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Purpose: To evaluate the postoperative outcomes of patients undergoing cataract surgery, OMNI canaloplasty, and Hydrus Microstent
implantation compared to patients undergoing cataract surgery with OMNI canaloplasty alone.

Methods: This was a retrospective, single surgeon study. Eligible charts were from adults that had a diagnosis of mild to moderate
primary open angle glaucoma and preoperative mild to moderate visual field loss. Outcome measures included mean number of ocular
hypotensive medication prescribed, intraocular pressure (IOP), number of glaucoma secondary surgical interventions (SSI), and visual
field mean deviation and pattern standard deviation. Data were collected up to 24 months postoperatively.

Results: The chart review has identified 45 eyes in the Hydrus/fOMNI Group and 35 eyes in the OMNI Group. The mean number of
glaucoma medications improved from 2.9 preoperatively to 2.1 at 24 months postoperatively in the Hydrus/OMNI Group compared to
1.9 preoperatively to 1.6 at 24 months postoperatively in the OMNI Group. Mean postoperative IOP was stable in both groups.
Conclusion: The results of this study suggest that after both combination cataract, Hydrus Microstent/OMNI surgery and combina-
tion cataract and OMNI surgery, the number of glaucoma medications was reduced for 2 years postoperatively, but the reduction was

not significantly different between groups.

Plain Language Summary: The progression of glaucoma is strongly linked to intraocular pressure (IOP). As such, treatments tend
to focus on lowering IOP, such as microinvasive glaucoma surgery (MIGS). The Hydrus Microstent and the OMNI canaloplasty
procedures are both MIGS procedures that are considered less invasive that traditional glaucoma surgeries, with faster visual recovery,
and can result in less serious complications. Combining these two MIGS procedures may also be useful in avoiding future potentially
riskier surgeries. However, there are minimal data on the effectiveness of these combined MIGS procedures in patients undergoing
cataract surgery. The purpose of this study was to evaluate the postoperative outcomes of patients undergoing cataract surgery, OMNI
canaloplasty, and Hydrus implantation compared to patients undergoing cataract surgery with OMNI canaloplasty alone. The results of
this study suggest that after both combination cataract, Hydrus Microstent/OMNI surgery and combination cataract and OMNI surgery,
the number of glaucoma medications is reduced for 2 years postoperatively, but the reduction was not significantly different between
groups. Results also suggest that IOP was stable in both groups over the same period.
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Introduction
Glaucoma affects an estimated 60.5 million people worldwide and 5.7 million people in the United States." The
progression of this disease is strongly linked to intraocular pressure (IOP).>* As such, treatments tend to focus on

lowering IOP through medications, laser therapy, traditional surgery, and microinvasive glaucoma surgery (MIGS). The
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use of MIGS compared to traditional glaucoma surgery may lead to fewer complications,*> but may also have reduced
efficacy.®

The OMNI surgical system (Sight Sciences, Inc., Menlo Park, CA, USA) is a MIGS procedure that facilitates ab-
interno canaloplasty followed by trabeculotomy using a single device.” It was approved by the US Food and Drug
Administration in 2017 for cases of mild to moderate primary open angle glaucoma (POAG). The OMNI Surgical
System is a manually operated device used to thread Schlemm’s canal circumferentially (180 or 360 degrees) using
a microcatheter.® With this device, the surgeon is able to perform an ab interno canaloplasty and address outflow
obstruction by delivering viscoelastic to dilate Schlemm’s canal and the distal outflow channels. The OMNI system does
not provide a bypass of the resistance at the trabecular meshwork and the dilatory effect on the canal may be temporary.
In the GEMINI study, outcomes of phacoemulsification used in combination with the OMNI surgical system were
evaluated over 36 months.”'® The results suggest long-term effectiveness of IOP lowering and reduction in the number
of glaucoma medications.

The Hydrus Microstent (Alcon Vision LLC, Fort Worth, TX, USA) is a MIGS device that is designed to be implanted
with the inlet in the anterior chamber and the rest of the device inserted into Schlemm’s canal. The aim of this device is
to bypass the trabecular meshwork and permanently stent open Schlemm’s canal.'' One potential drawback is that it only
spans 90° of the canal’s circumference. In 2018, Hydrus was approved by the US Food and Drug Administration for
cases of mild to moderate POAG in conjunction with cataract surgery. The HORIZON pivotal trial, compared the
outcomes of cataract surgery alone to cataract surgery combined with Hydrus Microstent, up to 5 years postoperatively.'>
Reports suggest a greater reduction in the number of glaucoma medications in the combined group compared with
cataract surgery alone.'>"?

The Hydrus Microstent and the OMNI canaloplasty procedures are both ab interno and are considered less invasive
raditional glaucoma surgeries. They can have a faster visual recovery, and result in less serious complications compared
to traditional glaucoma surgeries, all while sparing the conjunctiva for future interventions.” The addition of Hydrus
Microstent to OMNI Canaloplasty may be beneficial in maintaining the long term scaffolding of Schlemm’s canal after
the initial dilation and by allowing aqueous to bypass the resistance of the trabecular meshwork. The addition of OMNI
Canaloplasty may be beneficial in providing up to 360° of treatment compared to 90° with the Hydrus alone. Thus, these
two MIGS procedures may be synergistic as a first surgical intervention to avoid potentially riskier filtering surgeries.
However, there are minimal data on the postoperative medication reduction of combined MIGS procedures in patients
undergoing cataract surgery. The purpose of this study is to evaluate the postoperative outcomes of patients undergoing
cataract surgery, OMNI canaloplasty, and Hydrus implantation compared to patients undergoing cataract surgery with
OMNI canaloplasty alone.

Methods

This was a retrospective chart review of 2-year clinical outcomes with OMNI canaloplasty compared to combination
OMNI canaloplasty and Hydrus Microstent in cataract surgery patients with mild to moderate glaucoma. An independent
institutional review board approved the study (Salus IRB, approval VT-23-01). A waiver of informed consent was
granted as this was a non-interventional chart review of anonymized data. Confidentiality was maintained for all data. As
a retrospective study, there was no need to register in a clinical trials database. The tenets of the Declaration of Helsinki,
International Harmonization (ICH) guidelines, and good clinical practice were adhered to.

Consecutive charts were reviewed for patients that had surgery between November 2019 and October 2023. Charts
were included from patients with mild-to-moderate POAG who were on topical glaucoma medications and had under-
gone cataract extraction with OMNI canaloplasty plus successful Hydrus implantation or cataract extraction with OMNI
canaloplasty alone, and who had pre-operative mild-to-moderate visual field (VF) loss as defined by Hodapp-Anderson-
Parrish criteria.'* Charts were excluded for patients with angle closure glaucoma or secondary forms of glaucoma due to
neovascularization of the angle, uveitic glaucoma, congenital glaucoma, or glaucoma due to congenital anomalies,
abnormal anterior segment examination other than cataract. Patients with pigment dispersion and pseudoexfoliation, or
refractory cystoid macular edema (CME) or CME persisting 3 months or more postoperatively were also excluded.
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From eligible charts, data were collected preoperatively, and at 1 week, 1, 3, 6, 12, and 24 months postoperatively.
Data included number of glaucoma medications, IOP (measured by Goldmann applanation tonometry), visual field mean
deviation and pattern standard deviation (measured with the Humphrey Field Analyzer (Carl Zeiss Meditec) using SITA
standard 24-2, retinal nerve fiber layer (measured with the Spectralis optical coherence topographer (Heidelberg
Engineering) at the central retina), and secondary surgical interventions. The primary outcomes measure was the change
in number of glaucoma medications. Other outcomes measures were IOP, visual field mean deviation and pattern
standard deviation, retinal nerve fiber layer, visual acuity, and secondary surgical interventions.

A single experienced surgeon performed all procedures. The primary reason for surgery was cataract extraction.
Patients were controlled on their current IOP regimen but had a desire to reduce topical glaucoma mediation burden.
Choice of MIGS procedure was at the discretion of the surgeon and based on patient individual characteristics. The
ophthalmic viscosurgical device used was Healon (Johnson & Johnson). In the Hydrus/OMNI group, 1 hydrus Microstent
was implanted per eye.

The software R was used for all statistical analyses (version 4.4.0, The R Foundation for Statistical Computing,
Vienna, Austria). An unfortunate drawback with a retrospective study is that not all data may be available for all subjects
at each timepoint. Thus, the analysis for this study focused on the mean difference from the same eyes preoperative to
postoperative rather than summarizing the means of all data collected at each timepoint or summarizing the difference in
means, where possible. Data for mean number of medication and IOP were compared using linear mixed effect models,
which accounted for bias from multiple measures with the same eye. All other data are presented with descriptive
statistics only. A p <0.05 was considered significant. We estimated that the study would require a total sample size of 51
eyes to detect a 0.5 difference in the change in number of medications between groups, assuming a pooled standard
deviation of 0.6, power 80%, and alpha 0.05.

Results
A total of 45 eyes (of 35 patients) and 35 eyes (of 27 patients) eligible charts were identified in the Hydrus/OMNI and
OMNI groups respectively. Preoperative and patient demographics are summarized in Table 1.

Changes in number of medications compared to baseline are summarized in Table 2. Reductions in number of
medications compared to baseline were sustained in both groups for up to 24 months. At 24 months postoperatively, the
mean number of medications were 0.6 less (23%) in the Hydrus/OMNI group and 0.7 less (30%) in the OMNI group

Table | Preoperative and Demographic Data

Baseline Factor Hydrus/OMNI* OMNI*
Number of Eyes (patients) 45 (35) 35 (27)
Age (years) 774 £ 6.5 (67 to 92) 76.3 £ 8.5 (59 to 93)
Race

Asian 5(14) I (4)

Black 8 (23) 5(19)

Hispanic 0 (0) 1 (4)

White 10 (29) 6 (22)

Not disclosed 12 (34) 14 (51)
Mean # of Medications 29+120tob) 1.9+ 1.1 (0 to 4)
# of Medications; n (%)

0 2(4) 309

| 3(7) 10 (29)

2 10 (22) I @3l)

3 15 (33) 9 (26)

4 13 (29) 2 (6)

5 2(4) 0(0)

(Continued)
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Table | (Continued).

Baseline Factor

Hydrus/OMNI*

OMNI*

IOP (mmHg)

RNFL (um)

CDVA (logMAR)
Mean Deviation (dB)
PSD (dB)

17.0 + 49 (10 to 33)
73.7 + 36.9 (34 to 268)
0.44 + 0.42 (0.0 to 2.00)
83+ 7.8 (-29.6 to |.4)
53+35 (13t 153)

16.0 + 4.6 (7 to 25)
745 +21.6 (36 to 115)
0.54 + 0.68 (0.0 to 3.00)
~78£73 (-253 to 1.6)
57 %37 (16t 128)

Note: *Data presented as Mean * SD (Range) or n (%).
Abbreviations: CDVA, corrected distance visual acuity; D, diopters; IOP, intraocular pressure;

PSD, pattern standard deviation; RNFL, retinal nerve fibre layer; SD, standard deviation.

Table 2 Number of Medications

Month Hydrus/OMNI OMNI P-value®
n | Mean * SD (Range) | Change from Baseline | n | Mean * SD (Range) | Change from Baseline
Mean * SD (%)* Mean * SD (%)*

0 45 29+ 12 (0to5) - 35 1.9% 1.1 (0to5) - -
0.25 43 1.7+ 1.3 (0to 4) -1.2+ 1.5 (41) 34 I.1 £1.2(0to4) —0.8 + 1.3 (42) 0.16

| 41 20+ 14 (0to5) —09 + 1.5 (32) 31 1.4+ 1.2 (0to4) —0.5 + 1.3 (28) 0.28

3 39 21 £14(0to5) —0.8 + 1.5 (29) 26 1.2+ 1.4 (0to5) —0.7 £ 1.5 (35) 0.75

6 38 21 £13(0to5) —0.7 £ 1.5 (25) 25 1.3+ 1.2 (0to3) —0.6 + 1.2 (32) 0.88
12 32 22+ 1.4 (0to6) —0.8 + 1.6 (27) 19 1.2 £ 1.0 (0 to 3) —1.I £ 1.3 (49) 091
24 16 2.1 £1.5(0to 6) —0.6 + 1.8 (21) 20 1.6 £ 1.5 (0 to 5) —0.7 £ 1.6 (32) 0.56

Notes: *Difference from the same eyes baseline to postoperative. AComparing change from baseline between groups.
Abbreviation: SD, standard deviation.

compared to baseline, respectively. There were no significant differences between groups at any timepoint. However, it

should be noted that subjects in the Hydrus/OMNI group were on an average of 2.9 medications at baseline compared to

1.9 in the OMNI group.

Changes in IOP compared to baseline are summarized in Table 3. Mean postoperative IOP were stable in both groups
up to 24 months, compared to baseline. At 24 months postoperatively, mean IOP was 17.2 mmHg in the Hydrus/OMNI

Table 3 Intraocular Pressure

Month Hydrus/OMNI OMNI P-value?

n Mean * SD Change From Baseline | n Mean * SD Change from Baseline

(Range) in mmHg Mean t SD (Range)* (Range) in mmHg Mean t SD (Range)*

0 45 | 17.0 £ 4.9 (10 to 33) - 35 | 16.0 4.6 (7 to 25) - -
0.25 43 17.7 £ 7.7 (8 to 36) 0.8 £ 87 (13 to 25) 34 | 178 +9.0 (4to42) 1.8 £89 (-1l to 28) 0.36
| 42 16.7 + 4.9 (8 to 30) —05+64(—19to 18) 31 15.6 + 6.4 (8 to 38) —0.5+ 6.4 (-9 to 24) 0.86
3 39 16.5 £ 5.5 (9 to 34) —0.6 + 6.1 (—14 to 14) 26 | 15.7 £ 4.4 (10 to 26) —1.2+48 (-1l to 12) 0.46
6 38 | 15.2 4.8 (10 to 30) —1.8+58 (12 to 16) 24 | 134+39 (7t023) —1.9+42 (12 to 4) 0.06
12 32 153 £ 3.5 (9 to 24) —2.1 £52 (-17 to 5) 19 | 13.6 %39 (8to2l) —1.1 +48 (-10 to 6) 0.55
24 16 | 17.2 £ 3.2 (12 to 25) 0.1 £59 (-17t0 7) 20 [ 149 6.1 (I to 23) —0.8 % 6.6 (—14to I3) 0.66

Notes: *Difference from the same eyes baseline to postoperative. *Comparing change from baseline between groups.
Abbreviation: SD, standard deviation.

https:
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Table 4 Mean Deviation

Month Hydrus/OMNI OMNI

Month | n | Mean £ SD (Range) in dB | n | Mean % SD (Range) in dB
0 41 —83+78(-29.6to 1.4) 31 —7.8 +73 (-25.3 to 1.6)
12 16 —9.8 + 10.6 (—31.6 to 3.2) 15 —9.2+95 (280 to 1.9)
24 5 =133 £75 (-25.7 to —6.7) 8 —13.0 £ 9.6 (—25.7 to —0.5)

Abbreviation: SD, standard deviation.

Table 5 Retinal Nerve Fiber Layer Thickness

Month Hydrus/OMNI OMNI

Month | n | Mean  SD (Range) in pm | n | Mean £ SD (Range) in pm
0 43 73.7 £ 36.9 (34 to 268) 30 745 £ 21.6 (36 to |15)

6 12 842 + 15.2 (62 to |15) 17 67.8 £ 20.4 (38 to 109)

12 8 74.1 273 (38 to 112) 9 109.7 £ 76.5 (53 to 307)
24 9 724 + 23.6 (40 to 105) I 74.0 + 24.7 (32 to 100)

Abbreviation: SD, standard deviation.

group (17.1 mmHg at baseline for the same subjects) and 14.8 mmHg in the OMNI group (15.6 mmHg at baseline for the
same subjects), respectively. In addition, at 24 months postoperatively 75% of eyes achieved medicated IOP 18 mmHg or
less in the Hydrus/OMNI group compared to 70% in the OMNI group. There were no significant differences between
groups at any timepoint.

Table 4 summarizes mean deviation from baseline to 24 months postoperatively. Average mean deviation at 24
months postoperatively was —13.3 dB in the Hydrus/OMNI group (—6.9 dB at baseline for the same subjects) and —13.0
dB in the OMNI group (—7.8 dB at baseline for the same subjects), respectively. Likewise, mean postoperative PSD were
stable in both groups, compared to baseline. At 24 months postoperatively, mean PSD was 6.7 dB in the Hydrus/OMNI
group (5.6 dB at baseline for the same subjects) and 7.3 dB in the OMNI group (6.0 dB at baseline for the same subjects),
respectively.

Changes in RNFL thickness overtime are summarized in Table 5. Mean postoperative RNFL thicknesses were stable
in both groups, compared to baseline. At 24 months postoperatively, mean RNFL thickness was 72.4 pm in the Hydrus/
OMNI group (74.3 um at baseline for the same subjects) and 74.0 pum in the OMNI group (77.0 um at baseline for the
same subjects), respectively.

There were 3/44 subjects that required secondary surgical interventions (SSI) in the Hydrus/OMNI group. These
were 1) Xen gel stent (Allergan) and intraoperative mitomycin C, selective laser trabeculoplasty, and bleb needling with
5FU, 2) Xen gel stent and intraoperative mitomycin C, selective laser trabeculoplasty, and Iridex micropulse laser, and 3)
Xen gel stent and intraoperative mitomycin C. There were no SSI in the OMNI group.

Discussion

This study evaluated the postoperative outcomes of patients undergoing cataract surgery, OMNI canaloplasty, and Hydrus
implantation compared to patients undergoing cataract surgery with OMNI canaloplasty alone. To the best of our
knowledge, this is the first study to compare outcomes of Hydrus/OMNI to those of OMNI alone, in cataract surgery
patients. The primary outcome measure was the change in number of medications compared to baseline. At 24 months
postoperatively, the mean number of medications were 2.1 (21% reduction) and 1.6 (32% reduction) in the Hydrus/
OMNI and OMNI groups respectively. The GEMINI trial reported a mean number of medications of 0.4 (75% reduction)
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for combined OMNI and cataract surgery at 24 months postoperatively,'® lower than our study. However, the baseline
mean number of medications was 1.6, which was lower than baseline for both of the groups in our study. In the
HORIZON trial, mean number of medications was 1.4 (18% reduction) at 24 months postoperatively, also lower than our
study. As with the GEMINI study, the baseline number of medications (1.7) was lower than both groups in our study. We
are aware of one report of combined Hydrus, OMNI, and cataract surgery. In a retrospective study, Dickinson et al'®
compared combined Hydrus, OMNI, and cataract surgery to combined Hydrus and cataract surgery. The Hydrus/OMNI
group was reported to have a mean number of medications of 0.2 (1.4 at baseline, 86% reduction), compared to 0.6 (1.7
at baseline, 65% reduction) in the Hydrus group, at 6 months postoperatively.

A secondary outcome measure was the change in IOP compared to baseline. At 24 months postoperatively, mean IOP
were 17.2 mmHg (17.1 mmHg at baseline) and 14.9 mmHg (15.6 mmHg at baseline) in the Hydrus/OMNI and OMNI
groups, respectively. The GEMINI trial reported a mean IOP of 16.7 mmHg (23.1 mmHg at baseline) for combined
OMNI and cataract surgery at 24 months postoperatively.'® In the HORIZON trial, mean IOP was 16.6 mmHg
(25.5 mmHg at baseline) at 24 months postoperatively. The IOP in our study was measured without washout, while
those of the GEMINI and HORIZON trials were taken after washout, which may explain the differences in our study.
Dickinson et al'® reported that the mean IOP in the Hydrus/OMNI group was 13.6 mmHg (16.4 mmHg at baseline)
compared to 14.1 mmHg (16.2 mmHg at baseline) in the Hydrus group, at 6 months postoperatively.

We did not find any significant differences between the Hydrus/OMNI and OMNI groups. Though we cannot rule out
that there is in fact no difference, statistical comparisons were hindered due to a few limitations with our study. First, the
sample size was small and with the collection of real-world retrospective data, the sample size was smaller at the longer
follow-up time periods. Patient retention was further challenged by the global pandemic occurring at the time. Second,
patient-specific factors would have influenced surgeon selection for combined MIGS and cataract surgery, which can
introduce bias. For example, patients in the Hydrus/OMNI group were on more medications, on average, than the OMNI
group. This limitation in baseline medications could have been overcome using propensity score matching (PSM),
however, given the small sample size and attrition overtime, PSM would have led to even fewer cases for meaningful
analysis. Third, patient medication compliance could have also confounded our results as there was no medication
washout in our retrospective study. Finally, it is also important to note that cataract surgery alone can have a significant
impact on medication usage and IOP.”'%!'%!*> Our study did not include a control group of cataract-only patients, and
therefore we cannot discern the individual impact from each of the three procedures studied (phacoemulsification,
Hydrus Microstent, and OMNI canaloplasty). Despite these limitations, our study provides real-world evidence of the
efficacy and safety of using combined MIGS and cataract surgery in mild to moderate POAG patients. However, future
studies with larger sample sizes are required to validate our findings.

In conclusion, the results of this study suggests that after combination cataract, Hydrus Microstent, and OMNI
canaloplasty and combination cataract and OMNI surgery, the number of glaucoma medications were reduced in both
groups for 2 years postoperatively, but the reduction was not significantly different between groups.
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