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Abstract

Objective: To evaluate the effectiveness of micro-invasive glaucoma surgery (MIGS) with and
without concurrent phacoemulsification.

Design: Multicenter retrospective cohort study.

Participants: Patients in the IRIS® Registry (Intelligent Research in Sight) who underwent Xen
gel stent (ab interno), endoscopic cyclophotocoagulation (ECP), goniotomy, or canaloplasty from
2013 through 2019.

Methods: Kaplan-Meier survival analysis was used to assess reoperation rates. We defined
reoperation as any subsequent glaucoma surgery occurring 1 month to 3 years after the initial
procedure. Multivariable cox proportional hazard models were used to determine factors predictive
of reoperation.
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Main outcome measures: reoperation rate, mean intraocular pressure (IOP) and visual acuity
(VA), postoperative complications, predictors of reoperation, and reoperation procedure type.

Results: A total of 79,363 eyes from 57, 561 patients were included with 15,118

eyes (19 %) receiving stand-alone MIGS and 64,245 eyes (81%) receiving MIGS

concurrent with phacoemulsification. Overall, patients who underwent MIGS concurrently with
phacoemulsification had lower reoperation rates compared to those undergoing stand-alone MIGS.
This was most pronounced for the ECP and goniotomy/canaloplasty groups. At two years
postoperatively, the cumulative reoperation rate when a procedure was performed alone (without
cataract surgery) was 15% for ECP, 24% for Xen, and 24% for goniotomy/canaloplasty compared
to 3% for ECP, 19% for Xen, and 6% for goniotomy/canaloplasty performed concurrently with
phacoemulsification (p<0.001 for each stand-alone MIGS vs MIGS with phacoemulsification).
Black race, older age, coding diagnosis of moderate and severe glaucoma, higher baseline 10P,
and glaucoma subtype were associated with higher reoperation risk. While IOP decreased in all
groups, those who underwent stand-alone MIGS had a more substantial decrease in mean 10P.
MIGS complication rates based on diagnosis codes were low overall: 1% for ECP, 1% for Xen,
and 2% for goniotomy/canaloplasty.

Conclusions: In current US clinical practice, MIGS has substantially lower reoperation rates
when performed with phacoemulsification, especially for ECP and goniotomy/canaloplasty.
Approximately one-sixth of patients undergoing stand-alone ECP and one quarter of patients
undergoing stand-alone Xen or goniotomy/canaloplasty require reoperation by 2 years. Black
patients, diagnosis coding of moderate to severe glaucoma, and higher baseline IOP were
associated with higher risk of reoperation after MIGS procedures.

Keywords

microinvasive glaucoma surgery; endoscopic cyclophotocoagulation; Xen; goniotomy;
canaloplasty; phacoemulsification; reoperation

Introduction

Micro-invasive glaucoma surgeries (MIGS) have been developed as a less traumatic surgical
method of treating glaucoma refractory to medical therapy.1These techniques are meant to
be less invasive and safer than traditional surgical interventions, namely trabeculectomy

and glaucoma drainage devices (GDD).2 MIGS procedures have been proposed to fill

the treatment gap between medical/laser therapy and traditional filtration surgeries in
mild-moderate glaucoma cases where vision-threatening surgical complication risks may
outweigh the benefits of intraocular pressure (IOP) reduction.3

MIGS refers to conjunctival sparing ab interno drainage techniques and includes procedures
such as endoscopic cyclo-photocoagulation (ECP), Trabectome, ab-interno canaloplasty,
ab-interno trabeculotomy, goniotomy, trabecular bypass devices such as iStent and Hydrus,
as well as suprachoroidal shunts (Cypass) and subconjunctival stents like the Xen. Though
ECP and goniotomy/trabeculotomy procedures have been in use since the 1990’s and 1930’s
respectively, their efficacy has not been fully demonstrated because most of the published
work to date are retrospective series without control groups that do not account for the
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IOP-lowering effect of phacoemulsification.*~2 In recent years, a number of randomized
controlled trials have assessed the efficacy of novel MIGS devices such as iStent, Hydrus
and Cypass in combination with phacoemulsification.10-13 These studies however have been
few to date with relatively limited follow-up. Importantly, the majority have been restricted
to subsets of patients that may not be representative of current US population and practice
patterns. Additionally, little is known about patient factors which predict positive outcomes
following MIGS procedures.

To address these limitations, we analyzed data from the American Academy of
Ophthalmology IRIS® Registry (Intelligent Research in Sight), a large longitudinal dataset
of ophthalmic patients representative of the US population. Using IRIS Registry data, we
investigated the rate of reoperation, IOP reduction, visual acuity changes, postoperative
complications based on diagnosis coding, and patient factors predictive of surgical success
for MIGS procedures.

Data collection

We used data from the American Academy of Ophthalmology’s IRIS Registry from January
18, 2013, to December 315t, 2019. The data were retrieved on April 101, 2021. Data

stored within the IRIS Registry are de-identified and Health Insurance Portability and
Accountability Act (HIPAA) compliant. Institutional review board approval was not required
for this study as it does not constitute human subjects research.

Cohort definitions

Glaucoma patients who underwent at least one MIGS procedure (iStent or Hydrus
microstent, Cypass, ab interno Xen gel stent, ECP, goniotomy, or canaloplasty) in at least
one eye during the study period were included. All cases were identified using Current
Procedural Terminology (CPT) codes: iStent and Hydrus microstent (0191T or 0253T,
+0376T for each additional device insertion; hereafter referred to as trabecular bypass
stent), Cypass (0474T), Xen gel stent (0449T, +0450T for each additional device insertion;
internal approach into the subconjunctival space), ECP (66711), goniotomy or ab interno
trabeculotomy or Trabectome (65820, 66990; hereafter referred to as goniotomy), and ab
interno canaloplasty (66174, 66175). The earliest recorded MIGS procedure per eye was
used as the index procedure, and the date of the earliest recorded MIGS procedure was
denoted as the index date. Only eyes with more than 3 months of follow-up after the index
MIGS procedure were included in analyses. We additionally identified eyes that underwent
trabeculectomy (66270, 66172, 66183), and GDDs (66179 without graft, 66180 with graft)
occurring at least 3 months after the index MIGS procedure date.

We excluded 121,523 eyes that underwent trabecular bypass stent or Cypass as index
procedures from further analysis, because it was not possible to distinguish iStent and
Hydrus based on CPT codes and iStent is often performed primarily for medication
reduction, information on which is lacking and incomplete in the IRIS Registry (Figure

1). Cypass had limited follow-up time as it was removed from the market in August of 2018.
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Eyes receiving two or more different glaucoma surgical procedures on the same date in the
same eye were excluded from analyses for both index and subsequent operations (17,473
eyes). Duplicate procedures were identified as the same procedure on the same day in the
same patient in the same eye. The initial procedure observation was kept, and subsequent
entries were excluded. Additionally, duplicate IOP measurements of the same IOP on

the same date in the same patient and the same eye were excluded, and the initial IOP
observation was kept. Patients with poor data quality (i.e., inadequate exam documentation
or missing IOP measurements) or missing eye laterality were excluded (121,523 eyes).
Additionally, we excluded the top 0.1% of IOP outliers (>= 50mmHg, 4686 observations).
No lower limit was set for IOP.

We differentiated all qualifying MIGS procedures based on whether they were performed
concurrently with phacoemulsification (CPT codes: 66982, 66984), defined as procedure
and phacoemulsification codes submitted on the same date for the same eye. We divided the
cohort into two groups: (a) stand-alone MIGS procedures, (b) MIGS procedures concurrent
with phacoemulsification.

Outcome definitions

The primary outcome measure was time to failure by reoperation criteria, which was
defined as any subsequent occurrence of MIGS procedures or traditional glaucoma surgeries
occurring 1 month to 3 years after the index date. We excluded reoperations occurring in

the first month to eliminate observations likely to be duplicates (e.g., index Xen followed by
Xen less than one week later).

Secondary outcomes included (1) mean I0OP change and (2) mean visual acuity (VA) change
(represented using the logarithm of the minimum angle of resolution (logMAR) scale)

at 1 month, 3 months, 6 months, 1 year, 2 years, and 3 years postoperatively. Baseline

IOP and VA were defined as the mean of the 3 measurements immediately prior to

the index MIGS procedure. We used this method to generate a more accurate baseline

IOP because 0P often fluctuates (mean number of days between 3 IOP measurements:
61.5 £ 177.2 days). Sensitivity analysis was performed by using the latest measurement
prior to the index MIGS procedure and revealed no difference in mean baseline IOP

or VA. Visual acuity observations recorded as “counting fingers”, “hand motion”, “light
perception”, and “no light perception” were converted to a logMAR of 2.2, 2.3, 2.4, and 2.5,
respectively.14 We excluded visual acuity observations recorded in Jaeger notation or listed
as “true/false” because Jaeger charts are not standardized and therefore cannot be accurately
converted to logMAR. (3) The number of acute postoperative complications within the

first 90 days was recorded for each procedure and were defined using International
Classification of Diseases (ICD) 10 or 9 codes for corneal edema (H18.2 / 371.2), dislocated
intra-ocular lens (H27.1 / 379.34), endophthalmitis (H44.001 / 360.0/360.1), hyphema
(H21.0/ 364.41), hypotony (H44.4 / 360.3), iridocyclitis (H20 / 364.0-364.3), macular
edema (H59.03/362.07/ 362.83), malignant glaucoma (H40.83 / 365.83), retinal detachment
(H33.0/ 361), vitreous hemorrhage (H43.1 / 379.23), and choroidal hemorrhage (H31.3 /
363.61).

Ophthalmology. Author manuscript; available in PMC 2023 July 05.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Yang et al.

Page 5

Other covariates definitions

To describe baseline features of those undergoing MIGS procedures, we collected
demographics (age, gender, race, and ethnicity), baseline IOP, and glaucoma diagnosis type
and severity.

Glaucoma specific ICD 9 and 10 codes filed with the patient identification number

were used to define six categories of glaucoma diagnosis: (i) suspect glaucoma (365.00
365.01-365.06/H40.01-06) (ii) primary open angle glaucoma (POAG) (365.00 365.01-
365.06 365.1 365.10 365.15 365.11/ H40.01-06 H40.1 H40.10 H40.11 H40.15), (iii)
primary angle-closure glaucoma (PACG) (365.2 365.20-365.24 / H40.2 H40.20-H40.24),
(iv) normal tension glaucoma (NTG) (365.12 / H40.12), (v) pigmentary (365.13/ H40.13)
or pseudoexfoliation glaucoma (PEXG) (365.52 / H40.14), and (vi) secondary glaucoma
due to drugs (365.3 365.31 365.32 / H40.6), due to eye trauma (365.65/ H40.3), due

to eye inflammation (365.62/ H40.4), due to other eye disorders (365.6 365.60 365.61
365.64 / H40.5), other specified glaucoma (365.14 365.4 365.41-365.44 365.5 365.51
365.59 365.63 365.8 365.81 365.82 365.83 365.89 / Q15.0 H40.8 H40.81-H40.83 H40.89),
and unspecified glaucoma (365.9 / H40.9). Only diagnoses documented prior to the index
procedure were used. If the patient had multiple diagnoses listed prior to their index
procedure, the more severe diagnosis was used based on the following severity definition.
Severity of glaucoma was identified using ICD-9 codes (365.7/365.70: unspecified, 365.71:
mild, 365.72: moderate, 365.73: severe, 365.74: indeterminate) and the 4™ decimal place of
ICD-10 codes (0: unspecified, 1: mild, 2: moderate, 3: severe, 4: indeterminate).

Statistical analysis

Distribution of demographic and baseline ocular characteristics for each MIGS procedure,
stratified as stand-alone versus with concurrent phacoemulsification were reported using
descriptive statistics. Continuous variables were expressed as mean and standard deviation
(SD), and categorical variables were expressed as frequencies and percentages. ANOVA
with Bonferroni correction, Chi-Square test, and Fisher’s test were used to compare each
stand-alone MIGS versus MIGS concurrent with phacoemulsification.

Mean I0OP and VA for each MIGS procedure, stratified by concurrent phacoemulsification,
were graphed to depict change over time. We did not calculate medication use as the
accuracy of listed medications in the EMR can be unreliable.1® To account for missing data
as well as longitudinal nature of data, change in mean 10P and mean logMAR from baseline
over time were both calculated using linear mixed effect models. Percentage change from
baseline at 1 year postoperatively was calculated for IOP and compared across procedure
groups using student’s t-tests.

Kaplan-Meier survival analysis was performed to assess failure rate by reoperation criteria,
and data were expressed as time to reoperation with confidence intervals (Cl) for each MIGS
procedure. Log-rank tests were used to compare survival curves. Multiple imputation was
performed to account for missing data in multivariable analysis using the mice package

in R. With this method, we created five iterations of the dataset with predicted values for
missing variables based on the distribution of observed data values. Using the aggregated
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imputed data, multivariable Cox proportional hazard models were then used to determine
patient factors and preoperative ocular features predictive of reoperation using the survival
package in R. We excluded patients with a diagnosis of glaucoma suspect (3570 eyes
(10%)) from the reoperation analysis because patients with suspect glaucoma are typically
not candidates for surgical glaucoma treatment and because these patients are not assigned
glaucoma severity which was included in our models. Final models were adjusted for age,
sex, race, ethnicity, glaucoma diagnosis, glaucoma severity, and baseline I0P by stepwise
selection methods.

P-values < 0.05 were considered statistically significant. We performed the multiple
imputation analysis in RStudio and R version 4.1.3 and all other statistical analyses using
Stata version 16 (StataCorp).

A total of 285,103 eyes from 189,503 glaucoma patients undergoing at least one MIGS were
identified from the IRIS Registry during the study period. After applying our exclusion
criteria, 79,363 eyes from 57,561 glaucoma patients remained. Of these, 15,118 eyes

(19%) underwent stand-alone MIGS procedures, and 64,245 eyes (81%) underwent MIGS
procedures concurrent with phacoemulsification (Figure 1).

Baseline Characteristics:

Demographic and ocular characteristics of each MIGS procedure stratified by concurrent
phacoemulsification are summarized in Table 1. Of all MIGS procedures, ECP (94%) and
goniotomy/canaloplasty (76%) were more likely to be performed with phacoemulsification
than ab intero Xen (29%). Regardless of concurrent phacoemulsification, all MIGS
procedures were performed more frequently in females, Non-Hispanic White patients, and
patients with POAG. Compared with MIGS concurrent with phacoemulsification, those
receiving stand-alone MIGS tended to be younger (66.9 vs 70.1 for ECP and 65.4 vs

71.1 for goniotomy/canaloplasty; p<0.001) and have a higher baseline 10P (20.2 vs 17.7
for ECP, 21.0 vs 18.5 for Xen, 21.2 vs 17.3 for goniotomy/canaloplasty; all p<0.001).
Additionally, eyes receiving stand-alone ECP and goniotomy/canaloplasty were less likely
to have a diagnosis of POAG (53% vs 62% for ECP and 67% vs 75% for goniotomy/
canaloplasty) but more likely to have a diagnosis of secondary glaucoma (22% vs 3%

for ECP and 12% vs 3% for goniotomy/canaloplasty) and severe glaucoma (49% vs

28% for ECP and 50% vs 31% for goniotomy/canaloplasty, p<0.001 for all) than ECP

and goniotomy/canaloplasty concurrent with phacoemulsification. There was no significant
difference in glaucoma severity among ab interno Xen procedures performed with versus
without concurrent phacoemulsification (p=0.195).

Mean intraocular pressure over time

There was a statistically greater percentage reduction in mean 10P from baseline

to postoperative year one in each stand-alone MIGS versus MIGS concurrent with
phacoemulsification (Figure 2A). Patients in the MIGS with phacoemulsification groups
had lower baseline IOP compared to those in the stand-alone MIGS groups. (Baseline
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IOP- stand-alone MIGS vs MIGS concurrent with phacoemulsification: 20.1 mmHg vs 17.7
mmHg for ECP; 21.2 mmHg vs 17.4 mmHg for goniotomy/canaloplasty; 21.1 mmHg vs
18.5 mmHg for Xen). The absolute IOP (% change from baseline) at postoperative year

one for stand-alone MIGS vs MIGS concurrent with phacoemulsification was 16.6 mmHg
(=17%) vs 15.7 mmHg (-11%) for ECP, 15.6 mmHg (-26%) vs 15.1 mmHg (-13%) for
goniotomy/canaloplasty, and 14.3 mmHg (-32%) vs 14.4 mmHg (-22%) for Xen, p<0.001
for all (Figure 2A).

Mean visual acuity over time

In contrast to ab interno Xen and goniotomy/canaloplasty, those who underwent stand-alone
ECP had a significantly worse baseline VA than those who underwent ECP concurrent with
phacoemulsification (Figure 2B). VA significantly worsened from baseline in stand-alone
Xen and goniotomy/canaloplasty at all time points, while no difference in VA change

was found in stand-alone ECP at postoperative year one. All MIGS concurrent with
phacoemulsification resulted in an improvement in VA after postoperative month three
(Figure 2B). At postoperative year one, the percentage improvement in logMAR VA from
baseline for stand-alone ECP vs ECP concurrent with phacoemulsification was (1% vs 43%,
p<0.001). Goniotomy/canaloplasty with phacoemulsification improved VA by 44% while
stand-alone goniotomy/canaloplasty worsened visual acuity by 20%, p<0.001. Xen with
phacoemulsification improved visual acuity by 24% while stand-alone Xen worsened VA by
33% (p<0.001).

Failure by re-operation criteria over time

Kaplan-Meier probability plots of reoperation for those undergoing MIGS procedures
with and without phacoemulsification are shown in Figure 3. Overall, patients who
underwent MIGS concurrent with phacoemulsification had reoperation less often versus
those undergoing stand-alone MIGS. This was most pronounced for ECP and goniotomy/
canaloplasty (Figure 3). For stand-alone MIGS, 24% receiving goniotomy/canaloplasty,
24% receiving Xen, and 15% of eyes receiving ECP required additional intervention by
two years postoperatively (Table 2). For MIGS procedures with phacoemulsification, ECP
and goniotomy/canaloplasty groups had lower reoperation rates of 3% and 6% two years
postoperatively, respectively. On the other hand, similar reoperation rates were found for
ab interno Xen regardless of whether it was performed concurrently with or without
phacoemulsification although the reoperation rate for Xen with phacoemulsification was
statistically lower (24.% and 19% reoperation rates at postoperative year two respectively,
p<0.001).

Multivariable Cox proportional hazard models: risk of re-operation failure

Multivariable Cox proportional hazard models for failure by re-operation criteria are

shown in Table 3 for each MIGs procedure. Non-Hispanic Black race (compared with
non-Hispanic White race) was associated with an increased risk of reoperation in all

MIGS procedures regardless of concurrent phacoemulsification, except for stand-alone ECP
(Table 3A/3B/3C). Additionally, older age was associated with a small decreased risk of
reoperation after goniotomy/canaloplasty concurrent with phacoemulsification (aHR=0.98;
95%CI [0.97-0.98]; p<0.001). When compared to POAG, PACG was a risk factor for failure
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after ECP when performed with concurrent phacoemulsification that associated with a 70%
increased risk of reoperation (PACG: aHR=1.70; 95%CI [1.39-2.08]; p<0.001). PEXG was
associated with an increased risk of reoperation after both stand-alone Xen (aHR=1.53;
95%Cl [1.16-2.02]; p=0.003) and ECP concurrent with phacoemulsification (aHR=1.89;
95%CI [1.46-2.45]; p<0.001). Secondary glaucoma was associated with a two times higher
risk of reoperation after ECP with phacoemulsification (aHR=2.06; 95%CI [1.57-2.69];
p<0.001).

A higher risk of reoperation was seen in those with diagnosis of moderate and severe
glaucoma when compared to mild glaucoma among all MIGS procedures except for
stand-alone ECP and Xen with and without phacoemulsification. Higher baseline IOP was
associated with increased failure risk for all MIGS procedures (Table 3A/3B/3C).

Type of Reoperation Procedure

Regardless of concurrent phacoemulsification, trabeculectomy and GDD were two most
common subsequent surgeries for those undergoing ab interno Xen and goniotomy/
canaloplasty, followed by subsequent MIGS procedures. 75% of initial stand-alone Xen and
81% of initial Xen with phacoemulsification underwent traditional glaucoma surgeries when
reoperation was required and 69% of initial stand-alone goniotomy/canaloplasty and 71%
of initial goniotomy/canaloplasty with phacoemulsification underwent traditional glaucoma
surgeries when reoperation was required. However, different from ab interno Xen and
goniotomy/canaloplasty, subsequent GDD was the most common reoperation type, followed
by subsequent ECP being the second most common reoperation type for those undergoing
initial stand-alone ECP (31% of stand-alone ECP underwent repeat ECP when subsequent
surgery was required). (Figure 4).

Postoperative complications

Postoperative ocular complications that were included in encounter diagnoses within the
first 90 days after the index MIGS procedure are listed in Table 4. Overall, MIGS
procedures had low total documented complication rates: 1% for ECP, 1% for Xen, and
2% for goniotomy/canaloplasty (p<0.001). Hyphema was the most common complication
diagnosed after ab interno Xen and goniotomy/canaloplasty, and it was significantly more
common than after ECP (38% for Xen and 67% for goniotomy/canaloplasty vs. 5% for
ECP, p<0.001). Corneal edema and iridocyclitis were more likely to be diagnosed after
ECP and goniotomy/canaloplasty than after ab interno Xen (34% and 27% for ECP, 33%
and 37% for goniotomy/canaloplasty vs 13% and 7% for Xen; each pairwise comparison:
p<0.001). Vitreous hemorrhage was diagnosed more commonly after ab interno Xen and
goniotomy/canaloplasty compared to ECP (17% for Xen, 20% for goniotomy/canaloplasty
vs 7% for ECP; each pairwise comparison: p<0.001). Diagnosis of choroidal hemorrhage,
endophthalmitis, and retinal detachment were very low in all MIGS procedures, especially
for the ECP and goniotomy/canaloplasty groups (Table 4).
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Discussion

Summary of

Reoperation

findings

In this study of MIGS effectiveness using the IRIS Registry, we found significant

IOP reduction in all groups but that those who underwent MIGS concurrent with
phacoemulsification had a significantly lower rate of reoperation than those undergoing
stand-alone MIGS. Roughly 1 in 7 eyes that underwent stand-alone ECP required re-
operation at 2 years while nearly 1 in 4 eyes that underwent stand-alone goniotomy/
canaloplasty or ab interno Xen (with or without phacoemulsification) required another
operation. We identified several patient and ocular factors associated with higher and lower
hazard for reoperation, namely race, glaucoma severity, baseline IOP, and type of glaucoma.
The two most common choices of subsequent operation were trabeculectomy and GDD

for those with index ab interno Xen and goniotomy/canaloplasty regardless of concurrent
phacoemulsification, while subsequent ECP was the second most common reoperation type
after initial stand-alone ECP. Importantly, coded MIGS complication rates were low overall,
with corneal edema, iridocyclitis, and hyphema being the three most common complications.

rate

There are several possible reasons for lower reoperation rates seen after MIGS concurrent
with phacoemulsification. First, eyes with visually significant cataract but less severe
glaucoma may receive surgery primarily to treat their cataract and only undergo a concurrent
MIGS procedure for better IOP control or to reduce medication burden. Therefore, these
eyes may have better glaucoma control at baseline, lower odds of disease progression

and less need for additional 1OP lowering procedures. Our finding of lower baseline IOP

in eyes undergoing MIGS concurrent with phacoemulsification supports this explanation.
Additionally, older age in patients undergoing concurrent cataract surgery may influence the
reoperation decision. Clinicians may be more reluctant to perform additional procedures in
older patients with shorter life expectancy and less time for glaucoma disease progression.

In contrast to ECP and goniotomy/canaloplasty, we found similar reoperation rates for
ab interno Xen with and without concurrent phacoemulsification. In accordance with our
findings, a previous prospective multicenter cohort study of 202 eyes6 and a prospective
single center study of 149 eyesl’ reported similar success rates with similar reduction

in 10P percentage between Xen-alone and Xen-phacoemulsification at 1 and 2 years,
respectively. Although these studies defined the success rate by IOP reduction criteria as
opposed to our criteria of reoperation, their findings support that the long-term effectiveness
and IOP-lowering effect of the Xen gel stent is likely similar between Xen with and
without phacoemulsification. However, considering that patients in this study undergoing
MIGS with concurrent phacoemulsification have lower IOP at baseline, we would expect
lower reoperation rates in patients undergoing Xen with phacoemulsification compared
to Xen alone. Our finding of similar reoperation rates between ab interno Xen with and
without phacoemulsification suggests Xen with phacoemulsification may be failing at a
higher rate than expected or that surgeons are choosing Xen for eyes that need lower
IOP. Xen is FDA approved for patients with refractory glaucoma, and the 1OP lowering
effect of phacoemulsification may be limited in this more severe form of glaucoma. It is
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also possible that the pro-inflammatory effect of phacoemulsification at the time of Xen
implantation causes scarring and damages bleb function, leading to higher reoperation rates.
It is important to note that patients in the stand-alone Xen group may be pseudophakic since
the IRIS Registry does not have information on lens status at the time of entrance into the
database. A retrospective study from Widder et al.18 on 261 eyes undergoing Xen reported
that pseudophakic eyes had the most favorable success rate compared to phakic eyes and
combination surgery with phacoemulsification. Thus, it is possible our reoperation rate for
stand-alone Xen is lower than what it would be for phakic patients undergoing stand-alone
Xen. Future studies investigating the effectiveness of stand-alone Xen stratified by lens
status are warranted.

Notably, there is a discrepancy in our study between lower reoperation rates yet less
substantial IOP reduction for MIGS concurrent with phacoemulsification compared to
stand-alone MIGS. It has been noted in previous literature reviews1?-21 that eyes with a
higher baseline IOP experience a larger pressure reduction, whether expressed in mmHg

or as percentages. Therefore, this discrepancy may be related to a higher baseline IOP in

the stand-alone MIGS group, leading to greater IOP reduction compared to MIGS with
concurrent phacoemulsification. Even though there is more IOP reduction in stand-alone
MIGS, the absolute IOPs are quite similar between all stand-alone and phacoemulsification-
combined procedures by one year postoperatively. Despite this, it is possible that patients
undergoing stand-alone MIGS had lower target IOP compared to patients undergoing MIGS
with concurrent phacoemulsification who may have better controlled glaucoma at baseline.
Thus, patients in the stand-alone MIGS group may undergo more procedures for more
aggressive 10P control. Similarly, our finding of improved VA in all MIGS procedures
concurrent with phacoemulsification groups but declined or un-changed VA in stand-alone
MIGS procedures groups at one year post-operatively despite similar baseline VA may point
to more advanced and uncontrolled glaucoma in stand-alone group. The only exception

to this trend was seen among those who underwent stand-alone ECP had significantly
worse baseline VA compared to the combined ECP and phacoemulsification group. This
may be because ECP is often reserved for patients with refractory glaucoma who have
failed previous glaucoma surgical interventions.22:23 Additionally, potential complications
of intractable vision loss caused by macular edema and hypotony due to aqueous shutdown
may have contributed to worse visual outcomes in this group.

Predictors of reoperation

We identified several risk factors for reoperation in our analyses. Non-Hispanic Black
patients who underwent MIGS procedures were at higher risk of reoperation compared

to non-Hispanic White patients. This supports the findings of the Advanced Glaucoma
Intervention Study (AGIS) trial?4 which showed that Black patients have a higher failure
rate following initial standard glaucoma interventions compared to White patients.2> With
glaucoma filtering surgeries being the only surgical treatment option available at the time
(without any MIGS procedure on the market yet), the AGIS trial suggests that either
Black patients respond poorly to surgery or have more aggressive glaucoma progression.23
In addition, disparity in access and utilization of eye care leading to more severe and
higher glaucoma progression may also in part explain the higher reoperation rate in Black
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patients.26 Among baseline ocular factors, severe glaucoma and higher baseline 10P were
associated with a higher reoperation rate in all MIGS procedures. A lower 10P target is often
set in severe glaucoma to protect what is left of the nerve fiber layer.2”-28 Therefore, patients
with severe glaucoma may require more interventions to reach a lower target IOP.

Our study found that different types of glaucoma were associated with risk of reoperation
failure. Eyes with PACG that underwent ECP concurrent with phacoemulsification were
more likely to receive an additional reoperation than those with POAG, while this effect was
not seen in those eyes receiving stand-alone ECP. Previous studies?®-31 have reported that
IOP reduction after primary lens extraction is consistently greater in eyes with PACG than
in eyes with POAG. Because ECP is typically performed as a stand-alone procedure only

in pseudophakic eyes, our findings of no increased reoperation risk for PACG patients in

the stand-alone ECP group suggests that lens removal prior to ECP may be superior to lens
removal at the time of ECP. It is also possible that eyes undergoing ECP with concurrent
phacoemulsification have more severe PACG and require acute lens removal whereas those
undergoing stand-alone ECP have better disease control given previous lens removal. The
higher reoperation risk in secondary glaucoma eyes receiving ECP with phacoemulsification
compared to POAG eyes reflect a higher baseline 10P and subsequent need for increased
interventions in this glaucoma subtype.

Interestingly, patients with pigmentary/PEXG were more likely than POAG patients to
require another operation after receiving an initial stand-alone Xen. Because the underlying
mechanism of these glaucoma subtypes is due to accumulated extracellular material and
pigment within trabecular meshwork, the lumen of the Xen gel stent might be at risk for
internal obstruction by pseudoexfoliation material. However, a recent studyl’ investigating
107 eyes showed contrasting results that the Xen gel implant as a stand-alone or combined
procedure demonstrated similar complete success rates (IOP<=16mmHg) in PEXG and
POAG eyes (63% vs 42%, p=0.06) at 1 year and that PEXG diagnosis was a potential
predictive factor for surgical success. Future RCTs are needed to shed light on the role of
MIGS in PEXG.

Patients who underwent index MIGS procedures most often underwent reoperation with
traditional glaucoma surgery while patients who underwent initial ECP were also more
likely to receive another ECP for reoperation. ECP is a potentially titratable and repeatable
procedure used to lower IOP in a wide variety of glaucoma types and severities. Through
different approaches (anterior vs posterior)23 and ablation of varying degrees and lengths of
the ciliary processes (one vs two corneal incisions),32 the aggressiveness of the procedure
can be titrated to potentially reach a lower target IOP. Our results show that repeat ECP is
often used when an initial ECP is unsuccessful whereas traditional glaucoma surgery is used
for reoperation in the setting of failed goniotomy/canaloplasty or ab /interno Xen.

Postoperative complications

Overall, the documented complication rates for MIGS in the IRIS Registry database were
very low, substantially lower than in previous studies.33:34 Postoperative complications are
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almost certainly underestimated here because ICD coding of postoperative complications
may not be common in clinical practice. However, our findings regarding types of
complications seen after MIGS and the rare rate of visually threatening complications

are similar to what has been documented.33 Among angle-based MIGS procedures like
OMNI and GATT, complications other than hyphema tend to be similar to those from
phacoemulsification alone. Additionally, most of the complications seen are transient and do
not require additional surgical intervention.3®

Using the IRIS Registry, we present the outcomes of MIGS procedures in current US
clinical practice. In contrast to previous prospective studies and RCTs which compare MIGS
procedures concurrent with phacoemulsification to phacoemulsification alone, here we
compare MIGS procedures performed with concurrent phacoemulsification to stand-alone
MIGS.

Several limitations of this analysis should be considered. First, given the retrospective and
nonrandomized nature of our study, we are unable to determine the exact indications for
each procedure, and there are almost certainly underlying differences between patients in
the various procedure groups that bias our results. Additionally, after applying exclusion
criteria, we excluded approximately 75% of the MIGS procedures initially identified. While
we feel that strict exclusion criteria are necessary for this large database study; it is possible
that limiting the cohort may bias the results. Because of missing data on medications in the
IRIS Registry, we were not able to include IOP in our failure criteria. Some patients may
receive MIGS procedures for reducing medication burden rather than IOP reduction and
should not be counted as a failure if IOP remains the same, yet their medication burden is
reduced. Second, we were unable to determine patients’ lens status prior to the entry into
the IRIS Registry. This is particularly true for those who underwent stand-alone goniotomy
or canaloplasty as they may have been phakic or pseudophakic. This may partially bias

our outcomes when comparing the effectiveness of stand-alone MIGS to MIGS combined
with phacoemulsification. Additionally, patients in both the stand-alone MIGS and MIGS
with phacoemulsification groups may have undergone glaucoma surgery prior to entering
the IRIS Registry, although we would expect this to be evenly distributed across the groups.
Procedures in the IRIS Registry are based on billing codes extracted from the electronic
health records. This limited our ability to evaluate more specifically which MIGS procedure
was performed because some CPT codes include a group of similar procedures (e.g., CPT
code 65820 indicates either ab /interno goniotomy, ab interno trabeculotomy, or Trabectome).
Additionally, while ab interno Xen and ab externo Xen were differentiated by CPT codes
(CPT code : 0449T for ab interno Xen; 66183 for ab externo Xen) in our study, it may not
always be possible to make this distinction accurately. Also, Xen implants placed ab externo
are coded under CPT code 66183 which also includes procedures like the EXPRESS shunt
as part of a trabeculectomy. Although we chose the codes most specific for each procedure,
minor overlaps may influence the results. Additionally, we did not have information on
ophthalmologist type (comprehensive vs subspecialist ophthalmologist). Bias may arise due
to the surgeons’ proficiency and access to MIGS. Last, the IRIS Registry captures a greater
proportion of private ophthalmic practices vs tertiary academic centers, which potentially
limits the generalizability of our results.
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We found that in the current US clinical practice in the IRIS Registry, MIGS has
substantially lower reoperation rates when performed with phacoemulsification. Importantly,
nearly one quarter of patients undergoing stand-alone ab interno Xen and goniotomy/
canaloplasty required reoperation by 2 years. Black patients, eyes with moderate to severe
glaucoma, and high baseline 0P had higher risk of reoperation after MIGS procedures.
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MIGS microinvasive glaucoma surgery
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IRIS® Registry

Intelligent Research in Sight

I0P intraocular pressure

CPT Current Procedural Terminology

VA visual acuity

logMAR logarithm of the minimum angle of resolution
ICD International Classification of Diseases
POAG primary open angle glaucoma

PACG primary angle-closure glaucoma

NTG normal tension glaucoma

PEXG pseudoexfoliation glaucoma

ANOVA analysis of variance

SD standard deviation

Cl confidence interval

FDA US Food and Drug Administration

aHR adjusted hazard ratio

GATT gonioscopy-assisted transluminal trabeculotomy
™ trabecular meshwork
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Figure 1.
Flowchart of Micro-invasive Glaucoma Surgery procedure identification in IRIS Registry
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Figure 2. Mean Intra-Ocular Pressure and Visual Acuity over course of follow-up
A. mean IOP over time: X axis: Follow-up (month) after procedure. Y axis: Mean
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phacoemulsification.). B. mean VA over time: X axis: Follow-up (month) after procedure. Y
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with phacoemulsification). Abbreviation: MIGS, micro-invasive glaucoma surgery.
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