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Synopsis: A meta-analysis of over 4000 glaucoma cases over 100 years of surgical experience demonstrates that cyclodialysis surgery
is effective in lowering intraocular pressure (IOP) as an uveoscleral outflow enhancing procedure.

Objective: To conduct a systematic review and meta-analysis evaluating the clinical efficacy and safety of surgical cyclodialysis in
lowering intraocular pressure in glaucoma patients.

Methods: A comprehensive search of PubMed, Cochrane, Web of Science, and EMBASE identified peer-reviewed interventional
studies involving surgical cyclodialysis for IOP reduction. Key outcome measures included long-term IOP control, medication burden,
and adverse event incidence. The meta-analysis was registered with PROSPERO (ID: CRD42025632759).

Results: Forty studies spanning more than a century and including 4082 eyes were analyzed. Most studies were observational and
non-randomized, with 75% employing ab-externo and 25% ab-key techniques. Given the evolution of surgical techniques and
populations over time, analyses accounted for heterogeneity in outcome reporting. Across all studies, the average qualified success
rate was 72.3% (range: 33-97%) over follow-up periods of 6 to 132 months. Ab-interno approaches showed slightly higher efficacy
and fewer complications. Durability varied, with reduced outcomes in refractory and advanced glaucoma. Complications such as
hyphema, hypotony, and vision loss were infrequent. Notably, newer ab-interno techniques demonstrated improved outcomes in IOP
reduction, safety, and procedural longevity.

Conclusion: Cyclodialysis remains a viable and effective surgical option for enhancing uveoscleral outflow in glaucoma manage-
ment. While outcomes vary by patient severity and surgical technique, particularly with older methods, modern ab-interno approaches
offer enhanced efficacy and safety—especially in mild to moderate cases.
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Introduction
Glaucoma is the leading cause of irreversible blindness worldwide, affecting over 80 million people.' Treatment options
are aimed at lowering Intraocular Pressure (IOP) starting with medications or laser trabeculoplasty™ as a first-line
treatment, followed by surgical intervention if pharmacotherapy fails. The major objective of surgical glaucoma manage-
ment involves enhancing aqueous humor drainage, either through ab-interno procedures targeting the trabecular or
uveoscleral outflow pathways, or externally via transscleral filtration techniques, such as trabeculectomy and glaucoma
drainage devices (GDDs).*®

Cyclodialysis, first introduced by Leopold Heine in 1905 enhances uveoscleral outflow. It was one of the more
prevalent surgical treatments in until the 1960’s before the advent of trabeculectomy and glaucoma drainage implants.
The more recent innovations of ab-interno suprachoroidal stents and the emergence of MIGS have renewed interest in

Clinical Ophthalmology 2025:19 2859-2870 2859
Received: 10 June 2025 © 2025 Stamper et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
AT Php and incorporate the Creative Commons Attribution — Non Commercial (unported, v4.0) License (http:/creat licenses/by-nc/4.0/). By accessing the

Accepted: 4 August 2025
Published: 21 August 2025

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0002-0062-7386
http://orcid.org/0000-0002-9893-5909
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/4.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Stamper et al

cyclodialysis as a minimally-invasive approach to the uveoscleral space.”® This technique has had over a century of
clinical practice with variable acceptance. Mechanistically, cyclodialysis involves the creation of an internal aqueous
outflow channel, facilitating egress through the uveoscleral pathway via the suprachoroidal and trans-scleral routes.’ The
goal of cyclodialysis is to augment the native uveoscleral outflow pathway through an iatrogenically created cleft that
acts as an aqueous conduit and ab-interno filtration reservoir. Cyclodialysis clefts appear to play a role in the natural
physiology of uveoscleral outflow. Small endogenous ciliary body clefts have been documented in histological sections
and during ocular patient imaging.'®"'* These clefts are felt to be important for uveoscleral outflow as their presence or
absence correlates with higher or lower uveoscleral outflow in both animals and humans.'®'? The creation of a surgical
cyclodialysis is intended to further augment the uveoscleral outflow capacity of the endogenous clefts for the lowering
of IOP.

The uveoscleral pathway provides a potentially advantageous surgical target due to its function as a low-resistance
sink for aqueous drainage. From studies of the pharmacologic treatment of glaucoma, selective agents for uveoscleral
outflow, such as prostaglandin analogues, have been shown to have a higher therapeutic index for aqueous drainage
enhancement compared to trabecular outflow drugs. The intrinsic pressure gradient between the anterior chamber and the
supraciliary space, coupled with the absorptive properties of the choroid, generates highly favorable conditions for
internal aqueous outflow.'> The osmotic gradient across the choriocapillaris is essential in promoting fluid movement in
response to the hydrostatic pressure differential between the anterior chamber and the suprachoroidal space.'> 7 Notably,
while uveoscleral outflow typically functions as a pressure-independent mechanism, the introduction of a cyclodialysis
cleft reduces ciliary muscle resistance, rendering the outflow pressure-dependent.'®'® Physiological studies indicate that
uveoscleral outflow accounts for approximately 40% to 50% of aqueous drainage in humans and non-human primates,
with higher rates observed in pediatric populations, which gradually decrease with age.'®?**' Moreover, unlike
perforating procedures such as trabeculectomy and drainage implants, cyclodialysis provides MIGS-like benefits without
the need to manage bleb-related complications, while maintaining the integrity of the conjunctiva and ocular surface.

The surgical technique for the creation of an iatrogenic cyclodialysis has undergone significant refinements over the
past century. Heine’s original ab-externo approach, known as the classical cyclodialysis,** involved a limbus-based
concentric ab-externo scleral incision positioned 5 mm posterior to the limbus. A spatulated instrument was then used to
disinsert the ciliary body and create the cleft. Over time, advancements in surgical instrumentation facilitated a shift
towards a more interventional ab-interno technique in order to minimize tissue trauma and better surgical control and
visualization of the cyclodialysis construction. More recent modifications include various strategies to reinforce the
filtration channel to increase durability of the internal filtration channel and reduce the risk of closure and restenosis.
These reinforcement techniques involve the use of air, viscoelastic substances, scleral allografts, and other scaffolding
materials to maintain patency of the cyclodialysis cleft.

Despite the advent of MIGS and conventional filtration surgeries, cyclodialysis remains a valuable, albeit under-
utilized, option for enhancing uveoscleral outflow. This systematic review synthesizes over a century of peer-reviewed
clinical evidence on the efficacy and safety of cyclodialysis surgery, contextualized within the modern era of emerging
surgical innovations, including MIGS procedures and advanced uveoscleral outflow interventions.

Methods
Search Strategy and Study Selection

A comprehensive literature search encompassing the PubMed, Cochrane, Web of Science, and EMBASE databases was
conducted to identify studies published between 1905 and 2024. The following search terms were applied: “glaucoma”

EEIN3 9 99 ¢ <

“open angle glaucoma” “closed angle glaucoma” “mixed mechanism glaucoma” “secondary glaucoma” “congenital

EEINT3 EEINT3

glaucoma” (population), “cyclodialysis” “ab-interno cyclodialysis” “ab-externo cyclodialysis” (intervention), and
“intraocular pressure” (outcome). Synonymous terms were combined using the Boolean operator “OR”, and primary
concepts were linked using “AND”. A supplementary search excluded the outcome term to capture earlier studies lacking
standardized endpoints. The search encompassed all glaucoma populations. Titles, abstracts, and full texts were

meticulously screened to ensure consistency with analytical specifications.
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No additional restrictive terms were used for any of the databases and a broad inclusion criteria were maintained to
minimize the risk of bias. Extracted outcomes were systematically tabulated from each study. Due to the heterogeneity
and variability of outcome measures reported over a century of publications, multiple outcomes were extracted where
available. The most consistently reported outcome across historic and contemporary studies was the percentage of
patients achieving post-operative success in terms of “qualified” intraocular pressure (IOP) control. Given the hetero-
geneity in how successful IOP control was defined across studies, and the lack of access to individual patient-level data,
we adopted the proportion of subjects achieving qualified postoperative success (with or without adjunctive IOP-
lowering medications), as reported by the original authors, as the primary efficacy endpoint. Where available, mean
changes in medicated IOP from baseline were also included from a subset of recent studies. Efficacy and safety outcomes
were extracted from the longest reported follow-up for each study, and the incidence of procedure-related ocular adverse
events was systematically assessed.

Analysis Methods
Meta-analytic methods were used to summarize qualified success outcomes from the 40 included studies. Procedure
types were defined and analyzed by group: ab-externo, ab-interno, ab-interno with sub-scleral reinforcement of the cleft,
stand-alone procedures and procedures in combination with other surgery (eg cataract surgery). Due to smaller numbers
some subgroupings could not be statistically characterized.

The base model was a random-effects meta-analysis, with study as the random effect, assuming that each study has
a true qualified success ratep, and that these p; follow a normal distribution. Studies were weighted relative to sample
size. An additional fixed effect was added to the base model to investigate the effect of each of: procedure type,
approach, stand-alone versus combination procedures, year published, and follow-up time. Each fixed effect was
evaluated in a separate analysis using a mixed effects model with study as the random effect. Estimates, standard errors,
and confidence intervals are calculated based on the fitted random effects or mixed effects model. Fitting was carried out
using R version 4.3.0 and the R package for version 4.6-0. REML methods were used in the fitting. The meta-analysis
was registered with PROSPERO ID CRD42025632759.

Results

Study Selection and Data Extraction
In the EMBASE database, 828 research articles met the initial search criteria for cyclodialysis, while 202 references met
the criteria in PubMed as of 12/14/2024. The initial search of Web of Science yielded 164 citations. A systematic review
applying additional restriction criteria focused on treatment-specific cyclodialysis in glaucoma patients, thereby exclud-
ing studies of traumatic or iatrogenic cyclodialysis, suprachoroidal aqueous drainage devices, epidemiologic studies,
veterinary reports, and non-surgical investigations. The dataset was further enriched by including pre-1950 publications
referenced in the reviewed literature. Ultimately, 40 studies encompassing 4082 surgical cases were included in the final
analysis. The steps and the results of the PRISMA procedure are summarized in Figure 1.

All the studies were further assessed and categorized for the level of bias using the ROBINS-I v2 systematic tool
(https://sites.google.com/site/riskofbiastool/welcome/robins-i-v2). Given the non-randomized, uncontrolled, observa-

tional nature of the peer-review dataset, there were no studies in the low-risk category. All studies were in the moderate-
high risk categories.

Follow-up durations ranged from 6 to 132 months, and the patient cohort spanned a wide patient age group - from
a pediatric population (<1 year) to elderly patients (>90 years). The studies included a diverse range of glaucoma
subtypes, such as primary and secondary open-angle glaucoma as well as angle-closure glaucoma. Cyclodialysis
techniques varied across studies, with earlier publications focusing on standard ab-externo procedures and more recent
studies emphasizing ab-interno approaches. Several studies incorporated adjunct cataract procedures and sub-scleral
reinforcements to enhance the durability and efficacy of cyclodialysis surgery. Table 1 summarizes the characteristics of
the included studies.
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Studies Included
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Figure | PRISMA Flowchart.

Summary of Systematic Analysis
All included studies were observational, comprising both retrospective and prospective designs; no randomized con-

Reports did not meet inclusion criteria
(n=36)

Surgical Cyclodialysis (External or Internal Approach)
Observational or Randomized

Interventional Clinical Study Report

Minimum Follow-up: 6 months

Exclusion Criteri
Non-surgical cyclodialysis (traumatic, complication)
Non-clinical Study Report (no specific treatment outcomes)
Follow-up < 6 months

trolled trials (RCTs) were identified in the peer-reviewed literature (Table 1). Among the 40 studies involving 4082

patients, 30 studies (3183 patients) evaluated cyclodialysis performed through an external surgical approach (ab-externo),

while 10 studies (899 patients) assessed interventional cyclodialysis using an internal approach (Tables 2 and 3). For

Table | Summary of Study Characteristics

Factor Level

Summary

N (studies)

40

Disease Severity

Mild or Moderate Glaucoma

4/40(10.00%)

Moderate or Advanced Glaucoma

35/40(87.50%)

Pediatric Moderate or Advanced Glaucoma

1/402.50%)

Follow-Up (months)

Mean(SD)

32.90(29.68)

Median

24.00

Min, Max

[6.00, 132.00]

(Continued)
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Table | (Continued).

Factor Level Summary

Cyclodialysis Procedure
Ab-externo 20/40(50.00%)
Ab-externo + Air 3/40(7.50%)
Ab-externo + Goniotomy vs Goniotomy 1/40(2.50%)
Ab-externo + MSICS 1/40(2.50%)
Ab-externo + Phaco 2/40(5.00%)
Ab-externo + Phaco + Goniotomy 1/40(2.50%)
Ab-externo + Trab 1/40(2.50%)
Ab-interno 2/40(5.00%)
Ab-interno + MSICS 1/40(2.50%)
Ab-interno + Phaco 1/40(2.50%)
Reinforced, ab-externo 1/40(2.50%)
Reinforced, ab-interno 2/40(5.00%)

Reinforced, ab-interno + Phaco

4/40(10.00%)

Cyclodialysis Approach'

Ab-interno 10/40(25.00%)

Ab-externo 30/40(75.00%)
Combination vs Stand-Alone Procedure?

Stand-Alone 28/40(70.00%)

Combination 12/40(30.00%)
Reinforcement

Non-Reinforced 33/40(82.50%)

Reinforced

7/40(17.50%)

Table 2 Meta-Analysis of Qualified Success Rates: Overall, with Fixed
Effect for Procedure Type, with Fixed Effect for Approach, and with Fixed

Effect for Stand-Alone/Combination

Meta-Analysis n (studies) | Estimate (SE) 95% CI
All

All 40 72.7% (2.4%) [67.9%, 77.6%]
Approach

Externo 28 77.5% (4.9%) [67.6%, 87.4%]

Interno 12 71.2% (2.7%) [65.7%, 76.8%]

(Continued)
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Table 2 (Continued).

Meta-Analysis

n (studies)

Estimate (SE)

95% CI

Stand-Alone vs Combo

Stand-Alone 10 71.4% (2.9%) [65.6%, 77.2%]

Combination 30 75.8% (4.4%) [66.9%, 84.7%]
Reinforcement

Non-Reinforced 33 70.9% (2.6%) [65.7%, 76.0%]

Reinforced 7 81.9% (5.6%) [70.5%, 93.3%]

Follow-Up Time

n (studies)

Estimate (SE)

95% CI

<=20 months 17 74.6% (3.7%) | [67.1%, 82.1%]
21-40 months I 75.3% (4.7%) | [65.8%, 84.9%]
40-80 months 9 70.2% (4.9%) | [60.2%, 80.1%]
>80 months 2 54.8% (10.5%) | [33.4%, 76.2%]

Notes: Meta-analytic estimates are based on a random-effects meta-analysis with study as the
random effect. For Procedure Type, for Approach, and for Stand-Alone vs Combo, a fixed
effect was added to the model. For the Procedure Type analysis all ab-interno procedure types,
with or without reinforcement are combined into one category. For the Stand-Alone vs
Combo analysis, a combination procedure is defined as a cyclodialysis procedure in combina-
tion with another ocular surgery with an IOP lowering effect (eg cataract surgery).

Table 3 Final List of Studies Included in the Evidence-Based Review of Cyclodialysis Surgical Treatment

Study Year Study Type Disease Severity Cyclodialysis Procedure Study Follow-up N Qualified

No. Pub. (months) Success Rate

| 1920 Observational Moderate or Advanced Glaucoma Ab-externo 12 350 | 0.72

2 1920 Observational Moderate or Advanced Glaucoma Ab-externo 24 37 0.8l

3 1930 Observational Moderate or Advanced Glaucoma Ab-externo 60 120 | 0.72

4 1931 Observational Moderate or Advanced Glaucoma Ab-externo 24 692 | 0.78

5 1937 Observational Moderate or Advanced Glaucoma Ab-externo 12 36 0.33

6 1940 Observational Moderate or Advanced Glaucoma Ab-externo 12 51 0.93

7 1941 Observational Moderate or Advanced Glaucoma Ab-externo 60 121 0.523

8 1946 Observational Moderate or Advanced Glaucoma Ab-externo 120 206 | 0.52

9 1946 Observational Moderate or Advanced Glaucoma Ab-externo 36 140 | 042

10 1947 Observational Moderate or Advanced Glaucoma Ab-externo + Air NA 83 0.75

11 1947 Observational Moderate or Advanced Glaucoma Ab-externo 60 121 0.471

12 1947 Observational Moderate or Advanced Glaucoma Ab-externo + Air 12 57 0.877

13 1949 Observational Moderate or Advanced Glaucoma Ab-externo 24 100 | 0.79

14 1949 Observational Moderate or Advanced Glaucoma Ab-externo 60 100 | 0.79

15 1954 Observational Moderate or Advanced Glaucoma Ab-externo 24 Il 0.727

(Continued)
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Table 3 (Continued).

Study Year Study Type Disease Severity Cyclodialysis Procedure Study Follow-up N Qualified
No. Pub. (months) Success Rate
16 1957 Observational Moderate or Advanced Glaucoma Ab-externo 60 153 [ 0.85
17 1957 Observational Moderate or Advanced Glaucoma Ab-externo 60 102 | 0.774
18 1958 Observational Moderate or Advanced Glaucoma Ab-externo 15 90 0.767
19 1958 Observational Moderate or Advanced Glaucoma Ab-externo 24 22 0.727
20 1960 Observational Moderate or Advanced Glaucoma Ab-externo 60 60 0.535
21 1969 Observational Moderate or Advanced Glaucoma Ab-externo + Phaco 72 48 0.893
22 1976 Observational Moderate or Advanced Glaucoma Ab-externo 12 78 0.87
23 1986 Observational Moderate or Advanced Glaucoma Ab-interno + Phaco 15 16 0.938
24 1986 Observational Moderate or Advanced Glaucoma Ab-externo 15 16 0.625
25 1995 Observational Pediatric Moderate or Advanced Ab-externo + Phaco + 12 98 0.77
Pediatric Glaucoma Goniotomy
26 1998 Observational Moderate or Advanced Glaucoma Ab-externo + MSICS 29 50 0.74
27 2013 Observational Moderate or Advanced Glaucoma Ab-externo + Air 12 32 0.75
28 2013 Observational Moderate or Advanced Glaucoma Ab-externo + Phaco 60 50 0.74
29 2015 Observational Moderate or Advanced Glaucoma Ab-externo + Trab 132 55 0.58
30 2019 Observational Moderate or Advanced Glaucoma Reinforced, ab-interno 24 29 0.86
31 2019 Observational Moderate or Advanced Glaucoma Ab-interno 21 21 0.67
32 2021 Observational Moderate or Advanced Glaucoma Reinforced, ab-interno 3 43 0.792
33 2021 Observational Moderate or Advanced Glaucoma Ab-interno + MSICS 12 343 | 0.843
34 2021 Observational Moderate or Advanced Glaucoma Ab-interno 12 53 0.528
35 2022 Observational Moderate or Advanced Glaucoma Reinforced, ab-externo 24 61 0.967
36 2023 Case Control Moderate or Advanced Glaucoma Ab-externo + Goniotomy vs 6 43 0.458
Goniotomy
37 2024 Observational Mild or Moderate Glaucoma Reinforced, ab-interno + Phaco 12 10 0.8
38 2024 Observational Mild or Moderate Glaucoma Reinforced, ab-interno + Phaco 12 117 0.81
39 2024 Observational Mild or Moderate Glaucoma Reinforced, ab-interno + Phaco 6 243 | 0.726
40 2025 Observational Mild or Moderate Glaucoma Reinforced, ab-interno + Phaco 30 24 0.74

analysis purposes the ab-interno and ab-interno + reinforced studies are grouped together as ab-interno and the
combination procedures include cyclodialysis performed with another ophthalmic procedure (eg Phaco, Goniotomy,
MSICS, or Trabeculectomy). A comprehensive list of the studies with the corresponding citations is included in Table s1.

Meta-Analysis of Outcomes

The estimated overall qualified success rate from the meta-analysis across all studies was 72.7%, with a 95% CI of
[67.7%, 77.6%]. Outcomes were similar regardless of Procedure Type, Approach, or Stand-Alone versus Combination
procedures. Formal statistical tests of the fixed effects for procedure type, approach, and stand-alone vs combination were
not significant (Table 2, Figures 2 and 3).
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Meta-Analytic Estimates of Qualified Success Rates: Overall,
by Approach, by Stand-Alone vs Combo, and by Reinforcement
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Figure 2 (Top) Estimates of qualified success rates from meta-analyses. (Bottom) Qualified success rates over time. Bars indicate 95% confidence intervals.

A final meta-analysis, with year published as a fixed effect, showed no trends in qualified success through time up to
80 months.

Adverse event reporting was inconsistent, particularly in studies published prior to 1970, making cross-study
comparison challenging. Despite this lack of uniformity, the collective body of evidence consistently demonstrates
a favorable safety profile for cyclodialysis. Across the studies, few patients experienced significant vision loss, even
among extensive ab-externo procedures involving cyclodialysis over 180 degrees of the ciliary body. The recent studies
of less invasive, ab-interno techniques report improved safety profile with the internal surgical approach.

Key adverse events reported in from the studies include transient hyphema 3%-79%, clinically significant hypotony
0.5-10.5%, persistent iritis 0—-6%.

Discussion

We report the results of a systematic meta-analysis of surgical cyclodialysis treatment for the lowering of intraocular
pressure in patients with glaucoma. The review spans more than a century of evolving surgical practice for the treatment
of glaucoma across 40 peer-review clinical outcomes publications in over 4000 subjects. It is the most comprehensive
systematic review specifically addressing cyclodialysis surgery across a century of clinical practice.
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Figure 3 Forest plot of overall meta-analysis of qualified success rates.

With respect to the main outcome measure of qualified success, the overall efficacy of cyclodialysis exceeded 70%.
This demonstrates evidence of clinical benefit in terms of IOP control achieved beyond the efficacy of topical
pharmacologic therapy across the entire cohort of peer-review studies. Outcomes were similar regardless of procedure
type, approach, or stand-alone versus combination procedures. The additional IOP lowering effect of a combined cataract
procedure was demonstrable in our data set with 75.3% of the combined procedures vs 71.0% of the stand-alone
cyclodialysis procedures achieving the primary success outcome. While the ab-interno and combined procedures trended
toward higher success rates, these differences were not statistically significant, possibly due to sample size limitations. In
the early years of cyclodialysis surgery, it was rarely performed in combination with intracapsular cataract extraction and
later, with the advent of extracapsular cataract techniques it was combined with manual or phaco-emulsification cataract
surgery. The higher level of IOP effect of combined cyclodialysis and cataract intervention is consistent with the
experience of more recent glaucoma interventional studies which further substantiate the additive IOP-lowering efficacy
of cataract extraction and glaucoma surgery. In addition, the data indicates a trend towards further IOP lowering (78.8%
qualified success rate) when cyclodialysis is additionally reinforced with sub-scleral maintainers and spacers to prevent
cleft restenosis and increase the durability and patency of the uveoscleral conduit.

To analyze for durability of effect, the dataset was segmented into different periods of post-operative outcomes- < 20
months, 21-40 months, 40—80 months and > 80 months. While a slight attrition of IOP lowering effect can be seen over
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time from a peak of 74.6% at 20 months post-operative follow-up to 70.2% at 40—80 months, the differences among these
post-operative time frames are not statistically significant. The are too few studies beyond 80 months of follow-up to
provide an informative dataset for more extended follow-up. Similarly, there is not enough data in the early post-
operative period before 6 months to explore if there is any temporal relationship to the post-surgical remodeling and
healing of the cyclodialysis. Regardless, the long-term effect across all studies is consistent and sustained. While
reinforced cyclodialysis procedures demonstrated improved efficacy at 12- and 24-month follow-ups, data beyond 5
years are lacking, underscoring the need for long-term studies and randomized controlled trials to validate sustained
outcomes.

Our analysis also demonstrates comparable efficacy and safety between ab-externo and ab-interno surgical
approaches. In fact, a trend towards slightly better IOP lowering effect seems to transpire from the ab-interno studies
(77.5% vs 71.2%, respectively). This is clinically important as the size of the cyclodialysis cleft in the ab-externo
procedures is generally much larger than the one performed ab-interno, particularly with the more recent interventional
techniques, where cleft sizes are discrete and minimally-invasive within 500-1000 microns. This may substantiate the
clinical paradigm of the continuity of the uveoscleral outflow where a single discrete entry point can tap into the
absorptive outflow capacity of the entire suprachoroidal space. It may also indicate better healing and less fibrosis with
minimal intervention and less surgical trauma. The benefits of this more interventional ab-interno approach are also seen
in terms of safety where a slightly lower rate of key ocular adverse events are reported in an otherwise homogeneous and
favorable safety profile of the cyclodialysis procedure. The overall safety of the procedure is characterized by a relatively
low incidence of serious or sight- threatening adverse events and appears more comparable to the newer interventional
glaucoma procedures. The characteristic complications of hypotony maculopathy, bleb leaks or loss of visual acuity often
reported with trans-scleral glaucoma filtration procedures such as trabeculectomy and external shunt drainage implants
are not seen as a major concern with cyclodialysis where aqueous outflow enhancement remains internal to the
uveoscleral pathway, there is no violation of the scleral wall and there is no exogenous implantable hardware.”***

There are several limitations of our analysis. A key limitation is that all 40 available cyclodialysis studies were non-
randomized, observational real-world clinical reports. While this is informative of real -world effectiveness, there are
confounding factors such as lack of medication wash-out, no protocolized medication re-introduction, no standardized
definition of efficacy outcomes, lack of standardized indications for the surgery, and lack of treatment controls. Most studies
also had poor definition of mild, moderate or severe glaucoma subtypes and primary open angle versus secondary open angle
glaucoma as they did not consistently provide disease category definitions nor baseline visual field data. Another limitation is
the insufficient understanding of the precise anatomical location, structural dimensions, and composition of cyclodialysis
clefts—possibly critical factors influencing their efficacy and consistency. It is well established that both trabecular and
uveoscleral outflows are segmental, making the exact site and scale of intervention potentially useful information.*2’
However, few studies provide detailed accounts of surgical techniques with definition of cleft size nor do they incorporate
companion imaging to assess cleft size over time. Furthermore, lack of imaging techniques especially in earlier studies
prevented detection of clinically inapparent cystoid macular edema or hypotony maculopathy. Finally, improvements in
medical treatment over the last 100+ years would likely favor qualified success rates in more recent studies. Nevertheless,
given the span in clinical evidence over 125 years of evolving surgical practice since Leopold Heine first introduced the
procedure,*® this integrated evidence-based summary of rather heterogenic reports and data, provides surprisingly consistent
evidence of IOP lowering effect and risk-benefit profile of uveoscleral outflow intervention. These observations may be useful
in informing and encouraging future surgical innovations in the uveoscleral space. Compared to trabecular bypass MIGS,
cyclodialysis targets the uveoscleral pathway, potentially avoiding episcleral venous pressure limitations. This may offer
advantages in eyes with compromised trabecular function or secondary glaucoma, where traditional MIGS are less effective.

Conclusion

In conclusion, cyclodialysis represents an established, clinically effective surgical option for glaucoma management,
characterized by significant IOP lowering and a favorable safety profile, with a 70% rate of qualified success across the
spectrum of published studies. Newer approaches for reinforcement of the cleft could further enhance the durability of
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the uveoscleral conduit over the long term. As surgical techniques and instrumentation continue to advance, cyclodialysis
can fill the gaps across the interventional treatment spectrum from SLT, MIGS to bleb-forming procedures.
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