 

(1.15-1.23) <0.001 1.12 
(1.09-1.15) <0.001 1.08 

(1.06-1.11) <0.001 

IOP<6mmHg after >3 months and 
confirmed >1 month later 

1.19 
(1.15-1.23) <0.001 1.17 

(1.13-1.20) <0.001 1.11 
(1.08-1.14) <0.001 1.08 

(1.06-1.10) <0.001 

IOP<6mmHg (2 consecutive visits >6 
months) 

1.17 
(1.13-1.21) <0.001 1.14 

(1.11-1.18) <0.001 1.09 
(1.06-1.11) <0.001 1.05 

(1.04-1.07) <0.001 

IOP<6mmHg (for >2 months) 1.18 
(1.14-1.23) <0.001 1.16 

(1.12-1.20) <0.001 1.11 
(1.09-1.14) <0.001 1.08 

(1.06-1.10) <0.001 

IOP<6mmHg (2 consecutive visits for 
≥2 months after >1 week) 

1.21 
(1.16-1.26) <0.001 1.19 

(1.15-1.24) <0.001 1.15 
(1.11-1.18) <0.001 1.12 

(1.09-1.15) <0.001 

IOP<6mmHg (2 consecutive visits ≥3 
weeks apart) 

1.37 
(1.30-1.44) <0.001 1.33 

(1.27-1.40) <0.001 1.27 
(1.22-1.32) <0.001 1.23 

(1.19-1.28) <0.001 

IOP<6mmHg for >6 months 1.13 
(1.09-1.16) <0.001 1.11 

(1.08-1.15) <0.001 1.08 
(1.06-1.10) <0.001 1.06 

(1.04-1.08) <0.001 

IOP<6mmHg (last visit) 1.10 
(1.08-1.13) <0.001 1.09 

(1.07-1.11) <0.001 1.05 
(1.04-1.07) <0.001 1.03 

(1.02-1.04) <0.001 

IOP<8mmHg (last visit) 1.27 
(1.22-1.32) <0.001 1.23 

(1.19-1.28) <0.001 1.14 
(1.11-1.16) <0.001 1.08 

(1.06-1.09) <0.001 



IOP<10mmHg (any visit) 8.36 
(7.62-9.17) <0.001 7.66 

(7.00-8.40) <0.001 6.31 
(5.78-6.90) <0.001 5.23 

(4.80-5.71) <0.001 

IOP<4mmHg (2 consecutive visits) 
OR revision required 

1.18 
(1.14-1.23) <0.001 1.16 

(1.12-1.19) <0.001 1.11 
(1.09-1.14) <0.001 1.08 

(1.06-1.11) <0.001 

IOP<5mmHg (any visit) WITH 
reduced VA, shallow AC, HM, 
choroidals 

1.95 
(1.82-2.08) <0.001 1.84 

(1.73-1.96) <0.001 1.63 
(1.55-1.71) <0.001 1.48 

(1.41-1.55) <0.001 

IOP<5mmHg (any visit) WITH loss of 
≥2 Snellen lines 

1.91 
(1.78-2.03) <0.001 1.80 

(1.70-1.92) <0.001 1.60 
(1.52-1.69) <0.001 1.46 

(1.40-1.53) <0.001 

IOP<5mmHg (2 visits) AND anatomic 
changes 

1.49 
(1.41-1.57) <0.001 1.42 

(1.36-1.49) <0.001 1.31 
(1.26-1.36) <0.001 1.24 

(1.20-1.28) <0.001 

IOP<5mmHg WITH loss of ≥2 Snellen 
lines (2 consecutive visits) 

1.04 
(1.02-1.06) <0.001 1.04 

(1.02-1.05) <0.001 1.03 
(1.01-1.04) <0.001 1.02 

(1.01-1.03) 0.002 
IOP<6mmHg (any visit) WITH loss of 
≥2 Snellen lines 

2.11 
(1.97-2.26) <0.001 1.98 

(1.86-2.12) <0.001 1.74 
(1.64-1.83) <0.001 1.56 

(1.48-1.63) <0.001 

IOP<6mmHg (any visit) WITH 
hypotony complications 

1.17 
(1.13-1.21) <0.001 1.14 

(1.11-1.18) <0.001 1.10 
(1.07-1.12) <0.001 1.07 

(1.05-1.09) <0.001 

IOP<6mmHg (any visit) WITH 
hypotony maculopathy 

1.06 
(1.03-1.08) <0.001 1.05 

(1.03-1.07) <0.001 1.03 
(1.02-1.04) <0.001 1.02 

(1.01-1.03) <0.001 

IOP<6mmHg (any visit) OR revision 
required 

3.84 
(3.53-4.17) <0.001 3.51 

(3.24-3.80) <0.001 2.87 
(2.67-3.09) <0.001 2.42 

(2.27-2.59) <0.001 

IOP<6mmHg (2 consecutive visits) 
WITH loss of ≥2 Snellen lines 

1.20 
(1.16-1.25) <0.001 1.18 

(1.14-1.22) <0.001 1.14 
(1.11-1.17) <0.001 1.10 

(1.07-1.13) <0.001 

IOP<6mmHg (2 consecutive visits) 
OR SCH, kissing choroidals, 
choroidals drainage 

1.58 
(1.50-1.68) <0.001 1.51 

(1.43-1.59) <0.001 1.39 
(1.33-1.46) <0.001 1.30 

(1.25-1.35) <0.001 

IOP<6mmHg (2 consecutive visits) 
WITH hypotony maculopathy 

1.01 
(1.00-1.02) 0.023 

 
1.01 

(1.00-1.02) 
0.040 1.01 

(1.00-1.01) 0.046 1.00 
(1.00-1.01) 0.10 

IOP<6mmHg for two weeks OR 
severe choroidal effusion/hemorrhage 

1.33 
(1.28-1.40) <0.001 1.29 

(1.24-1.34) <0.001 1.21 
(1.17-1.25) <0.001 1.16 

(1.13-1.20) <0.001 

IOP<6mmHg (2 consecutive visits 
after >3 months) WITH loss of ≥2 
Snellen lines 

1.07 
(1.05-1.10) <0.001 1.06 

(1.04-1.09) <0.001 1.04 
(1.03-1.06) <0.001 1.03 

(1.01-1.04) <0.001 



IOP<6mmHg (last 2 visits) OR SCH, 
kissing choroidals, choroidals 
drainage 

1.02 
(1.01-1.03) 0.001 1.02 

(1.01-1.03) 0.001 1.01 
(1.01-1.02) 0.002 1.01 

(1.00-1.02) 0.003 

IOP<6mmHg for >6 months OR 
requiring intervention for hypotony 

1.15 
(1.11-1.19) <0.001 1.13 

(1.10-1.17) <0.001 1.09 
(1.07-1.12) <0.001 1.06 

(1.04-1.08) <0.001 

AC: anterior chamber; CI: confidence interval; IOP: intraocular pressure; HM: hypotony maculopathy; SCH: suprachoroidal hemorrhage 
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