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Purpose: To provide extended safety and effectiveness follow-up for eyes treated with circumferential canaloplasty and trabeculot
omy (CP+TR) that were included in the 12-month ROMEO study.
Setting: Seven multi-subspecialty ophthalmology practices located in 6 states (Arkansas, California, Kansas, Louisiana, Missouri, and 
New York).
Design: Retrospective, multicenter, IRB approved.
Subjects: Eligible eyes had mild–moderate glaucoma and were treated with CP+TR with cataract surgery or as a standalone 
intervention.
Methods: Main outcome measures were mean IOP, mean number of ocular hypotensive medications, mean change in number of 
medications, proportion of patients with a ≥20% reduction in IOP or with IOP ≤18 mmHg, and proportion of patients medication free. 
Safety outcomes were adverse events and secondary surgical interventions (SSI).
Results: Eight surgeons at 7 centers contributed 72 patients stratified by pre-operative intraocular pressure (IOP); >18 mmHg (Grp1), 
≤18 mmHg (Grp2). Mean follow-up of 2.1 years (min 1.4, max 3.5). 2-year IOP (SD) was 15.6 mmHg (−6.1 mmHg, −28% from 
baseline) on 1.4 medications (−0.9, −39%) for Grp1 with cataract surgery; 14.7 mmHg (−7.4 mmHg, −33% from baseline) on 1.6 
medications (−0.7, −15%) for Grp1 standalone, 13.7 mmHg (−0.6 mmHg, −4.2%) on 1.2 medications (−0.8, −35%) for Grp2 with 
cataract surgery, 13.3 mmHg (−2.3 mmHg, −14.7%) on 1.2 medications (−1.0, −46%) for Grp2 standalone. The proportion of patients 
at 2 years with either a ≥20% IOP reduction or IOP between 6 and 18 mmHg and no increase in medication or SSI was 75% (54 of 72, 
95% CI 69.9%, 80.1%). One-third of patients (24 of 72) were medication free whereas 9 of 72 were pre-surgical. No device-related 
adverse events during extended follow-up; 6 eyes (8.3%) required additional surgical or laser intervention for IOP control after 12 
months.
Conclusion: CP+TR provides effective IOP control that is sustained for 2 years or more.
Keywords: canaloplasty, trabeculotomy, MIGS, OMNI, glaucoma

Introduction
The ROMEO (Retrospective, Observational, Multicenter, Evaluation of OMNI) study was the first multicenter clinical 
evaluation of canaloplasty followed by trabeculotomy using the OMNI® Surgical System (OSS, Sight Sciences, Menlo 
Park, CA, USA) for treatment of mild to moderate open-angle glaucoma (OAG) as a standalone procedure in 
pseudophakic eyes or combined with phacoemulsification cataract surgery. The results from ROMEO were the basis 
for its FDA-cleared indication “to reduce intraocular pressure in adult patients with primary open-angle glaucoma”. 
While the strengths of the ROMEO study included data collection at multiple investigative sites from multiple surgeons 
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across several US states, and outcomes derived from actual day to day clinical usage in the treatment of glaucoma 
patients rather than study subjects, follow-up was limited to 12 months, a relatively short period considering that 
glaucoma is a life-long disease.

Longer follow-up is desirable, and indeed essential, to assess the durability of IOP-lowering effectiveness, and for the 
detection of potential delayed safety signals.1,2 Many micro-invasive glaucoma surgery (MIGS) device or procedure 
studies are limited to just 6–12 months of follow-up, although there are a few exceptions, notably the PMA trials (2-year) 
with post-approval safety extensions through 5 years required by the US Food and Drug Administration for the MIGS 
implants.3,4 The paucity of longer-term data is often cited as an important gap in the evidence available for MIGS.5

The aim of the present study was to return to several of the ROMEO investigative sites and collect additional follow- 
up on the ROMEO patients to assess durability of the treatment effect and monitor safety through 2 years post-surgery.

Methods
This was a multicenter, retrospective, stratified, observational study of all eyes meeting eligibility criteria. Seven of 11 
original ROMEO study sites participated in this study, representing 86% of the original enrollment (111 of 129) in 
ROMEO. Patients were stratified into two groups: baseline (BL) IOP >18 mmHg (Group 1), and BL IOP ≤18 mmHg 
(Group 2). All surgeries took place between March 14, 2018 and June 20, 2019.

Design of the study, including datapoints, eligibility criteria, and 100% source data verification, was based on the 
FDA guidance document, Use of Real-World Evidence to Support Regulatory Decision-Making for Medical Devices, 
August 31, 2017. This study included all patients from the ROMEO study at the participating sites for whom a minimum 
of 18 months follow-up data was available, ie, not lost to follow-up.

Eligibility criteria for ROMEO have been described in detail elsewhere.6,7 In brief, these were: underwent canalo
plasty and trabeculotomy with OSS; had a diagnosis of open-angle glaucoma including pigmentary (PG) and pseudoex
foliative glaucoma (PXG); visual field mean deviation (Humphrey) was not worse than −12 dB; cup to disc ratio was not 
worse than 0.9; on 0–4 topical ocular hypotensive medications at the pre-operative baseline (BL); and a pre-operative 
medicated IOP ≤36 mmHg.

Inclusion in the present extension study required a minimum of 18 months of follow-up unless there had been 
a secondary surgical intervention for IOP control (SSI) prior to 18 months; such patients were treated as failures for 
binary endpoints (eg ≥20% IOP reduction); IOP and medication use data subsequent to the SSI were not included in the 
endpoint analyses. Only one eye per patient could have been enrolled in ROMEO.

Additional data collected at 18 months or longer included IOP (Goldmann), ocular hypotensive medication use, best 
corrected visual acuity (Snellen), adverse events, and any secondary laser or surgical procedures for IOP control (SSI).

The study was reviewed by the WCG Institutional Review Board (Puyallup, WA, USA) and waiver of consent was 
granted due to the retrospective non-interventional nature of the study. All patient data was treated with confidentiality, in 
accordance with the Declaration of Helsinki. This study is not considered an “Applicable Clinical Trial” under 42 CFR 
11.22(b) and was therefore not required to be listed on clinicaltrials.gov.

All surgeries for eyes with extended follow-up were performed by the authors (BW, SV, AC, LH, DS, AA, JC). The 
surgical technique for the OSS was described in detail previously.6,7 The procedure was performed via a temporal clear 
corneal incision (~2 mm) (the same incision as created for the cataract surgery for combined cases) The anterior chamber 
(AC) was irrigated with 2% lidocaine and deepened with viscoelastic. The OSS was introduced through the incision into 
the AC. A small <1 mm goniotomy was created with the cannula tip in the nasal trabecular meshwork allowing access to 
Schlemm’s canal. The microcatheter was advanced for 180° and, when retracted, viscoelastic was delivered dilating the 
canal and distal outflow pathway. This was repeated for the opposite hemisphere to viscodilate 360°, if desired. 
Advancing the microcatheter again and then withdrawing by removal of the OSS through the corneal incision unroofed 
Schlemm’s canal creating the trabeculotomy. The AC was then irrigated with BSS removing viscoelastic, and the AC was 
pressurized. Typical post-operative treatment included a topical steroid, and antibiotic.

Endpoints for this descriptive, extended follow-up study included mean IOP, median percent change in IOP from pre- 
operative BL, mean number of ocular hypotensive medications, mean change in the number of medications, proportion of 
patients with a ≥20% reduction from BL in IOP, proportion of patients with IOP ≤18 mmHg, and proportion of patients 
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medication free. Endpoints were planned to be stratified by type of procedure (combined with cataract surgery or 
standalone in pseudophakic patients), and by BL IOP (>18 mmHg, Group 1; ≤18 mmHg, Group 2) to better assess 
effectiveness in these two IOP subgroups with different treatment goals. The selection of 18 mmHg as the boundary 
between these two strata was made a priori and based on the findings of AGIS 7 regarding the overall lack of 
progression, on average, when IOP was consistently below 18 mmHg.8 The proportion of subjects with IOP ≤18 
mmHg and ≥6 mmHg OR with a ≥20% reduction from pre-operative BL IOP and on the same or fewer number of 
ocular hypotensive medications compared to the pre-operative BL and with no additional IOP-lowering surgery or laser 
(the primary endpoint from ROMEO) was also assessed for the extended follow-up period.

All ocular adverse events for the study eye were recorded, including clinically significant hyphema (layered >1mm, 
persistent for 1 week or more, and/or requiring intervention), loss of two or more lines of best corrected visual acuity at 
or after 3 months post-operative (BCVA, Snellen), IOP elevation ≥10 mmHg above pre-operative BL at >30 days post- 
operative, secondary surgical or laser intervention for IOP control (SSI) and slit lamp and fundus abnormalities.

All subjects were included in the analysis set. The study was designed as a descriptive study with no a priori 
hypotheses. SIgmaStat 4.0 was used for all analyses (Systat Software Inc., Palo Alto, CA, USA). Mean, median (where 
appropriate), standard deviation, maximum, and minimum are provided for continuous variables; percentage and 95% 
confidence intervals are provided for categorical variables. Comparisons between BL and follow-up time points were 
made using t-tests, or where equal variance (Brown–Forsythe) or normality (Shapiro–Wilk) tests failed, Mann–Whitney 
rank sum tests. Significance was set at 0.05 and adjusted using the Bonferroni method in the case of multiple 
comparisons, eg to P=0.00313 in the case of comparisons of IOP or medications at all 4 time points and for the 4 
subgroups versus BL. For subjects that required an SSI, IOP measurements and medication usage data subsequent to the 
SSI were excluded from the analysis set; these patients were treatment failures for binary endpoints. Missing data due to 
a procedure not being done or a missed visit were treated as missing. No imputation was carried out.

Results
Longer-term follow-up data was available for 72 of the original 111 ROMEO patients from the participating centers 
(65%; 56% of all 129 original ROMEO patients), referred to herein as “consistent cohort” (CC). Average length of 
follow-up was 2.1±0.45 years. This extended follow-up data is therefore referred to as “2 year”. The attrition due to lost 
to follow-up was 35% and is due in part to the retrospective study design (patients are not scheduled for study visits or 
reminded to attend visits as they would be in a prospective clinical trial), and in part to the coincidence in time of post- 
year one follow-up and the first year of the COVID-19 pandemic, with many patients reluctant to make routine clinic 
visits. Patient demographics and BL characteristics (Table 1) were similar to the original full cohort from ROMEO: mean 
age was 72.1 for both, majority female in both (60% and 53%), primarily POAG (93.1% and 94.5%), and mostly white, 
75% for both.

Table 1 Baseline Characteristics and Demographics

Variable All ROMEO  
(N=129)

Consistent Cohort  
(N=72)

P-value*

Gender (n, %) 0.656
Male 61 (47) 29 (40)
Female 68 (53) 43 (60)

Age (mean, SD, min, max) 72.1 (8.6, 51, 94) 72.1 (8.7, 55, 94) 0.963

Diagnosis (n, %) 0.900
POAG 122 (94.5) 67 (93.1)
PXG 6 (4.7) 5 (6.9)

PG 1 (0.8) 0

(Continued)
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Effectiveness
The proportion of patients at 2 years with either a ≥20% IOP reduction or an IOP between 6 and 18 mmHg and no 
increase in medication or SSI was 75% (54 of 72, 95% CI 69.9%, 80.1%), a decrease from the proportion for the same 
patients at 12 months (61 of 72, 84.7%, 95% CI 80.5%, 88.9%) but a modest decrease from the overall ROMEO 
population (100 of 129, 77.5%, 95% CI 70.1%, 84.9%).

The CC patients all came from 7 of the original 11 ROMEO sites, which were generally higher enrolling centers. 
Comparison of IOP outcomes between the CC and the full ROMEO dataset showed no significant differences at BL or 
any follow-up visit through Month 12 (Figure 1). Moreover, IOP at Month 12 for the 18 patients at the non-participating 
sites was similar to that for the patients treated at the CC sites (14.4 vs 14.3 mmHg), while medication usage was slightly 
lower (0.7 vs 1.1 medications).

Group 1: Baseline IOP >18 mmHg
Mean medicated IOP for each timepoint is depicted in Figure 1A and C. Mean BL IOP was 21.7 and 22.1 mmHg for the 
combined with cataract surgery and standalone subgroups, which decreased to 15.0 and 16.3 mmHg at 12 months (−6.7 
and −5.8 mmHg, respectively) and 15.6 and 14.7 mmHg at 2 years (−6.1 and −7.4 mmHg, respectively). These 
differences were all statistically significant (P<0.001). The median percent reduction in IOP (95% CI) from BL was 
24% (9.4%, 38.2%) at Month 12 and 30% (13.6%, 46.4%) at Year 2 (n=34 Month 12, n=30 Year 2) for all Group 1 
patients.

Patient level outcomes for all Group 1 patients excepting 4 with an SSI are shown as a scatterplot (Figure 2) of BL 
versus Year 2 IOP. With a single exception (BL IOP=22 mmHg on 3 medications, Year 2 IOP=24 mmHg on 1 
medication), all patients had a lower IOP at Year 2 than at BL and were at or below 18 mmHg at Year 2 whereas 
none were at BL.

Most patients in Group 1 achieved a 20% or greater reduction in IOP at Month 12 (22 of 34, 64.7%, CI 49.4%, 
80.0%) and at Year 2 (24 of 34, 70.6%, CI 55.3%, 85.9%), with slightly lower percentages for those on the same 
or fewer medications as at BL (19 of 34, 55.9%, CI 43.2%, 68.6% and 20 of 34, 58.8%, CI 42.3%, 75.3%) 
(Table 2). Most patients had Month 12 and Year 2 IOP less than or equal to 18 mmHg (Month 12, 31 of 34, 

Table 1 (Continued). 

Variable All ROMEO  
(N=129)

Consistent Cohort  
(N=72)

P-value*

Mean deviation, dB (mean, SD, min, max) −5.1 (3.8, −14.4, 9.4) −5.0 (3.7, −14.4, 0.9) 0.941

Race (n, %) 0.889
White 97 (75) 54 (75)

Black 5 (4) 4 (6)

Asian 11 (9) 2 (3)
Other 1 (1) 1 (1)

Not reported 15 (12) 11 (15)

Comorbidities (n, %) 0.512
Hypertension 86 (67) 47 (65)

Diabetes mellitus 39 (30) 16 (22)

Study eye (OD or OS) 71 OD (55) 36 (50) 0.590
58 OS (45) 36 (50)

Baseline IOP (mean, SD, min, max) 17.2 (4.5, 8, 33) 18.1 (4.7, 11, 33) 0.272

Baseline medications (mean, SD, min, max) 1.8 (1.3, 0, 4) 2.0 (1.3, 0, 4) 0.164

Abbreviations: POAG, Primary open angle glaucoma; PXG, Pseudoexfoliative glaucoma; PG, Pigmentary glaucoma; SD, standard 
deviation; IOP, intraocular pressure; OD, right eye; OS, left eye; dB, decibels.*P-value from chi-square test or t-test.
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91.2%, CI 81.6%, 100; Year 2, 29 of 34, 85.3%, CI 73.3%, 97.3%), with somewhat lower proportions considering 
only those on the same or fewer medications (Month 12, 28 of 34, 82.4%, CI 69.5%, 95.3%; Year 2, 79.4%, CI 
65.7, 93.1%). Results for the combined with cataract surgery and standalone procedure subgroups are provided in 
Table 2.

Group 2: Baseline IOP ≤18 mmHg
Group 2 patients remained controlled with modest, albeit not statistically significant, decreases in IOP from BL, 
through 2 years (Figure 1B and D). The median percent reduction in IOP (95% CI) from BL was 3% (−2.7%, 8.7%) at 

Figure 1 Intraocular pressure (IOP) for baseline through Year 2 (≥18 M) for the 4 study cohorts: (A) Canaloplasty and trabeculotomy (OSS) combined with cataract surgery 
(+Cataract), Baseline (BL) IOP >18 mmHg (Group 1); (B) OSS +Cataract, BL IOP ≤18 mmHg (Group 2); (C) OSS standalone, Group 1; (D) OSS standalone, Group 2; (E) P-values 
for baseline IOP versus IOP at each timepoint for CC and all ROMEO patients. Blue bars are the consistent cohort with extended follow-up; orange bars are all ROMEO patients. 
Abbreviations: OSS, OMNI Surgical System; CC, consistent cohort (patients with 24-month follow-up); All ROM, all original (12-month) ROMEO patients.

Figure 2 Scatterplot of baseline (BL) intraocular pressure (IOP) (x-axis) versus IOP at Year 2 (y-axis). Points below the diagonal represent a decrease in IOP. Left graph 
shows Group 1 patients (BL IOP >18 mmHg); right graph, Group 2 (BL IOP ≤18 mmHg). Smallest circles represent a single patient; larger circles are 2 or 3 patients.
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Month 12 and 9% (−0.3%, 18.3%) at Year 2 for all Group 2 patients (n=38 and 36). Of Group 2 patients, 44.7% (CI 
28.8%, 60.6%) had a 20% or greater reduction in IOP at Year 2 (Table 2). Like Group 1, the majority of patients had 
IOP less than or equal to 18 mmHg on the same or fewer medications, which remained between 69 and 75% at Year 2 
depending on the subgroup (Table 2). Figure 2 shows patient level outcomes at Year 2 relative to BL. In this group 
with BL IOP ≤18 mmHg, the majority of patients (31 of 36) remained controlled (ie IOP ≤18 mmHg) at Year 2, with 
twice as many patients experiencing a decrease in IOP (23 of 36) than an increase (11 of 36). Two patients had no 
change in IOP.

Ocular Hypotensive Medications
Medications required for IOP control at 2 years were similar to 12 months considering the CC as a whole (1.24 at 12 
months, 1.33 at 2 years, P=0.645), with the Year 2 outcome representing an average decrease from pre-operative BL of 
0.72 medications (P <0.001). Results for each of the subgroups (combined with cataract groups 1 and 2, standalone 
groups 1 and 2) were consistent with this overall trend; slightly greater (but not statistically significant) medication usage 
at 2 years than at 12 months while remaining statistically significantly lower than at BL (Table 2). The sole exception was 
standalone Group 2, where medication usage at 2 years was numerically lower than at 12 months (1.18 versus 1.33, 
P=0.78). The number of patients on 1, 2, 3, or ≥4 medications is shown in Figure 3. While half of patients (36 of 72) 
were on 1 or 2 medications at BL, and this proportion remained fairly consistent through month 12 and year 2 (47.2% 
and 43.9%, respectively), the proportion on no medications increased from 12.5% at BL to 34.7% (2.8X) and 33.3% 
(2.7X) at month 12 and 2 years. Conversely, there were 16.7% of patients on 4 or more medications at BL, which 
decreased to 5.6% at month 12 and just 3% at 2 years.

Five of the 72 patients had a diagnosis of pseudoexfoliation glaucoma; two each in combined with cataract surgery 
Groups 1 and 2, one in the standalone Group 2 cohort. Subgroup analyses of only POAG patients (67 of 72) had IOP and 
medication results essentially identical to those for the overall study population (Table 3).

Safety
Safety outcomes from the ROMEO study including intra-operative and post-operative adverse events through 12 months 
have been reported in detail previously.6,7 Over the first 12 months, adverse events were typical for cataract or angle 
surgery and included mild inflammation (14 of 129, 11%), IOP spikes (6 of 129, 5%), and clinically significant hyphema 
(layered >1mm, persistent for 1 week or more, and/or requiring intervention; 5 of 129, 4%). There were no device-related 
adverse events over the post-12-month period.

Table 2 Responder Analyses Groups 1 and 2

≥20% Reduction in IOP (%, 95% CI) IOP ≥6 and ≤18 mmHg (%, 95% CI)

Any Same or Fewer Meds Any Same or Fewer Meds

+ Cat SA + Cat SA + Cat SA + Cat SA

Group 1 M12 64.7 
42.0, 87.4

58.8 
35.4, 82.2

52.9 
29.2, 76.6

52.9 
29.2, 76.6

94.1 
82.8, 100

88.2 
72.8, 100

82.4 
64.1, 100

82.4 
64.1, 100

Group 1 Y2 70.6 
49.0, 92.2

64.7 
42.0, 87.4

58.8 
35.4, 82.2

64.7 
42.0, 87.4

88.2 
72.8, 100

82.4 
64.1, 100

76.5 
56.5, 96.5

82.4 
64.1, 100

Group 2 M12 30.8 
13.0, 48.6

25.0 
0.5, 49.5

23.1 
6.9, 39.3

25.0 
0.5, 49.5

96.2 
88.7, 100

83.3 
62.0, 100

88.5 
76.5, 100

83.3 
62.0, 100

Group 2 Y2 30.8 
13.0, 48.6

75.0 
50.5, 99.5

23.1 
6.9, 39.3

41.7 
13.8, 69.6

84.6 
70.9, 98.3

75.0 
50.5, 99.5

69.2 
51.4, 87.0

75.0 
50.5, 99.5

Notes: Number of patients (n); Group 1 +Cat 17, Group 1 SA 17, Group 2 +Cat 26, Group 2 SA 12. “Any” means medication number may be greater 
than baseline. 
Abbreviations: CI, confidence interval; IOP, intraocular pressure; M12, month 12; Y2, year 2; Group 1, baseline IOP >18 mmHg; Group 2, baseline 
IOP ≤18 mmHg; +Cat, OMNI procedure with cataract surgery; SA, standalone OMNI procedure in pseudophakic eyes.
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Nine subjects of the original 129 required an SSI during the first post-operative year, a rate of 7%.6,7 Between Month 
12 and Year 2, an additional 6 of 72 (8.3%) had an SSI. These were an SLT for a patient with an IOP of 14 but on 4 
medications at Month 12; a Baerveldt device for a patient with IOP of 22 on 3 medications at Month 12; SLT where IOP 
was 21 on 1 medication at Month 12; SLT where IOP was 16 on no medications (2 patients) at Month 12; and an XEN 
gel stent where IOP was 19.5 on 1 medication at Month 12.

Figure 3 Number of patients on 1, 2, 3, or ≥4 medications at baseline (BL), 12 months (M12), and Year 2 (2Y).

Table 3 IOP and IOP-Lowering Medication Usage: All Patients and POAG Subgroup

Baseline Month 1 Month 6 Month 12 2 Years

IOP All POAG All POAG All POAG All POAG All POAG

+Cataract Grp 1 

n=17 (all), n=15 (POAG)

21.7 21.8 16.1 16.3 14.6 14.6 15.0 15.3 15.6 15.6

+Cataract Grp 2 

n=26 (all), n=24 (POAG)

14.3 14.2 13.5 13.1 13.6 13.2 13.4 13.1 13.7 13.7

Standalone Grp 1 n=17 (all POAG) 22.1 16.7 16.4 16.3 14.7

Standalone Grp 2 
n=12 (all), n=11 (POAG)

15.6 15.9 17.3 18.0 14.0 14.2 14.2 14.4 13.3 13.5

Medications All POAG All POAG All POAG All POAG All POAG

+Cataract Grp 1 

n=17 (all), n=15 (POAG)

2.24 2.07 1.47 1.33 1.20 1.08 1.18 1.07 1.38 1.36

+Cataract Grp 2 

n=26 (all), n=24 (POAG)

1.85 1.79 1.27 1.33 1.00 1.05 1.15 1.21 1.20 1.17

Standalone Grp 1 n=17 (all POAG) 1.94 1.88 1.18 1.35 1.64

Standalone Grp 2 

n=12 (all), n=11 (POAG)

2.17 2.27 1.33 1.45 1.17 1.27 1.33 1.45 1.18 1.3

Abbreviations: IOP, intraocular pressure; POAG, primary open-angle glaucoma; +Cataract, OMNI procedure with cataract surgery; Standalone, 
OMNI procedure in pseudophakic eyes; Grp 1, Group 1 (baseline IOP >18 mmHg); Grp 2, Group 2 (baseline IOP ≤18 mmHg).
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Discussion
Glaucoma is a life-long, chronic disease that often progressively worsens despite the best efforts of ophthalmologists. 
Available treatments include topical medications for IOP-lowering and selective laser trabeculoplasty as first line 
treatment options, minimally invasive glaucoma surgery and ciliary ablation procedures, which are generally employed 
where first-line treatments are not sufficiently effective, and traditional glaucoma surgeries, including trabeculectomy and 
tube-shunts, where less invasive or medical approaches have failed to provide the necessary level of IOP control.9 The 
longevity of a given treatment’s effectiveness is thus a key factor in the therapeutic decision-making process and longer- 
term data is critical to understanding this longevity. Many MIGS procedures and devices, particularly non-implants, are 
relatively new and received marketing authorizations through the 510(k) regulatory pathway without a requirement for 
either a large randomized controlled trial or long-term (>3-year) follow-up data. Nevertheless, with time, ophthalmic 
surgeons are gaining more clinical experience with these procedures and publishing their findings.

Gallardo et al published single-center 24-month data for a series of 53 patients (60 eyes, 46 with 24-month data) 
treated with ab interno canaloplasty using the iTrack microcatheter. IOP was essentially unchanged from Month 12 to 
Month 24, 13.6 and 13.5 mmHg (baseline=20.7 mmHg), respectively, while medication usage at 24 months was 
intermediate between baseline and 12 months (baseline=2.8, 12 months=1.1, 24 months=1.7).10 A subsequent report 
of outcomes at 36 months (44 eyes of 44 patients) confirmed the stability of IOP (baseline=20.5 mmHg; 12, 24, 36 
months=13.3, 13.1, and 13.3 mmHg, respectively) and medication use (baseline=2.8; 12, 24, 36 months=1.1, 1.0, and 
1.3, respectively).11 Ondrejka et al reported 36-month outcomes for ab interno canaloplasty using the OSS or its 
predecessor, VISCO360, in a series of 206 eyes of 130 patients. Pre-operative baseline IOP was 21.1 mmHg on an 
average of 2.0 medications, which was reduced to an average of 15.3 mmHg on slightly less than 1 medication through 
the 36-month follow-up period. Figures in this publication show no indication of diminution of the IOP-lowering effect 
over this period.12 Klabe and Kaymak followed a series of 38 eyes from 27 patients that had undergone canaloplasty 
followed by trabeculotomy with the OSS for 24 months. Baseline IOP (washed out; 1.9 average medications prior to 
washout) was 24.6 mmHg and was 14.7 and 14.9 mmHg on an average 0.4 and 0.5 medications at 12 and 24 months, 
respectively.13 Three-year outcomes presented at the European Glaucoma Society 2022 annual meeting in Athens, 
Greece showed continued durability of the treatment effect (15.0 mmHg, 0.5 medications). Taken together, these studies 
show consistent post-operative IOP outcomes in the 15 mmHg range, and significant medication reduction sustained 
through 1, 2, and 3 years post-operatively.

The results of the present multicenter, multi-surgeon study agree with the single-center studies discussed above. IOP 
at 24 months remained similar to the IOP observed during the first 12 months of follow up. The difference observed 
between IOP at Month 12 and Month 24 was small across all 4 subgroups, with the high and low (Groups 1 and 2) 
baseline IOP combined with cataract surgery groups having small average increases of 0.6 and 0.3 mmHg and the Group 
1 and Group 2 standalone groups showing modest decreases over this interval (−1.6 mmHg and −0.9 mmHg). While 
average IOP did not change significantly in any of these groups, it is interesting that the directionality of change, albeit 
small and not significant, was an increase only for the combined with cataract cohorts. This could reflect a waning of 
IOP-lowering effect provided by the cataract procedure itself. In a meta-analysis examining the effect of cataract surgery 
on IOP through 36 months, Armstrong et al noted that, “These effects appear to last at least 36 months with gradual loss 
of the initial effect noted after 2 years.”14

Between 12 and 24 months there were 6 patients for whom the surgeon deemed it necessary to perform an additional 
IOP-lowering procedure and were therefore considered “treatment failures” in our analysis. These included 2 patients 
with an IOP of 16 mmHg on no medications at Month 12. From a procedural perspective, it is difficult to consider these 
patients as failures since IOP was reduced at Month 12 by 3 and 9 mmHg, respectively, without any medications; in other 
words, the procedure did provide an IOP-lowering benefit, but perhaps not to the target deemed necessary for these 
individuals. Baseline mean deviation for these 6 patients was not remarkably different from that of the overall study 
population, with one exception. Five of the 6 had an MD of −5.8 dB or better (similar to the study average), while one 
had an MD of −10 dB. Data available for this analysis did not include sequential, historical visual fields that could 
possibly provide insight into rate of progression and additional context for secondary interventions.
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We acknowledge that our study has some limitations. First, it is a retrospective chart review and therefore is 
dependent on data collected in routine medical practice and not for the purpose of research. This means that there is 
inherently more variability in the way in which procedures are performed and data collected than would be the case in 
a prospective trial. It also means that there is inevitably more missing data, including factors that could influence 
outcomes which were not recorded. Nevertheless, the study includes a relatively large number of patients from 
multiple investigative sites and multiple surgeons. We believe that such outcomes do provide a realistic view of the 
effectiveness of the OSS in actual clinical practice and, importantly, durability of the treatment effect beyond 12 
months. Such information will be of great value to surgeons considering the OSS for use in their practices. Second, the 
extended follow-up reported herein includes only 7 of the original 11 ROMEO study sites. While the participating 
sites account for 86% of the enrollment, the potential for unintended bias must be acknowledged. As the non- 
participating sites were, in general, low enrollers in ROMEO, there is arguably the possibility that higher enrollment 
sites were more experienced with the OSS, which might lead to a bias toward better outcomes reported here. We 
believe this unlikely based on two observations: comparison of outcomes for the first 12 months from the overall 
ROMEO study population with those for the consistent cohort included in this study found no differences; 12-month 
mean IOP for the 18 patients at the non-participating sites was essentially identical to the mean for the 111 patients 
from participating sites (14.4 vs 14.3 mmHg). Third, there was a 35% lost to follow-up rate at 24 months. While 
significant loss to follow-up is commonplace in retrospective studies15–17 and it is not possible to ascertain the reasons 
for loss to follow-up, drop-outs due to adverse events and non-response cannot be ruled out. However, attrition was 
not unexpected given the restrictions imposed on routine clinical visits at ophthalmic clinics due to the COVID-19 
pandemic.

Safety and effectiveness data beyond 12 months supporting laser or surgical intervention in glaucoma is essential for 
surgeons in order to strategically plan individualized care for their patients with glaucoma. One size does not fit all, as 
stage of disease, degree of disability, age and life expectancy, ability to self-administer medications reliably, and cost of 
therapy must all be considered.18–20 The span of time that a given treatment can be reasonably expected to provide the 
necessary level of IOP control is a key element in this planning. The present study extends the follow-up for IOP, 
medication, and safety outcomes of the original 12-month ROMEO study6,7 to 24 months and demonstrates continued 
and stable control of IOP, medication usage similar to that seen at 12 months and significantly lower than the pre-surgical 
baseline, with a high level of safety. Ab interno canaloplasty and trabeculotomy with the OSS is therefore a reasonable 
treatment option in mild-to-moderate glaucoma used in conjunction with cataract surgery or as a standalone procedure 
with demonstrable safety and efficacy through at least 2 years.

Data Sharing Statement
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