
O R I G I N A L  R E S E A R C H

Short-Term Efficacy of Combined ab Interno 
Canaloplasty and Trabeculotomy in Pseudophakic 
Eyes with Open-Angle Glaucoma
Adam R Bleeker1, William R Litchfield2, Mitch J Ibach 3, Michael D Greenwood4, Deborah Ristvedt5, 
John P Berdahl 3, Daniel C Terveen 3

1Dean McGee Eye Institute, Oklahoma City, OK, USA; 2University of North Dakota School of Medicine, Grand Fords, ND, USA; 3Vance Thompson 
Vision, Sioux Falls, SD, USA; 4Vance Thompson Vision, West Fargo, ND, USA; 5Vance Thompson Vision, Alexandria, MN, USA

Correspondence: Adam R Bleeker, Dean McGee Eye Institute – Oklahoma Health Center, 608 Stanton L Young Blvd, Oklahoma City, OK, 73104, 
USA, Tel +1 605-630-9023, Email adam.r.bleeker@gmail.com 

Purpose: To evaluate short-term outcomes of combined ab interno canaloplasty and trabeculotomy in pseudophakic eyes with open- 
angle glaucoma.
Patients and Methods: Series included all pseudophakic eyes with open-angle glaucoma treated with up to 360° ab interno 
canaloplasty and up to 360° ab interno trabeculotomy using a purpose-engineered device (OMNI, Sight Sciences Inc). Data collected 
prior to surgery and out to 6-months postoperative. Surgical success defined as a 20% reduction in intraocular pressure (IOP) without 
increase in glaucoma medication, or discontinuation of at least one glaucoma medication without increase in IOP. Other primary 
endpoints included mean IOP and number of glaucoma medications.
Results: The study included 67 eyes of 52 patients with a mean age of 76.5 ± 8.9 years. Preoperative mean IOP was 22.1±8.0 mmHg on 2.3 
±1.4 glaucoma medications. Pressure lowering effects were sustained out to 6 months postoperative with a mean IOP of 15.2±4.9 mmHg 
(p < 0.001) and mean medication reduction of 0.7±1.4 (p < 0.001). Surgical success rate was 69.8% (30 eyes) and correlated with 
preoperative IOP. Two patients required a secondary surgical intervention.
Conclusion: Combined ab interno canaloplasty and trabeculotomy as a standalone procedure is an effective means of reducing IOP 
and medication burden in pseudophakic eyes with open-angle glaucoma.
Keywords: glaucoma, pseudophakia, MIGS, Schlemm canal

Introduction
The use of microinvasive glaucoma surgery (MIGS) is rapidly gaining acceptance as a first-line surgical intervention for 
glaucoma patients.1 The efficacy, safety and quick recovery of these techniques have driven this change and given surgeons the 
confidence to intervene earlier in the treatment paradigm in eyes that may not be good candidates for filtering surgery.

MIGS is frequently combined with cataract surgery as an adjunctive procedure; however, as the safety and efficacy of 
MIGS procedures continues to be demonstrated, it is now often considered as a standalone procedure.2 In patients 
without a concomitant cataract, the risk to benefit profile changes as the MIGS procedure must bear the full risk of 
entering the eye as opposed to combined surgery where that risk coexists between the cataract and the MIGS procedure. 
In order to justify the risk, a MIGS procedure needs to demonstrate sufficient safety and efficacy.

MIGS is increasingly being used in patients with severe glaucoma, especially when filtering or conjunctival altering 
procedures are a poor option. In these situations, the reduced risk of a MIGS surgery often make them the best option or, 
in some cases, the only option to reduce medication burden or lower IOP.3

It has been well established that the conventional outflow path is the primary location for resistance and elevated IOP 
in open-angle glaucoma (OAG).4–6 The trabecular meshwork, Schlemm’s canal, and collector channels all play an 
important role in this increased resistance. In 2014, gonioscopy-assisted transluminal trabeculotomy (GATT) was 
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described as a novel means of addressing proximal outflow resistance by advancing a microcatheter or suture circumfer-
entially within Schlemm’s canal followed by up to 360̊ ab interno trabeculotomy.7 Other ab interno trabeculotomy 
devices were designed to remove trabecular meshwork, but unlike GATT were limited to the nasal arc.8,9 In comparison, 
ab interno canaloplasty (ABiC) was developed as a means of reducing distal outflow resistance.10 The OMNI surgical 
system (Sight Sciences Inc, Menlo Park, CA) is a purpose built device capable of performing up to 360° ab interno 
canaloplasty and trabeculotomy through a single clear corneal incision.11 By addressing proximal and distal areas of 
outflow resistance, the OMNI surgical system has the potential to provide the appropriate balance of safety and efficacy, 
perhaps justifying the increased risk born by a standalone procedure.

Few studies have addressed the use of this device as a standalone procedure, and while preliminary studies have 
shown promising results they do not include patients with severe glaucoma.12–15 The purpose of this study was to 
retrospectively evaluate the outcomes of the OMNI surgical system as a standalone procedure in pseudophakic eyes with 
open angle glaucoma.

Materials and Methods
Study Design
The study was a retrospective, consecutive case series of pseudophakic eyes with open-angle glaucoma having underwent 
ab interno canaloplasty and trabeculotomy as a standalone procedure. Surgeries were performed by three experienced 
MIGS surgeons (JB, MG, and DR) at three ambulatory surgery centers in Sioux Falls, South Dakota; Fargo, North Dakota; 
and Alexandria, Minnesota. The study received IRB approval by the University of South Dakota. Additionally, a waiver of 
the process of informed consent and a full waiver of HIPAA authorization were granted due to the study’s retrospective 
nature. Data collection was conducted in accordance with the principles outlined by the Declaration of Helsinki.

All eyes carried a preoperative diagnosis of OAG including primary open-angle glaucoma (POAG) and pseudoexfo-
liative glaucoma (PXF). Other forms of secondary open-angle glaucoma (steroid-induced, uveitic, and traumatic) were 
excluded. The severity of disease was based on a combination of clinical judgment and the American Academy of 
Ophthalmology’s Preferred Practice Guidelines.1 Preoperative evaluation occurred, on average, 30.4 days prior to 
surgery. Baseline demographics and pertinent ocular characteristics (ie, central corneal thickness, corneal hysteresis, cup- 
to-disc ratio, mean standard deviation) were obtained from preoperative assessment. No protocol for preoperative 
glaucoma medication washout was specified. Thus, most eyes remained medically treated on the day of surgery.

Surgical Technique
The OMNI procedure performed in this study has been previously described.13,16,17 Briefly, a 1.8 mm clear corneal 
incision was made temporally, and the anterior chamber was filled with viscoelastic. The OMNI Surgical System was 
introduced into the anterior chamber and placed near the trabecular meshwork. A small otomy was performed. The 
microcatheter was then fed 180-degrees into Schlemm’s canal which was dilated with viscoelastic as the microcatheter 
was retracted. The same procedure was performed in the opposite hemisphere, completing 360-degrees of canaloplasty. 
The microcatheter was then fed 180-degrees into Schlemm’s canal and a 180-degree trabeculotomy was performed. 
Deviation from standard technique was minimal and attributable to surgeon preference; the vast majority receiving 360- 
degrees canaloplasty and 180-degrees trabeculotomy. Eyes that underwent OMNI in combination with cataract surgery or 
endoscopic cyclophotocoagulation were excluded.

Postoperative Follow-Up
A typical postoperative drop regimen, consisting of a topical steroid (prednisolone acetate 1%) for one month and 
antibiotic (ofloxacin 0.3% or gatifloxacin 0.5%) ± nonsteroidal anti-inflammatory (bromfenac 0.07%) for one week, was 
prescribed. The decision to continue preoperative glaucoma medications following surgery was based on patient’s 
preoperative assessment and surgeon discretion. No specific parameters were outlined for the postoperative addition or 
subtraction of ocular hypotensive medications. This decision was deferred to clinical judgment.
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Postoperative data was collected at one day, one week, three months, and six months. The number and type of 
glaucoma medications used as well as the IOP were recorded at each postoperative timepoint. Combination glaucoma 
drops were reported in terms of their individual components. The preferred IOP measurement varied between clinical 
sites with the most common being Goldmann Applanation Tonometry (GAT) and corneal-compensated IOP (ccIOP) as 
measured by an Ocular Response Analyzer (ORA).

Outcome Measures
Primary outcome measures were mean IOP and number of glaucoma medication. Furthermore, surgical success was 
defined as either a 20% reduction in IOP without increase in glaucoma medication use, or discontinuation of at least one 
glaucoma medication without increase in IOP. This criterion was developed in accordance with prior trials13,18 and 
recommendations by the US FDA Guidance for Industry: Premarket Studies of Implantable MIGS Devices.

A safety index was determined using three surrogate markers – IOP spikes ≥10 mmHg above baseline, postoperative 
hyphema, and secondary surgical intervention. If hyphema was present at any postoperative timepoint, it was recorded 
regardless of clinical significance. Eyes requiring further glaucoma surgery due to uncontrolled IOP or glaucomatous 
progression were included in the cohort up until the point of secondary surgical intervention.

Statistical Analysis
All pseudophakic eyes having underwent a standalone OMNI procedure with postoperative data out to 6-months were 
included in the full data set. Missing data due to incomplete charting or a missed visit was treated as missing. To better 
account for absent data, a consistent cohort was established. The consistent cohort did not include eyes with secondary 
surgery or eyes with incomplete 6-month follow-up.

Baseline demographic and ocular characteristics were quantified using descriptive statistics. Postoperative IOP and 
glaucoma medication use were compared to their preoperative baseline using paired parametric t-tests. The rate of 
surgical success, defined above, was tabulated using consistent cohort data. To determine prognostic indicators of 
surgical success, preoperative ocular characteristics were compared using Pearson’s chi-square analysis and two-tailed 
independent t-tests. All analyses were completed using SPSS software (version 28.0, IBM Inc.) with an α level of 0.05 
considered as statistically significant.

Results
Demographic and Preoperative Characteristics
This retrospective study included 67 eyes of 52 patients. Three participating clinical sites supplied patient information: 
Alexandria, Minnesota (30); Sioux Falls, South Dakota (24); Fargo, North Dakota (13). Relevant demographic data is 
summarized in Table 1. Note that the cohort was female predominant with the proportion of right and left eyes being 
similar.

Most eyes had a preoperative diagnosis of POAG versus other secondary forms of open-angle glaucoma such as 
pseudoexfoliation (Table 1). Disease severity ranged from mild to severe with a mean visual field mean deviation of −8.7 
±7.8 dB and a mean cup-disc ratio of 0.7±0.2. Over half of eyes had undergone at least one prior glaucoma surgery, the 
most common being iStent alone (15 eyes) followed by iStent + ECP (6 eyes) then laser trabeculoplasty (10). Five eyes 
had a history of trabeculectomy. Despite the high incidence prior glaucoma surgery, average IOP remained (at 
preoperative baseline) 22.1 ± 8.0 mmHg on 2.3 ± 1.4 ocular hypotensive agents.

Efficacy
Surgical success was defined as an IOP reduction ≥20% compared to baseline without an increase in glaucoma medication 
burden, or discontinuation of at least one baseline glaucoma medication without concomitant increase in IOP above 
baseline. Out of the 43 eyes with 6-month postoperative data, 30 eyes (69.8%; 95% confidence interval, 53.9–82.8%) 
achieved success (Table 2). Twelve eyes experienced an IOP reduction ≥20% and medication reduction. Comparison of 
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preoperative characteristics between surgical successes and failures found baseline IOP to be the only statistically different 
factor between groups (p = 0.04).

Intraocular Pressure and Medication Reduction
Preoperative IOP was 22.1±8.0 mmHg on 2.3±1.37 ocular hypotensive medications. At 6-months postoperative, 
average IOP was 15.2±4.9 mmHg (p < 0.001) demonstrating a statistically significant mean IOP reduction of 29% 
compared to baseline (Figure 1). IOP reduction was sustained across all postoperative time points. Eyes with a baseline 
IOP ≥22 mmHg experienced a 46.0% IOP reduction versus an 11.7% reduction observed in eyes with a baseline IOP 
<22 mmHg. Proportionally, 79% of eyes had an IOP ≤18 mmHg and 40% of eyes had an IOP ≤15 mmHg at 6-months 
(Figure 2).

Mean medication burden was significantly decreased at all postoperative timepoints. At 3 and 6-months, mean 
medication reduction was 1.0±1.3 and 0.7±1.4, respectively (p < 0.001). Significant reduction in glaucoma medication 
use was sustained throughout all postoperative timepoints with 19 eyes maintained on at least 1 less medication at 
6-months compared to baseline. Sixteen eyes were medication free at 6-months.

Table 1 Demographic and Preoperative Characteristics

Preoperative Characteristics All (N = 67)

Age, yrs (mean, SD, Min, Max) 76.5 (8.9, 53, 89)
Gender (n, %)

Male 22 (33.3)

Female 45 (67.7)
Study Eye (n, %)

OD 31 (46.3)

OS 36 (53.7)
Diagnosis (n, %)

POAG 53 (79.1)
PXG 14 (20.9)

Medications (n, %)

0 medication 9 (13.4)
1 medication 10 (14.9)

2 medications 14 (20.9)

3 medications 22 (32.8)
4 medications 9 (13.4)

5 medications 3 (4.5)

IOP, mmHg (mean, SD, Min, Max) 22.1 (8.0, 6.7, 53.0)
Mean deviation, dB (mean, SD, Min, Max) −8.7 (7.8, −31.3, 0.8)

Cup-to-Disc (mean, SD, Min, Max) 0.7 (0.2, 0.3, 0.95)

Table 2 Comparison of Baseline Characteristics Between Surgical Successes and Failures

Surgical Success (N = 30) Surgical Failure (N = 13) p value Statistical Test

Study eye (n, %)
OD 11 (36.7) 5 (38.5) 0.91 Chi square

OS 19 (63.3) 8 (61.5) 0.91 Chi square

Diagnosis (n, %)
POAG 24 (80.0) 12 (92.3) 0.32 Chi square

PXG 6 (20.0) 1 (7.7) 0.32 Chi square

IOP, mmHg (mean, SD) 25 (8.3) 19.5 (6.1) 0.04 Paired parametric t-test
No. of medications (mean, SD) 2.0 (1.4) 2.3 (1.5) 0.48 Paired parametric t-test
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Consistent cohort results were comparable with statistically significant primary outcome measures at all postoperative 
time points.

Subgroup Analysis
Consistent cohort data was utilized for subgroup analysis and included 16 eyes with severe glaucoma and 27 eyes with 
mild-moderate glaucoma (Table 3). Mean IOP was significantly higher for eyes with severe glaucoma compared to mild- 
moderate at both baseline and 6-months (p = 0.02; p = 0.03; Figure 3). Whereas mean ocular hypotensive use was similar 
between mild-moderate and severe glaucoma at baseline and 6-months (p = 0.53; p = 0.89; Figure 3). The mean percent 
reduction in IOP was 52% for severe versus 16% for mild-moderate (p < 0.001). Furthermore, surgical success rate was 

Figure 1 Mean IOP and medication use for complete data set. High level of statistical significance (p < 0.001) for both medication and IOP reduction sustained out to 
6-months. Error bars denote standard deviation and asterisks (*) denote statistical significance.

Figure 2 Proportion of eyes within complete data set achieving IOP ≤18 mmHg and ≤15 mmHg at all postoperative timepoints.
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statistically different with 94% (95% confidence interval, 69.8–99.8%) of severe eyes meeting criteria compared to 56% 
(95% confidence interval, 35.3–74.5%) of mild-moderate (p = 0.01).

Safety Profile
No intraoperative complications were observed. Postoperative hyphema was the most frequent adverse event occurring in 
26 eyes in the immediate postoperative period. IOP spikes ≥10 mmHg above baseline occurred at a rate of 5.1% 1-month 
after surgery. Two eyes underwent additional glaucoma surgery with a subconjunctival filtering procedure. The total 
number of adverse events was comparable to prior studies, suggesting an adequate safety profile.13

Discussion
This real-world, multi-center study evaluating the effectiveness of combined ab interno canaloplasty and trabeculot-
omy in pseudophakic eyes with open-angle glaucoma showed promising results. In this study, patients experienced 
a mean IOP reduction of 29% with 95% of eyes requiring the same number or fewer medications at 6-months. These 
findings parallel prior studies, which reported similar reductions in IOP and medication burden sustained out to 12 and 
24-months.13,15 However, a key point of distinction is this study’s inclusion of pseudophakic eyes with severe 
glaucoma.

Subgroup analysis revealed a significantly greater reduction in mean IOP for eyes with severe glaucoma compared to 
mild-moderate glaucoma. Interestingly, mean glaucoma medication use remained similar at preoperative and 6-month 
timepoints for both mild-moderate and severe. This juxtaposition suggests that while a majority of eyes achieved similar 

Table 3 Primary Outcome Baseline Characteristics Stratified by Glaucoma 
Severity

Glaucoma Severity Consistent Cohort (N = 43)

Mild-Moderate OAG

Eyes (n, %) 27 (63.0)

IOP, mmHg (mean, SD, Min, Max) 20.8 (5.2, 6.7, 34.0)
Medications (mean, SD) 2.0 (1.4)

Severe OAG

Eyes (n,%) 16 (37.0)
IOP, mmHg (mean, SD, Min, Max) 27.6 (10.2, 16.3, 53.0)

Medications (n, %) 2.3 (1.5)

Figure 3 Mean IOP and glaucoma medication use stratified by glaucoma severity. IOP was significantly different between mild-moderate and severe disease at baseline and 
6-months (p = 0.22; p = 0.03). Medication usage was not significant different between mild-moderate and severe disease at baseline and 6-months (p = 0.52; p = 0.89). Error 
bars denote standard deviations and asterisks (*) denote statistical significance.
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medical control after surgery (ie, IOP <18), the greatest IOP reduction benefit was seen in eyes with higher baseline IOP 
mirroring other MIGS studies.19

IOP is the sole modifiable risk factor for glaucomatous progression. Strong, prospective evidence exists supporting 
the causal relationship between IOP and progression.18,20–23 The Early Manifest Glaucoma Trial reported that for every 
millimeter reduction in IOP, risk of progression was reduced by 10% in patients with mild-moderate glaucoma.20,21 

Similarly, the Ocular Hypertension Treatment Study demonstrated the effectiveness of topical ocular hypotensive 
medications at delaying and, in some cases, preventing the conversion of ocular hypertension to glaucoma.23 Even in 
refractory glaucoma, IOP reduction has been shown to slow progression.18,22 However, IOP reduction in severe cases 
historically required classical surgical intervention (ie, trabeculotomy, tube shunt) posing a heightened level of risk.

With the advent of MIGS, glaucoma management has undergone a paradigm shift. MIGS has bridged the treatment 
gap, offering early and effective surgical options with lower associated risk compared to traditional drainage therapies. 
Initially, MIGS was marketed as an extension of medical therapy in the setting of nonrefractory glaucoma prompting 
the FDA to require rigorous safety testing for standalone procedures.24 To mitigate this, MIGS was approved in 
combined with cataract surgery where the risk of intraocular surgery was already justified.2 However, by doing so, the 
potential of MIGS was limited as the benefit of MIGS were not made available to pseudophakic eyes or eyes with 
severe glaucoma.

As evidence supporting the safety and efficacy of MIGS + cataract surgery continues to emerge, there is increased 
interest in the use of MIGS as a standalone option for pseudophakic eyes with poorly controlled primary open-angle 
glaucoma.2,25 The OMNI surgical system is the first and only MIGS procedure currently FDA cleared for standalone use. 
Compared to other MIGS, the OMNI surgical system addresses all three levels of aqueous outflow resistance without the 
use of an implant.26 The OMNI surgical system has the added benefit of combining two MIGS procedures, canaloplasty 
and trabeculotomy, into one. Thus, there is the potential for additional IOP and medication reduction especially in eyes 
that have already experienced the pressure lowering effects of cataract surgery.

In this study, 69.8% of pseudophakic eyes were considered a surgical success at 6 months (IOP reduction ≥20% 
compared to baseline without medication increase, or discontinuation of at least one baseline glaucoma medication 
without IOP increase). The ROMEO study defined success as a 20% reduction in IOP or an IOP between 6 and 18 
mmHg at 12 months without a corresponding increase in glaucoma medication. Out of 48 pseudophakic eyes in that 
study, 72.9% met this criterion.13 The sole preoperative indicator of surgical success was baseline IOP. Interestingly, the 
correlation between baseline IOP and degree of IOP reduction was also highlighted in the first published results for the 
OMNI device.27 The proportion of surgical success was significantly different when stratified based on baseline 
glaucoma severity indicating that combined ab interno canaloplasty and trabeculotomy may provide some benefit in 
eyes with more extensive disease, especially in eyes with contraindications to traditional glaucoma surgery. The OMNI 
surgical system appears to provide substantial reduction in IOP and medication use for pseudophakic individuals open 
angle glaucoma irrespective of disease severity.

For MIGS to be considered as a standalone option, it must find an appropriate balance of efficacy and safety. In this 
study, few adverse events were observed. The most common was hyphema which occurred in 40% of eyes during the 
immediate postoperative period. While the clinical significance and severity of hyphema was not delineated, the rate 
reported was expected given the distortion of angle anatomy secondary to ab interno canaloplasty and trabeculotomy. 
Klabe et al evaluated postoperative outcomes of 38 eyes after standalone ab interno canaloplasty and trabeculotomy 
reporting a hyphema rate of 44.7% with none being >1 mm.15 Comparatively, only 4.2% of eyes included in the ROMEO 
study experienced clinically significant hyphema defined as layered and >1 mm and/or persisting >1 week and/or 
requiring secondary intervention.13 Only 2 eyes (3.0%) required additional surgery for IOP. This was less than the 
ROMEO study (10.4%) and the findings of Klabe et al (5.2%). All existing retrospective studies evaluating the OMNI 
surgical system and the preliminary, prospective findings of the ongoing ORION trial corroborate the safety profile 
demonstrated in this study.28

Interpretation of results is hindered by the retrospective nature of this study. Its multi-center design and lack of 
a standardized protocol leave much to clinical judgment. Additionally, without a comparable control group, findings 
should be interpreted with some caution. Despite these challenges, the study provides real-world evidence to suggest the 
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safety and efficacy of combined ab interno canaloplasty and trabeculotomy in pseudophakic eyes with open angle 
glaucoma.

Conclusion
The MIGS revolution has shrunk the treatment gap within glaucoma management; however, opportunities for improved 
treatment options still exist. Specifically, there is growing evidence to suggest that pseudophakic individuals may benefit 
from the reduction in IOP provided by a standalone MIGS procedure. Yet, prior to widespread implementation safety and 
efficacy must be thoroughly evaluated. The results presented in this study corroborate the findings of other studies and 
suggest that combined canaloplasty and trabeculotomy might be a safe and effective means of managing pseudophakic 
eyes with uncontrolled open angle glaucoma.
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