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Précis: Applying different combinations of intraocular pressure and
medication endpoint criteria recommended by the World Glaucoma
Association can have a significant influence on the risk of failure
following glaucoma surgery, which hinders the comparison of
outcomes.

Purpose: The definition of success in glaucoma surgical trials lacks
standardization, leading to difficulty comparing outcomes across
studies. This study evaluates how different intraocular pressure
(IOP) and medication criteria affect success in a representative
subconjunctival minimally invasive glaucoma surgery (MIGS)
dataset.

Methods: A literature review identified the range of criteria used to
define surgical success in studies of Xen gel stent, which were
summarized into 4 definitions: (A) final IOP within upper and lower
thresholds only, (B) criteria A plus ≥ 20% decrease in IOP verssus
baseline, (C) ≥ 20% IOP decrease plus no increase in medications
versus baseline, (D) all 3 criteria combined. These definitions were
then applied to a cohort of 308 eyes that underwent Xen surgery to
compare the apparent risks of failure.

Results: Success rates at 12 months across studies reviewed ranged
from 18.5% to 33.4% for complete and 22.4% to 64.6% for qualified
success. In our cohort, the hazard ratios of failure ranged from 0.27
to 5.87 (95% CI: 0.21–7.63, P< 0.001) across the 4 definitions. The
greatest degree of difference in apparent failure rates was observed
at the upper IOP threshold of 21 mm Hg, and when evaluating
qualified success.

Conclusion: Using different IOP and medication criteria to define
success can have a significant influence on the apparent risk of

failure, particularly at the 21 mm Hg threshold and when incor-
porating a minimum 20% IOP reduction from baseline. Reporting
success using guidelines—recommended criteria—and at multiple
upper IOP thresholds may enable better comparison of outcomes
between studies.

Key Words: minimally invasive glaucoma surgery, glaucoma fil-
tration surgery, Xen45 gel stent, surgical success, definitions,
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T he existing literature evaluating traditional and newer
device-based glaucoma filtration surgeries uses a wide

range of different criteria to define success. This variability
hampers the ability to compare outcomes across studies,
which is crucial to assess the clinical and economic effec-
tiveness of new devices as they enter clinical practice.
Rotchford and King performed a systematic review of def-
initions of success and failure after trabeculectomy and
found 92 distinct IOP-related definitions of success.1 In
response to such variability in reporting, the World Glau-
coma Association (WGA) published consensus guidelines
with recommendations for standardized definitions of sur-
gical success.2 These guidelines comprise 3 main criteria: (1)
IOP success with multiple upper thresholds (eg, ≤ 21, 18, 15,
12 mm Hg) and one lower limit (eg, 6 mm Hg), (2) a min-
imum percentage reduction in IOP, (eg, 20%), and (3)
specifying whether patients were using hypotensive medi-
cations at follow-up, that is. complete versus qualified suc-
cess. The European Glaucoma Society (EGS) guidelines
similarly recommend using an upper IOP limit and per-
centage reduction of IOP as an outcome measure of
success.3 While these guidelines have helped to facilitate trial
design and enable better comparison of outcomes among
studies, they still allow for considerable variability in how
success is defined by investigators, which in turn affects how
outcomes may be reported.

One exemplar of a device-based filtration surgery is the
Xen45 (Xen) gel stent (AbbVie, Allergan plc, Dublin,
Ireland), which was approved by the FDA in 2016 for use in
patients with open angle glaucoma,4 and has been shown to
reduce IOP and IOP-lowering medication use.5,6 In this
study we performed a review of Xen surgery studies to
identify and summarize the full range of IOP and
medication criteria used to define surgical success. In order
to assess how the choice of definition impacts apparent
success rates, we then applied the various definitions ofDOI: 10.1097/IJG.0000000000002639
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success to a retrospective cohort of eyes having had
standalone Xen surgery from the Fight Glaucoma Blindness
(FGB) registry.

METHODS

Review of Outcomes of Xen Surgery
To explore the various criteria used to define surgical

success, in February 2024 we reviewed the PubMed data-
base to identify studies reporting outcomes of standalone
Xen45 surgery in open angle glaucoma at 12 months of
follow-up. The search terms used were “Xen,” “stand-
alone,” and “success,” and references of systematic reviews
of studies on Xen surgical outcomes were also manually
searched. This population and timeframe were selected to
allow comparison with our own study cohort. The IOP and
medication criteria used to define surgical success were
extracted from these studies; studies that only reported mean
reduction in IOP or medication use were excluded.
Information was collected on study design, participant
numbers, definitions of surgical success reported, and
associated rates of success and failure.

Analysis of Fight Glaucoma Blindness (FGB)
Registry Data

We then performed a retrospective analysis of data in
the FGB registry, an audit and research tool developed to
facilitate accurate and comprehensive collection of real-
world outcomes from routine clinical care.7 Details of the
FGB registry have been previously described,8,9 but in
summary, the registry captures mandatory fields at baseline
to accurately phenotype patients, and then at each follow-up
visit. The fields include visual acuity (VA), intraocular
pressure (IOP), treatments administered, adverse events, and
additional procedures performed. Follow-up visits are
scheduled as per routine postoperative clinical care at the
clinician’s discretion. Ethics approval was provided by the
Royal Australian and New Zealand College of Ophthalmol-
ogy Human Research Ethics Committee with reference
number 2020/ETH02676. The research adhered to the tenets
of the Declaration of Helsinki, and all participating centers
adhered to ethical guidelines and regulations.

Consecutive adult patients (≥ 18 y of age) who
underwent Xen with intraoperative mitomycin-C without
cataract surgery (standalone surgery) with at least 12
consecutive months of follow-up data available were
included in this analysis. Patients having any previous
conjunctival incisional surgery were excluded. We have
previously reported details of surgical technique and patient
demographics of this cohort.10,11 Approximately 87% of
Xen gel stents were inserted ab interno with closed
conjunctiva, and 13% were inserted ab interno with open
conjunctiva.10

We applied definitions of surgical success obtained
from the literature review to our population to evaluate the
impact of using different definitions on apparent rates of
complete and qualified success. Failure was defined as IOP/
medication outcomes falling outside the respective success
definitions for 2 consecutive study visits; or an eye under-
going a secondary surgical intervention (excluding bleb
needling); or symptomatic hypotony defined as IOP
< 6 mm Hg as well as a decrease in visual acuity of
> = 10 letters at the same visit, at least 3 months after
surgery. The baseline IOP was calculated as the mean of the
2 preoperative visits, where 2 visits within 3 months before

surgery were available. Secondary outcomes included mean
and percentage reduction of IOP from baseline and
reduction of the number of antiglaucoma medications from
baseline.

Kaplan-Meier survival analyses were used to compare
the cumulative incidence of and time to failure within the
study cohort across the 4 definitions. Mixed-effect Cox
proportional hazards regression models were used to
compare the risk of failure of using different success
definitions, using parameters to account for clustering of
eyes within patient and surgeons. All analyses were
conducted using R.

RESULTS

Literature Review of Definitions of Success
We found 18 studies that defined specific criteria for

surgical success in primary standalone Xen surgery at
12 months: 5 reported outcomes using multiple upper IOP
thresholds, while 11 studies used only one upper IOP
threshold. (Table 1) Two studies did not define an upper
IOP threshold at all.12,13 Of the upper IOP thresholds used,
the most common were ≤ 21 mm Hg and ≤ 18 mm Hg (6
studies each), followed by ≤ 17 mm Hg (5 studies),
≤ 15 mm Hg (2 studies), and ≤ 16 mm Hg and ≤ 20 mm Hg
(1 study each). Fourteen studies used both an upper IOP
threshold and a percentage reduction of IOP, of which the
latter was most commonly 20%. Two studies used IOP
thresholds alone to define success.14,15 One study used a
percentage reduction in IOP alone.13 A recently published,
first randomized controlled trial on Xen used the percentage
reduction of IOP and no increase in medications compared
with baseline to define success.12 Success rates ranged from
14% to 88.9% for complete success and 20% to 97.4% for
qualified success across the 18 studies reviewed.

These IOP/medication criteria can be summarized into
3 categories:
1. IOP thresholds only; final IOP within upper and lower

IOP thresholds.
2. Minimum percentage reduction in IOP compared with

baseline.
3. No increase in IOP-lowering medications compared with

baseline.
The first 2 criteria are currently recommended by the

WGA consensus guidelines on definitions of surgical
success. The third criteria has been used in a number of
more recent publications, including as the primary outcome
in 2 recent randomized controlled trials examining the
efficacy of the Xen12 (AbbVie, Allergan plc, Dublin,
Ireland) and the Preserflo microshunt (Santen Pharmaceut-
ical Co., Ltd., Osaka, Japan).16 As shown in Table 1, the
studies reporting outcomes of Xen used at least one of the
above 3 criteria either alone or combined with each other.
We were interested in evaluating the impact of using
different combinations of these 3 criteria, to assess if the
resultant variability in success definitions would result in a
meaningful difference in how outcomes are reported.

We therefore used 4 definitions of surgical success from
permutations of the 3 criteria (Table 2):
� Definition A: IOP thresholds only; final IOP within upper

and lower IOP thresholds only
Four upper IOP thresholds—≤ 12, 15, 18, and 21 mm Hg
and one lower IOP threshold (≥ 6 mm Hg) were used,
which are recommended by the WGA consensus
guidelines
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TABLE 1. IOP and Medication Endpoint Criteria and Associated Success Rates From Review and From FGB Data

Endpoint criteria Success rates at 12 mo

Study Design n
Number of

WGA criteria
1. Upper IOP

threshold

2.Percentage
decrease vs.
baseline, %

3.No increase in
meds vs. baseline Endpoint, %

Complete
success, %

Qualified
success, %

Present study;
Tan et al

Retrospective 308 3 ≤ 21 ≥ 20 ● 28.9 41.2

2 ≤ 21 ≥ 20 – 28.9 43.2
1 ≤ 21 – – 33.4 64.6
3 ≤ 18 ≥ 20 ● 28.2 39.9
2 ≤ 18 ≥ 20 – 28.2 41.9
1 ≤ 18 – – 32.8 59.1
3 ≤ 15 ≥ 20 ● 23.7 34.1
2 ≤ 15 ≥ 20 – 23.7 35.7
1 ≤ 15 – – 26.9 46.8
3 ≤ 12 ≥ 20 ● 18.5 22.4
2 ≤ 12 ≥ 20 – 18.5 23.4
1 ≤ 12 – – 19.8 26.3

Oddone et al17 Prospective 144 2 ≤ 17 ≥ 20 – 74.3
El Helwe et al18 Retrospective 86 2 ≤ 18 ≥ 20 – 14–29 (closed vs.

open conjunctiva)
20–62 (closed vs.
open conjunctiva)

Han et al19 Retrospective 19 2 ≤ 18 ≥ 30* – 73.7
Almendral-

Gomez et al20
Retrospective 63 2 ≤ 18 ≥ 20 – 88.9 93.7

Mendez-
Hernandez
et al21

Retrospective 85 2 ≤ 18 ≥ 20 – 55.3 61.2

Sheybani et al11 Randomized
controlled trial

38 2 ≥ 20 ● 62.1

Duong et al16 Retrospective 57 1 ≤ 20 – 72
1 ≤ 17 – 67

Kong et al22 Retrospective 37 2 ≤ 21 ≥ 20 – 32 97.3
Do et al23 Retrospective 137 2 ≤ 21 ≥ 20 – 31–56 (closed vs.

open conjunctiva)
53–71 (closed vs.
open conjunctiva)

Wagner et al24 Retrospective 82 2 ≤ 18 ≥ 20 – 58.5 72
Olgun et al25 Retrospective 114 2 ≤ 21 ≥ 20 – 34.2 97.4
Heidinger et al26 Retrospective 199 2 ≤ 17 ≥ 20 – 15.4 25.0
Marcos Parra

et al14
Retrospective 65 1 ≤ 16 – 66.2

Smith et al27 Retrospective 68 2 ≤ 21 ≥ 20 – 32.4 61.8
2 ≤ 18 ≥ 20 – 33.8 67.6
2 ≤ 15 ≥ 20 – 35.3 70.6

Ibanez-munoz
et al13

Retrospective 13 1 ≥ 20 – 28.6 85.7

Tan et al28 Retrospective 39 2 ≤ 21 ≥ 20 – 87 92
2 ≤ 15 ≥ 30 – 62 64

Mansouri et al 29 Prospective 40 2 ≤ 17 ≥ 20 – 57.5 80.0
2 ≤ 15 ≥ 20 – 57.5 77.5

Schlenker et al15 Retrospective 281 2 ≤ 17 – –
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� Definition B: definition A plus a minimum percentage
decrease in IOP compared with baseline (ie, ≥ 20%).

� Definition C: minimum percentage decrease in IOP plus
no increase in medications compared with baseline.

� Definition D: all 3 criteria: final IOP within upper and
lower IOP thresholds, minimum percentage decrease in
IOP compared with baseline (ie, ≥ 20%), and no increase
in medications compared with baseline.

Applying Identified Success Definitions to FGB
Registry Data

To investigate the effect of different surgical success
definitions on how outcomes are reported, we used a Xen
cohort from the FGB registry as an exemplar. The full
baseline characteristics, safety, and efficacy outcomes of this
cohort have been previously described.10,11 The current
analysis only included 308 eyes of 275 patients with Xen
alone surgery (no combined cataract surgery) and at least
12 months follow-up. The most common diagnoses were
primary open angle glaucoma (57%) followed by secondary
open angle glaucoma (18%). The baseline IOP was 22.4 +/-
7.9 mm Hg and the baseline IOP-lowering medication use
was 2.9 +/- 1.4 medications. Baseline mean deviation was
-9.9 +/- 8.3 dB. There was a significant decrease in IOP
(22.4–16.3 mm Hg) and medication use (2.86–1.06 meds) at
12 months compared with baseline. Depending on the
definition of success used, complete success rates at
12 months ranged from 19.8% to 33.4%, with equivalent
qualified success rates of 26.3%–64.6% (Table 1).

Risk of Failure by Definition of Success
We then evaluated the risk of failure across the 4

definitions of surgical success, for both complete and
qualified success. Failure was not merely the opposite
scenario of success—we defined failure as IOP/medication
outcomes falling outside the respective complete/qualified
success definitions for 2 consecutive study visits, secondary
surgical intervention, or symptomatic hypotony at least
3 months after surgery. Mixed-effect Cox proportional
hazards regression models were used to compare the risk of
failure of using definitions B, C, and D in reference to A.
For complete success, only definitions B and C were relevant
for comparison to A, as definition D would result in the
same outcomes as B with no medication use. Definition C
would also translate to a minimum 20% decrease in IOP
alone, since no medications are allowed to achieve complete
success.

Figure 1 displays survival curves across the success
definitions for complete and qualified success at the
21 mm Hg upper IOP threshold; the use of definition A
(IOP threshold only) results in the lowest apparent risk of
failure over the 12 months, while definitions B for complete
success and D for qualified success results in the highest
apparent risk of failure.

For complete success, there was a significant difference
in the proportion of failure across the 4 definitions for the
12 mm Hg IOP threshold (P< 0.001), but no significant
difference at the 15, 18, and 21 mm Hg IOP thresholds. For
qualified success, there was a significant difference across the
4 definitions at all IOP thresholds. Kaplan-Meier curves of
proportion of failure over time when using the 4 definitions
and upper IOP thresholds of 12, 15, and 18 mm Hg are
shown in Figure 2 (complete success) and Figure 3 (qualified
success).TA
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Tables 3 and 4 show the hazard ratios of failure across
definitions B, C, and D in reference to A for complete and
qualified success. The hazard ratios of failure for complete
success ranged from 0.44 to 1.71 (0.36–2.07; P< 0.001) and
for qualified success from 0.27 to 5.87 (0.21–7.63; P< 0.001)
depending on definition used. For instance, looking at

qualified success at the upper IOP threshold of 21 mm Hg,
using definition B is associated with a hazard ratio of failure
of 5.32 (P< 0.001) compared with when using definition A.
The degree of difference in hazard ratios for a given IOP
threshold was greater for qualified versus complete success,
and greater for higher upper IOP thresholds.

TABLE 2. Definitions of Surgical Success Used Based on Permutations of 3 IOP/Medication Criteria; Definition D Comprises the 3 Criteria
Combined

Criteria

Definition
1. Final IOP within upper and lower

IOP thresholds only
2. Minimum percentage decrease in IOP

from baseline (≥ 20%)
3. No increase in medications

compared with baseline

A ●
B ● ●
C ● ●
D ● ● ●

Surgical success was further defined without (complete) and with (qualified) the use of IOP-lowering medications.

FIGURE 1. Kaplan-Meier curves of proportion of failure over time when using definition A (IOP thresholds only), B (IOP thresholds + at
least 20% decrease in IOP from baseline), C (at least 20% decrease in IOP + no increase in number of medications from baseline), and D
(IOP thresholds + at least 20% decrease in IOP from baseline + no increase in number of medications from baseline) at the upper IOP
threshold of 21 mm Hg for complete (panel A) and qualified success (panel B). Figure 1 can be viewed in color online at www.
glaucomajournal.com.

FIGURE 2. Kaplan-Meier curves of proportion of failure over time when using definition A (IOP thresholds only), B (IOP thresholds + at
least 20% decrease in IOP from baseline), and C (at least 20% decrease in IOP + no increase in number of medications from baseline) at
the upper IOP thresholds (panels A–C) and with no medications. Figure 2 can be viewed in color online at www.glaucomajournal.com.
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DISCUSSION
We performed a review of studies reporting surgical

success of Xen45 gel stent at 12 months and identified 3
themes of definitions in use. We then applied 4 different
permutations derived from these themes to a retrospective
cohort of eyes having had standalone Xen surgery, to
investigate if variation in definitions has a meaningful
impact on how outcomes are reported. Even when holding
the upper IOP threshold constant, the relative risk of failure
ranged from 0.27 to as high as 5.87 depending on which
definition was used.

Heterogeneity of Criteria Used to Define Surgical
Success

A 2010 systematic review of definitions of success and
failure after trabeculectomy found 92 distinct IOP-related
definitions of success from 100 publications.1 When these 92
distinct definitions of success were applied to a retrospective
cohort of 100 patients who had undergone trabeculectomy,
the success rate ranged from 36.0% to 98.0% over 3 years of
follow-up.1 A more recent systematic review of definitions of
hypotony in glaucoma filtration surgery found 49 different
definitions, of which the majority involved numerical
hypotony,17 defined as a low IOP without any reference to
pathologic consequences of this such as reduced VA or
associated structural change. When the 49 distinct

definitions of hypotony were applied to 2 retrospective
cohorts of trabeculectomy and deep sclerectomy eyes, the
relative risk of failure ranged from 1.0 to 10.79.17

In recognition of the variability of success rates based
on definitions used, in 2008 the WGA published the
consensus-based “Guidelines on Design and Reporting of
Glaucoma Surgical Trials.”2 These state firstly that IOP
success should be reported with a number of alternative
upper limits (eg, ≤ 21, 18, 15, 12 mm Hg) and one lower
limit (eg, 6 mm Hg), with failure defined as IOP measured
outside these thresholds on 2 consecutive study visits.
Secondly, they also recommend differentiating between
complete success, where glaucoma medications are not
being used, and qualified success, where they are, and finally
that consideration should be given to including a percentage
reduction of IOP from baseline.2 The final point in the
recommendations was identified as more important in
patients whose baseline IOP is already relatively low, and
potentially already below the IOP thresholds even at
baseline.2 The recently published EGS guidelines on surgical
innovation for glaucoma similarly recommend using an
upper IOP limit and percentage reduction of IOP as an
outcome measure of success, which may vary according to
glaucoma severity.3 For instance, an upper IOP threshold of
≤ 21 mm Hg and IOP reduced at least 25% from baseline is
recommended for mild to moderate disease. In more
advanced disease, this threshold is ≤ 15 mm Hg and
≤ 18 mm Hg, and IOP reduced at least 30%–40% from
baseline.3,18 The American Academy of Ophthalmology
Glaucoma Preferred Practice Pattern Panel recently recom-
mended the definition of surgical success for MIGS
combined with phacoemulsification as a decrease in
glaucoma medical therapy of ≥ 1 medication from baseline
without an increa.se in IOP, or IOP ≤ 21 mm Hg and
reduced≥ 20% from baseline without an increase in
glaucoma medications.18,19 This addresses the goals of
angle-based MIGS in lowering IOP and/or reducing
medication use18 (Tan et al. In Press BJO 2025). The Xen
implant was released to market after the WGA guidelines
were published; however, our review of Xen publications
found that a large number of published studies still do not
adopt the WGA definitions of success. Many studies only
report mean decrease in IOP and medication use, which is of
limited value both in counseling an individual patient, as

FIGURE 3. Kaplan-Meier curves of proportion of failure over time when using definition A (IOP thresholds only), B (IOP thresholds + at
least 20% decrease in IOP from baseline), C (at least 20% decrease in IOP + no increase in number of medications from baseline), and D
(IOP thresholds + at least 20% decrease in IOP from baseline + no increase in number of medications from baseline) at the upper IOP
thresholds (panels A–C) and on medications. Figure 3 can be viewed in color online at www.glaucomajournal.com.

TABLE 3. Hazard Ratios of Failure When Using definition B (IOP
Threshold + at Least 20% decrease in IOP From Baseline) and C
(at Least 20% decrease in IOP + No Increase in Number of
Medications From Baseline) in Reference: to A at 4 Upper IOP
Thresholds in Complete Success, Using Hierarchical Cox
Regression Models

Complete success

B C

Threshold HR P HR P

12 mm Hg 1.15 (0.97–1.36) 0.12 0.44 (0.36–0.54) < 0.001
15 mm Hg 1.38 (1.15–1.66) < 0.001 0.96 (0.79–1.17) 0.70
18 mm Hg 1.54 (1.27–1.86) < 0.001 1.33 (1.10–1.62) 0.003
21 mm Hg 1.71 (1.40–2.07) < 0.001 1.63 (1.34–1.98) < 0.001

HR indicates hazard ratios.
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well as in being able to compare results with other studies.
Of the 3 main IOP/medication criteria used to define success
identified from our review, the majority of studies used an
upper IOP threshold and a percentage reduction of IOP to
define success, which is in line with the WGA guidelines.
Various upper IOP thresholds were used to, and several
studies also the IOP/medication criteria alone or in various
combinations (Table 1). Exploring if these variations in
definitions have a meaningful impact on outcomes is
therefore of interest.

Difference in Risk of Failure Across Permutations
of WGA IOP/Medication Criteria

Our data showed that an endpoint requiring only IOP
between an upper and lower IOP threshold resulted in the
highest proportion of apparent complete and qualified
success. Adding a 20% IOP reduction from baseline,
however, increases the risk of failure by up to 1.7 times
for complete success, and over 5 times for qualified success
(Tables 3 and 4, and see below for further discussion).
Studies that define success with an upper IOP threshold
alone are more likely to report higher success rates. This
criterion alone may be appropriate when there is washout of
medications at baseline, such as in a clinical trial; however,
for many observational studies, this is not possible. The
baseline medicated IOP may therefore be close to or even
below 21 mm Hg in study participants, who would then
automatically achieve success at the 21 mm Hg threshold
even if the intervention had no effect at all. Requiring a 20%
reduction in IOP may therefore better evaluate the IOP-
lowering efficacy of a surgical intervention. One caveat is
patients with high IOPs who are started on oral acetazola-
mide leading up to surgery. Such patients may have a
baseline IOP well within the normal range, in which case
mandating a further 20% reduction from the low starting
baseline even after acetazolamide is stopped postoperatively
may at times be difficult to achieve. This is especially the
case for subconjunctival MIGS and less relevant for
trabeculectomy, which often has greater IOP-lowering
efficacy.10 Reporting success rates at multiple upper IOP
thresholds may help to address this and provide more
transparency and clarity on outcomes.

The magnitude of difference in risk of failure across
definitions A to D was much greater when applied to
qualified success rates compared with complete success. This
is likely in part because a lower proportion of eyes achieve
complete success even when using a single criterion such as
definition A (IOP within thresholds only). For instance,

when using the 12 mm Hg IOP threshold alone to define
success, only around one fifth (19.8%) of eyes in our cohort
achieved this without medication use, compared with just
over one quarter (26.3%) on medications, while at the
21 mm Hg this was 33.4% and 64.6%, respectively. Applying
additional criteria (eg, 20% reduction in IOP) within the
same upper IOP threshold therefore did not result in a
significant difference of failure across definitions for
complete success, except at the 12 mm Hg threshold.
Furthermore, the degree of difference in risk of failure
across definitions was greater at higher (eg, 18 and
21 mm Hg) compared with more stringent (eg, 12 and
15 mm Hg) upper IOP thresholds. Once again, this is likely
because a greater proportion of eyes is expected to achieve a
final IOP below for a higher compared with lower upper
IOP threshold.

Finally, using an endpoint of IOP within threshold and
percentage reduction appears to result in higher failure rates
than a definition of percentage IOP reduction and no
increase in medication use (ie, definition B vs. C in Tables 3
and 4). This is relevant because definition C may be
technically achieved despite the final IOP being above the
target upper IOP threshold. In reality, however, definition C
may be less applicable because clinicians often commence
IOP-lowering medications if the target IOP has not been
met. Of note, 2 recent randomized clinical trials of the Xen
and Microshunt implant versus trabeculectomy used defi-
nition C as their primary outcome.12,16

Distinction Between Lowering of IOP vs.
Medication Use

A single uniform definition of surgical success based on
IOP and medication use is neither feasible nor desirable, as not
all glaucoma surgical procedures aim for the same outcome.
The reader of a given study does not know the reason a
procedure was performed in a given patient, but they can infer
that it may be done for reasons on a continuum between those
aiming to primarily lower IOP at one end, and those intending
to lower medication use at the other. The responsibility in
reporting surgical outcomes is to allow the reader to under-
stand what outcomes from a given procedure may be expected,
and to be able to compare the outcomes with other
publications. The former goal is applicable to both traditional
glaucoma filtration surgery and bleb-forming MIGS proce-
dures, which are often performed in similar patient
populations.4 Although the WGA was nuanced in its
recommendations and did not require a 20% IOP reduction
from baseline, we think that any study involving a bleb-

TABLE 4. Hazard Ratios of Failure When Using Definition B (IOP Threshold + at Least 20% Decrease in IOP From Baseline), C (at Least
20% Decrease in IOP + No Increase in Number of Medications From Baseline) and D (IOP Threshold + at Least 20% Decrease in IOP From
Baseline + No Increase in Number of Medications From Baseline) in Reference to A at 4 Upper IOP Thresholds in Qualified Success, Using
Hierarchical Cox Regression Models

Qualified success

B C D

Threshold HR P HR P HR P

12 mm Hg 1.23 (1.03–1.46) 0.02 0.27 (0.21–0.34) < 0.001 1.27 (1.07–1.52) 0.007
15 mm Hg 1.76 (1.55–2.41) < 0.001 0.94 (0.76–1.17) 0.58 1.88 (1.54–2.29) < 0.001
18 mm Hg 3.21 (2.55–4.06) < 0.001 2.64 (2.08–3.36) < 0.001 3.52 (2.79–4.45) < 0.001
21 mm Hg 5.32 (4.09–6.03) < 0.001 5.30 (4.07–6.90) < 0.001 5.87 (4.51–7.63) < 0.001

HR indicates hazard ratios.
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forming procedure should report outcomes using a definition
that combines multiple upper IOP thresholds as well as a
minimum IOP reduction such as 20%.We propose that in these
cases our definition D should be used (IOP within target
threshold and percentage IOP reduction with no increase in
medication use) to report success.

For nonfiltration surgery such as trabecular bypass
MIGS devices, lowering of medication use may be an
important goal20 (Tan et al. BJO In Press 2025). In such
cases, reducing medication use without an increase in IOP is
arguably considered a success, which would make the WGA
definition of requiring a percentage decrease in IOP too
strict. A separate medication-specific definition such as
“reduction in at least one medication with no increase in
IOP from baseline” may be appropriate in such cases.21
New consensus guidelines on such definitions and clarity on
what degree of efficacy a new device is expected to have will
be beneficial to help guide future reporting of outcomes
from these devices.

Finally, target IOP is dependent on severity of glaucoma.
A number of papers in the review used an upper IOP threshold
of 21 mm Hg, which may be appropriate in mild disease.22
However, in studies of glaucoma filtration surgery, we
recommend choosing a primary outcome of ≤ 18 mm Hg as
the IOP threshold and, in addition report secondary outcomes
of surgical success at multiple other IOP thresholds.

In summary, our findings demonstrate how the choice
of success definition can have a dramatic impact on
apparent success rates. This real-world example highlights
the critical need for standardized outcome definitions to
enable meaningful comparisons across studies and improve
clinical applicability.18 Meanwhile, we propose that studies
evaluating glaucoma procedures that are intended to lower
IOP should use the combined 3 IOP and medication criteria
(definition D) and report success rates at multiple upper IOP
thresholds, to provide standardization of WGA consensus
definitions and improve the comparison of outcomes
between studies. There should also be a recognition that a
“low” success is not always because of a poor product, or
poor surgical technique, but is also influenced by the “degree
of difficulty” inherent in the success definition at hand. Only
when researchers and clinicians have calibrated expectations
of success rates with different thresholds and different
requirements can robust comparison occur between differ-
ent surgical procedures.

CONCLUSION
Applying different IOP and medication endpoint

criteria has a significant influence on apparent success rates,
particularly when incorporating a minimum 20% IOP
reduction from baseline, assessing success at the 21 mm Hg
threshold, and for qualified success. Studies evaluating
glaucoma procedures intended to lower IOP such as bleb-
forming surgeries should use the combined 3 IOP and
medication criteria and also report success rates at multiple
upper IOP thresholds. We propose that clinicians select a
primary outcome that best reflects their patient population
and target outcome for that study, but also report other
WGA outcomes as secondary measures.
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