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Chapter

Ab-Interno Canaloplasty and
Ab-Interno Canaloplasty/
Trabeculotomy in Glaucoma
Patients Using the OMNI Surgical
System

Karsten Klabe and Andreas Fricke

Abstract

Eyes with Primary Open Angle Glaucoma (POAG) show anatomical changes
within the trabecular outflow tract that increase aqueous humor outflow resistance
and thus Intraocular Pressure (IOP). In these glaucomatous eyes, approximately
50-70% of the total outflow resistance is attributed by changes in the tissue of the
Trabecular Meshwork (TM) and 30-50% by changes in Schlemm’s canal and/or
the collector canals. In the last decade, a number of Minimally Invasive Glaucoma
Surgeries (MIGS) have been developed to target the different tissue changes par-
ticularly. For example, goniotomy, trabeculotomy, and trans-TM implants target
TM resistance, whereas canaloplasty, viscodilation, and stenting procedures target
Schlemm’s canal and collector channels. Therefore, a procedure targeting multiple
pathways of aqueous humor outflow might be more effective in lowering IOP. In a
limited number of studies to date using the OMNI Surgical System either combined
with phacoemulsification or as standalone system, IOP reductions of 20-35% and
medication reductions of 25-75% have been reported. In this chapter, the experience
in performing canaloplasty/trabeculotomy of Schlemm’s canal and distal collector
channels using the OMNI Surgical System is described.

Keywords: primary open-angle glaucoma, canaloplasty, trabeculotomy, OMNI Surgical
System

1. Introduction

Glaucoma is still the second leading cause of blindness. The most important risk
factors for glaucoma-related blindness are the severity of the disease at diagnosis,
bilateral disease, and age. Currently, the only effective approach to preserving visual
function in glaucoma is the reduction of the intraocular pressure (IOP) [1]. The first-
line therapy for lowering intraocular pressure is usually the administration of medica-
tion in the form of eye drops. Poor compliance and tolerability can sometimes lead to
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treatment failure. For progressive glaucoma with surgical intervention, ab-externo
filtration surgery is still considered the gold standard, but the procedure can lead to
significant complications [2].

Within the last decade new surgical procedures have been established, which are
summarized under the term Minimally Invasive Glaucoma Surgery (MIGS). MIGS
have been developed as safer and less traumatic surgical interventions for patients
with mild to moderate glaucoma or who are intolerant to standard medical therapy.
They are characterized by an ab-interno approach, inducing minimal trauma and
disruption of eye anatomy with conjunctiva sparing and a rapid recovery [3, 4]. These
surgical procedures play an increasing role in the care of patients with mild to moder-
ate glaucoma. To improve physiologic outflow, a variety of different glaucoma surger-
ies target the structures in the chamber angle.

The implementation of the therapeutic goal varies from patient to patient and
requires the use of individual procedures to achieve maximum intraocular pressure
reduction. Compared to trabeculectomy with the use of cytostatics, the achievable
pressure reduction with MIGS is usually slightly lower. However, the major advantage
of MIGS is the significantly improved intra- and postoperative complication rate. In
addition, more individualized glaucoma therapy is possible due to the broad spectrum
of MIGS procedures available today.

The OMNI Surgical System (Sight Science) is a single-handed device.

designed to introduce pre-dosed viscoelastic fluid into Schlemm’s canal and incise
trabecular meshwork tissue with a microcatheter. The device integrates an access
cannula, a microcatheter, an internal fluid resorvoir, and a wheel mechanism for
advancing and retracting the catheter. The device allows stretching of Schlemm’s
canal and trabeculotomy in the entire circumference (2 x 180°) by ab-interno
technique with a single clear cornea incision [4]. This feasible combined surgery of
trabeculotomy and viscodilation ab-interno was a new approach for which the device
was developed and has been on the market since 2018 (original clearance Dec 21,
2017; updated August 11, 2020 and March 1, 2021) by the US Food and Medication
Administration) [5].

1.1 Medical therapy and the problem of patient adherence to therapy

The target of currently available glaucoma medications is to preserve visual
function by lowering intraocular pressure to prevent further damage to the optic
nerve. Glaucoma is a chronic disease, so medication or non-medication therapy is
a long-term treatment. This requires continuous and reliable cooperation of the
patient (adherence). One of the difficulties of glaucoma is the asymptomatic nature
of the disease in the early stages of the disease. Initial visual field defects are not yet
perceived or they are compensated by the other eye. To improve patient adherence,
persistence, and concordance, a high level of organization and motivation is required,
both on the part of the physician and the patient. This is especially true when the
patient does not directly perceive the effect of therapy due to the asymptomatic
nature of glaucoma. The non-administration of medication leads to a stronger
progression of glaucoma. Since overall adherence to medical therapy is rather poor,
especially in glaucoma patients, good cooperation between physician and patient
is beneficial for successful therapy. For example, a 2005 publication showed that
only 50% of patients with newly diagnosed open-angle glaucoma attended immedi-
ate follow-up examinations. After 24 months, only 30% of patients adhered to the
proposed medicinally treatment plan [6, 7].

2



Ab-Interno Canaloplasty and Ab-Interno Canaloplasty/ Trabeculotomy in Glaucoma Patients...
DOI: http://dx.doi.org/10.5772/intechopen.110888

Currently, there are a large number of publications describing a variety of problems
and difficulties in taking glaucoma medications, these range from the number of medi-
cations to the drip mechanism to the affordability of the medications. Further publica-
tions deal with modern control mechanisms for adherence to the drip schedule (e.g.,
reminder via phone-app) [8-11]. In summary, a complicated treatment regimen with
multiple different medications is counterproductive to increasing patient adherence;
the simpler the treatment regimen, the more likely patients are to adhere to it. Surgical
interventions such as MIGS are one way to reduce multiple medication administration.

1.2 Surgical interventions and minimally invasive glaucoma surgery (MIGS)

If medication treatment proves insufficient to achieve the targeted IOP or the
drops are not well tolerated, laser or surgical treatment must be considered to prevent
irreversible progression of the glaucomatous damage.

In the EGS guidelines [1], the indication for a glaucoma surgery is described as
follows: Surgery should be considered whenever medical or laser treatment is unlikely
to maintain sight in the glaucomatous eye. It should not be as a last resort. The indica-
tions for the different surgical techniques depend on the type of glaucoma, the target
pressure, the medical history, the patients’ risk profile, preferences and experience of
the surgeon, and the patients’ preference, expectation and postoperative adherence.

According to recommendations from Sweden and England, the use of surgical
procedures may be considered as initial therapy or very early after initiation of medication
therapy if the patient has a very high baseline pressure, early progression, persistent intol-
erance of medication alternatives, or apparent lack of compliance with therapy [7, 12].

Trabeculectomy is still considered the surgical gold standard, but it is not free of
potentially serious complications. In addition, strict postoperative care is required to
achieve clinically successful outcomes. To minimize the risks of conventional filtering
surgery, MIGS have been developed as safer and less invasive techniques. Trabectome,
approved in 2006, ushered in the new era of minimally invasive glaucoma surgery.
Since then, a variety of MIGS devices and procedures have been developed and are
currently available [4, 13-15].

The success of MIGS is significantly influenced by the preoperative conjunctival
situation. Long-term drop application leads to a proven inflammation of the con-
junctiva with an increase of lymphocytes, mast cells, and fibroblasts, among others.
Therefore, it is recommended to discontinue local anti-glaucomatous drop therapy
prior to surgery and allow regeneration of the ocular surface.

Most surgical procedures target the structures of physiologic aqueous humor
outflow (trabecular meshwork, Schlemm’s canal, collector channels) to lower IOP.
Procedures fall into three categories:

a.Procedures that use stents to reduce outflow resistance (iStent, Hydrus
microstent).

b.Procedures that cause viscodilation of Schlemm’s canal and dilation of the trabecular
meshwork (ab-interno canaloplasty, iTrack Advance, OMNI Surgical System).

c. Procedures that open or resect all or part of the trabecular meshwork (ab-interno
trabeculotomy, Gonioscopy-Assisted Transluminal Trabeculotomy (GATT),
OMNI Surgical System, ELIOS excimer laser trabeculotomy, high-frequency
deep sclerotomy) [16].
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Some MIGS, particularly implantable microstents, are approved for use in
mild to moderate glaucoma at the time of cataract surgery. In patients with early
glaucoma, cataract surgeons can perform a MIGS in the same surgical session as
cataract surgery, knowing that they are associated with low-risk surgery and offer
some benefit in lowering intraocular pressure beyond the benefit of lens extraction
alone.

The patient’s personal situation should also be considered when choosing the
MIGS procedure. The usually reduced number of IOP-lowering medications after
MIGS (compared to pre-surgery) often leads to a simpler treatment regimen and
thus to better adherence to therapy and thus to an increased quality of life for the
patient.

2. OMNI Surgical System: surgery procedure

Traditional canaloplasty procedures required an invasive ab-externo approach
requiring full thickness scleral incisions. In many modern MIGS procedures, the sur-
gery is performed through an ab-interno approach, thus there is significant protection
of the conjunctiva and sclera.

The OMNI Surgical System (Sight Sciences, Inc., Menlo Park CA, USA) is indi-
cated for catheterization and transluminal viscodilation of Schlemm’s canal and
incision into the trabecular meshwork to reduce intraocular pressure in adult patients
with Open-Angle Glaucoma (OAG). The device should not be used in glaucoma
patients in whom the chamber angle is compromised or damaged, nor in patients
with chamber angle recession, neovascular glaucoma, chronic chamber angle closure,
narrow-angle glaucoma, traumatic glaucoma, or malignant glaucoma.

The device allows repeated penetration of the Schlemm’s canal with the microcath-
eter included. The surgeon gets the possibility to perform a complete 360° treatment
or a partial treatment of less than 360° adapted to the medical needs of the patient.
The system consists of a hand grip that opens into a curved cannula. The microcath-
eter is firmly integrated into the system, as is a reservoir that holds the viscoelastic
(Figure 1). The surgical procedure itself has been well described in a number of
previous publications [4, 5, 15, 17-20].

e Priming Lock Reservoir Handle
N Internal reservoir Design features
s, seamlessly deposits ovoid shape and
@ controlled amounts of soft grip features
OM/\/ OVD as microcatheter
/ is retracted

Viscoelastic Fluid

Microcatheter

40 Luer Fitting

Allows for efficient
priming of the device
with viscoelastic

-
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Rack and pinion gearing
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allow for precise access to target tissues

Figure 1.
OMNI Surgical System (figure used with permission from Sight Sciences, Inc. 2023).
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2.1 Canaloplasty (viscodilation)

A small (1.5-2 mm) temporal free corneal incision is performed. After irrigation
of the anterior chamber and deepening with viscoelastic, the head is tilted away
from the surgeon and the microscope is tilted toward the surgeon for gonioscopic
visualization (both approx. 30°-40°). The OMNI Surgical System is prepared by
removing the retaining pin on the back of the handle and filling the reservoir with
Healon. The cannula of the OMNI device is introduced through the incision into the
anterior chamber and positioned at the desired location. Under gonioscopic view
the cannula tip is brought near the nasal trabecular meshwork and a small <1 mm
goniotomy was created. The microcatheter is then advanced into Schlemm’s canal
up to 180°. After then the microcatheter is slowly withdrawn while a fixed volume
of approximately 11 pl of viscoelastic is automatically dispensed into Schlemm’s
canal and the collector channels. The procedure is then repeated for the second 180°
of the canal. To avoid undesirable suprachoroidal tip advancement, the surgeon
must ensure that the trabecular meshwork is penetrated at the correct location.

The blue microcannula must be clearly visible in Schlemm’s canal (Figure 2). Blood
reflux indicates successful catheterization of Schlemm’s canal. After the cannula is
withdrawn from the eye, the anterior chamber is irrigated to entirely remove the
Healon.

Figure 2.

Gonioscopic view of circumferential viscodilation of Schlemm’s canal with the OMNI Surgical System. The black
arrow marks the tip of the device’s cannula. Through the blue microcatheter, viscodilation of Schlemm’s canal
(brownish shading) is clearly visible chronologically (A-F).
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2.2 Canaloplasty + trabeculotomy

To perform the trabeculotomy, the same catheter is advanced once again through
180° of Schlemm’s canal and withdrawn using a cheese-wire technique to unroof the
canal.

2.3 Canaloplasty (+ trabeculotomy) + cataract surgery

In ab-interno canaloplasty combined with cataract surgery, the surgical steps are
almost unchanged. Only the microincision of 2.2 mm is slightly larger and access to
the anterior chamber with the OMNI Surgical System is via the cataract incision.

3. OMNI Surgical System: scientific status

The first single-incision approaches to trabeculectomy for glaucoma treat-
ment only allowed trabeculectomy over 120° [21, 22]. A further development of
this approach allowed trabeculectomy over a full 360° range. In the new approach,
entry and exit from Schlemm’s canal is through a single incision. A blue coloration
of the suture material used made it possible to control with a gonioscope the exact
placement and the accurate penetration of Schlemm’s canal with the suture mate-
rial. The first application of this technique was developed for congenital glaucoma.
Furthermore, better results were obtained in direct comparison with the 360° tech-
nique than with the 120° technique [23-25].

Canaloplasty is based on the finding that the IOP-lowering effect of canalostomy
is more likely due to viscodilation of Schlemm?’ canal and the resulting disruption of
the lateral walls, inner wall endothelium, and bridging structures. Thus, in contrast to
trabeculotomy, canaloplasty targets not only the inner wall and trabecular meshwork
but also distal outflow resistance [26].

Ab-interno canaloplasty differs from ab-externo canaloplasty in that Schlemm’s
canal is accessed through the anterior chamber via a small goniotomy, and therefore
only a small clear corneal incision is required, rather than conjunctival dissection and
scleral flap. There is no tensioning suture [22].

3.1 Ab-interno canaloplasty

To prevent the sometimes serious side effects of trabeculectomy, such as shal-
low anterior chamber, uncontrolled hypotony, choroidal detachment, and macular
wrinkles, non-penetrating filtering techniques have been proposed.

Non-penetrating filtering surgery, such as canaloplasty, involves techniques that
focus on widening the Schlemm’s canal to facilitate aqueous humor outflow via the
physiologic pathway. The aim is to remove mechanical obstructions in the collector
channels by improving aqueous humor outflow and creating additional pathways.
Viscodilation separates the trabecular lamellae and creates microperforations in
the inner wall of Schlemm’s canal, allowing improved diffusion of aqueous humor
through the proximal system into the distal system [4, 27].

The goal of this ab-interno canaloplasty is to restore physiologic aqueous humor
outflow pathways independent of external wound healing. Numerous studies have
demonstrated that canaloplasty is a relatively safe and effective surgical procedure
that lowers intraocular pressure with continued pressure control over several years.
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Additionally, postoperative management is simpler and fewer complications occur
than with trabeculectomy [28-30].

In 2022, Toneatto et al. published retrospective interim results on ab-internal vis-
codilation of Schlemm’s canal with the OMNI Surgical System in primary open-angle
glaucoma (POAG) [4]. The primary endpoint at 12-month follow-up was defined as
the proportion of eyes achieving an intraocular pressure of 18 mmHg or below, with
an IOP reduction of more than 25% from baseline, either with the same number or
fewer IOP-lowering medications and without additional IOP-lowering surgery or
laser. In their cohort, the mean IOP reduction at 12 months compared to baseline was
of 26.8% (from 23.0 + 5.7 mmHg to 15.6 + 3.6 mmHg). The mean number of medica-
tions at 12 months decreased from 3.0 + 1.1 to 2.0 + 1.4. Further publications reported
comparable results [17, 31-33]. The results showed that surgery resulted in effec-
tive control and reduction of intraocular pressure. Only a few adverse events have
occurred. Due to physiological blood regurgitation from Schlemm’ canal, microhy-
phema was frequently observed; however, these microhyphema were not considered
adverse events. 2 of 73 eyes showed clinically significant hyphema with more than
1 mm. In these two eyes, anterior chamber irrigation was performed without further
postoperative complications affecting vision. Hyphema rates reported in the literature
for ab-internal canaloplasties range from 0 to 20%, with the higher rates based mostly
on studies that included milder hyphema. Mild postoperative hypotony (4-5 mmHg)
occurred in 4 of 73 eyes within the first month but resolved without any intervention.
No shallow anterior chambers or choroidal detachments were noted. IOP fluctuated
widely during the first 30 days after surgery because antiglaucoma drops were discon-
tinued after surgery and steroids were administered during the first weeks.

3.2 Ab-interno canaloplasty and trabeculectomy

In 2021 Klabe et al. [17] published a retrospective analysis of data drawn from
existing health records. Prior surgery, patients were washed out of their ocular hyper-
tensive medications according to generally accepted wash-out periods for prosta-
glandin analogs, beta blockers, alpha antagonists, and carbonic anhydrase inhibitors.
All operations were performed by the same surgeon. In the sample of 38 eyes of 27
patients with open-angle glaucoma undergoing trabeculotomy/viscodilation using
the OMNI Surgical System. 28 eyes were pseudophakic. 12- and 24-month results
revealed statistically significant and clinically relevant reductions in intraocular pres-
sure and medications. IOP decreased from 24.6 + 3.0 mmHg to 14.7 + 1.6 mmHg (40%
IOP reduction from baseline) and 14.9 + 2.0 mmHg (39%), respectively. Number
of medications decreased from 1.9 + 0.7 to 0.4 + 0.6 and 0.5 + 0.7, respectively. All
retrospectively examined eyes showed a reduction in intraocular pressure of more
than 20% from baseline. In addition, 83 and 85% of eyes required less medication
than before MIGS treatment, and 63 and 58% of eyes were even medication-free.
These outcomes were achieved without significant adverse events.

Another retrospective observation with a 12-month outcome was the ROMEO
study [32]. This was a multicenter, retrospective, observational, single-arm study
to evaluate the safety and effectiveness of canaloplasty and trabeculotomy with
the OMNI Surgical System in pseudophakic eyes with OAG. Eyes were stratified by
baseline IOP, with group 1 > 18 mmHg and group 2 < 18 mmHg. Each group included
24 eyes of 24 patients. Surgeries were performed in 10 multi-subspecialty ophthalmic
practices. Primary success was defined as the proportion of patients with at least 20%
reduction in IOP from baseline or an IOP between 6 and 18 mmHg and on the same
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or fewer medications without secondary surgical intervention up to 12 months after
MIGS. Mean IOP was reduced in group 1 from 21.8 + 3.3 mmHg to 15.6 + 2.4 mmHg
(28%) and in group 2 from 15.4 + 2.0 mmHg to 13.9 + 3.5 mmHg (10%). Medications
went from 1.7 + 1.3t0 1.2 + 1.3 and from 2.0 + 1.3 to 1.3 + 1.3, respectively. 91 and 90%
of eyes, respectively, required less medication than before MIGS treatment.

Further results of retrospective observations after trabeculotomy/viscodilation
with the OMNI Surgical System are comparable and in the same range as results
reported here [18, 33].

The observed reduction in intraocular pressure and medication are clinically rel-
evant to glaucoma progression and patient adherence. In eyes with progressive open-
angle glaucoma despite medication therapy, a 20% or greater reduction in intraocular
pressure has been shown to significantly reduce the risk of further progression of
glaucoma [34]. This is one reason why the FDA accepts a 20% reduction in intraocular
pressure as an endpoint in MIGS registry studies [35]. Reducing medication offers
patients several benefits such as: increased treatment adherence, reduced exposure to
topical glaucoma medications, slower progression of dry eye symptoms, and also time
and money savings.

3.3 Ab-interno canaloplasty/trabeculectomy standalone or combined with
cataract surgery

Previous studies have shown that cataract surgery (phacoemulsification) alone
results in an average IOP reduction of 1.4 mmHg in glaucoma patients up to 3 years
out from surgery [36]. To date, there have been no randomized clinical trials in which
cataract surgery was performed with and without a MIGS with the OMNI Surgical
System or in which cataract surgery was combined with the OMNI Surgical System
device and then compared with cataract surgery combined with another MIGS
procedure. Therefore, the effect of phacoemulsification on IOP lowering cannot be
accurately determined or compared when the procedure is performed in combination
with canaloplasty or canaloplasty/trabeculoplasty using the OMNI Surgical System.

A retrospective, consecutive case series from a single center reported a smaller
but statistically non-significant reduction in intraocular pressure and medication
use after combined surgery compared with MIGS surgery alone [31]. A total of 89
eyes were examined, the surgery was performed as standalone with OMNI Surgical
System in 17 eyes and in 72 eyes in combination with a phacoemulsification. After
18 months, 5 and 17 eyes could still be analyzed, respectively. The observation was
not randomized, therefore the influence of confounding variables cannot be ruled
out. In addition, the small sample size may not have been powered adequately to show
any difference. This study is also limited by the weaknesses inherent to retrospective
studies including selection bias and variable follow-up.

The second part of the ROMEO study (see Section 3.2 above) provides 12-month
results after combined surgery of canaloplasty/trabeculotomy with the OMNI
Surgical System and cataract surgery in patients with mild to moderate OAG [37].
Group 1 included 24 eyes and group 2 included 57 eyes. Surgeries were performed in
11 multi-subspecialty ophthalmic practices. Mean IOP was reduced in group 1 from
21.9 + 3.7 mmHg to 15.1 + 3.7 mmHg (31%) and in group 2 from 14.1 + 2.5 mmHg to
13.4 + 31 mmHg (7%). Medications went from 2.0 + 1.3 to 1.1 + 1.1 and from 1.6 + 1.3
to 0.9 + 1.2, respectively. 88% and 91% of eyes, respectively, required the same or less
medication than before MIGS treatment. No safety issues were identified based on the
analysis of adverse events and visual acuity.
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The GEMINI clinical trial evaluated the efficacy of combined canaloplasty/tra-
beculotomy surgery with the OMNI Surgical System and cataract surgery in patients
with mild to moderate glaucoma. 113 eyes with POAG were treated in 15 multi-
subspecialty ophthalmic practices. Mean unmedicated diurnal IOP was reduced from
23.9 + 3.0 mmHg at baseline to 15.4 + 3.8 mmHg (36%) at month 12. Medications
went from 1.8 + 0.9 to 0.3 + 0.9. 78% of eyes required less medication than before
MIGS treatment.

Nevertheless, these and similar results [4] show that there are no significant
disadvantages for the glaucoma patient when the OMNI Surgical System is combined
with phacoemulsification. Rather, the advantage for both patient and physician is
the ability to treat both cataract and aqueous humor outflow with only one surgical
procedure, just one scleral incision.

3.4 Other glaucoma than primary open-angle glaucoma

There is limited data available on the performance of OMNI Surgical System in
pseudoexfoliation glaucoma and pigmentary glaucoma [5]. One retrospective obser-
vation included only six patients diagnosed with pseudoexfoliation and one with
pigmentary glaucoma [32] and another clinical study includes nine and one patients,
respectively [20]. In general, the demographics of these patients were unremarkable
compared with the pooled study populations. No clinically significant differences
were observed compared to the results from patients with primary open-angle
glaucoma. This observed effect suggests that OMNI Surgical System is also effective in
secondary open angel glaucoma. However, the number of patients in these two studies
is too small to draw any conclusions about the relative efficacy of the OMNI Surgical
System for treating these types of glaucoma.

Although OMNI Surgical System is primarily used for open-angle glaucoma
in adults, the combination of ab-interno canaloplasty and trabeculotomy is also
useful for childhood glaucoma. Ab-interno trabeculotomy is the treatment of
choice for primary congenital and other pediatric glaucoma. A retrospective
study evaluated the results of a group of 46 eyes with various pediatric glaucoma
treated with TRAB360, a precursor to OMNI Surgical System without canalo-
plasty function. Success was achieved in 81% of eyes with primary congenital
glaucoma [38].

3.5 Combined MIGS

To date, few data are available on the combined use of the OMNI Surgical System
with another MIGS technique. At the 2022 Annual Meeting of the American Society
of Cataract and Refractive Surgery, a case series of 16 glaucomatous eyes undergo-
ing combined surgery with the Hydrus Microstent (Ivantis, Irvine, CA, USA) and
a canaloplasty with OMNI Surgical System was presented for the first time. In 2022
[39], there was another case report of 8 eyes in which the two devices were used dur-
ing one glaucoma surgery [40]. In both case series, a significant and clinically mean-
ingful reduction in IOP occurred in the majority of patients. Only in some patients
in the case series could the number of IOP-lowering agents be reduced to achieve the
target IOP. In patients with uncontrolled IOP who are already receiving maximally
tolerated medication therapy, implantation of a hydrus microstent alone with OMNI
Surgical System canaloplasty may not be an effective means of reducing medication
burden.
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Nevertheless, it can be concluded from these case series that a combination of ab-
interno canaloplasty with the OMNI Surgical System with another MIGS technique
is still a relatively safe and well tolerated method to control intraocular pressure.
And in patients who have not achieved an adequate response of intraocular pressure
despite the combined procedure, it is important to know that this does not preclude or
prevent further glaucoma surgeries.

3.6 Clinical trials

The OMNI Surgical System has only been on the market for a few years. Therefore,
only a few clinical studies are currently listed on the official website of the U.S. National
Library of Medicine (ClinicalTrials.gov). By February 2023, 3, studies will be or have
been conducted in the USA (NCT04530084, NCT03861169, NCT04872348) and one
study in Poland (NCT04503356). No clinical trial is registered on the European website
(clinicaltrialsregister.eu). All other peer-reviewed publications published to date are
retrospective observations or case reports from single or multiple sites.

The first final 12-month analysis of a clinical trial was published in 2022 [20]. The
GEMINI study was a prospective, multicenter, interventional, single-arm clinical
study of patients with mild-moderate OAG undergoing 360° canaloplasty followed by
180° trabeculotomy with the OMNI Surgical System at the time of phacoemulsifica-
tion. Final results from the 120 eyes analyzed showed that both IOP and the need for
IOP-lowering medications were significantly reduced for at least 12 months postop-
eratively, with an excellent safety profile and no serious adverse event. Mean diurnal
IOP without medication was reduced by 34%), with 84% of eyes having IOP reduced
by more than 20% from baseline. Mean medication use was reduced by 78%, and
80% were medication-free at month 12. In this study, there was no control group, so
the IOP-lowering effect of phacoemulsification alone or the effect of OMNI Surgical
System compared with other MIGS could not be comparatively investigated.

3.7 Limitations

The current status of the clinical observations reported in this chapter is limited
by some of the following factors:

Most are retrospective, uncontrolled studies with few or only one site (sometimes
only one surgeon). Most are non-comparative, non-hypothesis-testing, descriptive
studies with an inhomogeneous patient selection. Therefore, the occurring effects in
terms of IOP and number of glaucoma medications are underestimated rather than
overestimated compared to a prospective study with precisely defined inclusion and
exclusion criteria.

Glaucoma is a chronic disease. In contrast, the longest observation period to date
after MIGS with the OMNI Surgical System of 24 months is a relatively short period.
However, this time frame is long enough to capture intraoperative and postoperative
safety events as well as early surgical failures.

Completely standardized methods for ophthalmic measurements, surgical inter-
ventions, and medication initiation or discontinuation are the norm in a prospec-
tive study but not possible in a retrospective study. The decision to washout and to
decrease or increase a patient’s medication was made solely within the context of a
surgeon’s medical practice.

Some eyes had previously undergone other glaucoma surgery, such as trabecu-
lectomy, deep sclerectomy, or also other MIGS. These patients were included based
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on the results of previous studies showing that canaloplasty can be successfully
performed even in patients with failed trabeculectomy in whom Schlemm’s canal
remained largely undamaged by previous filtering surgery [41, 42].

4, Conclusion

MIGS are considered for patients with mild to moderate visual field defects
when medication therapy does not result in sufficient pressure reduction or IOP is
above target pressure, patients do not adhere to therapy, or patients are suspected
of not adhering to therapy, resulting in an increased risk of glaucoma progression.
Especially, by reducing the number of different topical medications, MIGS are a
useful tool to improve patient adherence and thus treatment outcomes. In addition,
earlier intervention may help delay or avoid the need for more invasive surgery.

The OMNI Surgical System provides a practical approach to treating conventional
outflow resistance by sequential canaloplasty and trabeculotomy, proximal to the
juxtacanalicular trabecular meshwork and the inner wall of Schlemm’s canal, and
distal to Schlemm’s canal and collecting channels.

Canaloplasty and trabeculotomy with the OMNI Surgical System as a standalone
procedure or in combination with cataract surgery results in clinically relevant and
statistically significant reductions in both IOP and IOP medication with an excellent
safety profile. The procedure should be considered for eyes with mild to moderate
open-angle glaucoma that require a safe and effective surgical intervention to achieve
areduction in intraocular pressure, a reduction in medication, or both. Phakic eyes
can be treated as well as pseudophakic eyes.

Acknowledgements

Dr. Karsten Klabe reports grants from Sight Sciences, Inc., manufacturer of the
OMNI Surgical System. Dr. Andreas Fricke has nothing to disclose.
Conflict of interest

The authors declare no conflict of interest.

Author details

Karsten Klabe* and Andreas Fricke
Internationale Innovative Ophthalmochirurgie, Diisseldorf, Germany

*Address all correspondence to: studien.k.klabe @augenchirurgie.clinic

IntechOpen

© 2023 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided

the original work is properly cited.

11



Loss of Vision

References

[1] European Glaucoma Society.
Terminology and Guidelines for
Glaucoma. 5th ed. Savona, Italy:
PubliComm; 2021

[2] Lavia C, Dallorto L, Maule M,
Ceccarelli M, Fea AM. Minimally-
invasive glaucoma surgeries (MIGS)
for open angle glaucoma: A systematic

review and meta-analysis. PLoS One.
2017;12(8):e0183142

[3] Brusini P, Filacorda S. Enhanced
Glaucoma Staging System (GSS 2)
for classifying functional damage

in glaucoma. Journal of Glaucoma.
2006;15(1):40-46

[4] Toneatto G, Zeppieri M, PapaV,
Rizzi L, Salati C, Gabai A, et al. 360°
ab-interno schlemm’s canal viscodilation
with OMNI viscosurgical systems

for open-angle glaucoma-midterm
results. Journal of Clinical Medicine.
2022;11(1):259

[5] Dickerson JE, Dhamdhere K.
Combined circumferential canaloplasty
and trabeculotomy ab Interno with the

OMNI surgical system. Frontiers in
Ophthalmology. 2021;1(2):1-9

[6] Nordstrom BL, Friedman DS,
Mozaffari E, Quigley HA, Walker AM.
Persistence and adherence with topical
glaucoma therapy. American Journal of

Ophthalmology. 2005;140(4):598-606

[71 Hoffmann EM, Hengerer F,

Klabe K, Schargus M, Thieme H,
Voykov B. Glaucoma surgery today. Der
Ophthalmologe. 2021;118(3):239-247

[8] Higginbotham EJ, Hansen ],

Davis EJ, Walt JG, Guckian A. Glaucoma
medication persistence with a fixed
combination versus multiple bottles.

12

Current Medical Research and Opinion.
2009;25(10):2543-2547

[9] Sleath B, Blalock SJ, Covert D,
Skinner AC, Muir KW, Robin AL.
Patient race, reported problems in
using glaucoma medications, and
adherence. ISRN Ophthalmology.
2012;2012:902819

[10] Tapply I, Broadway DC. Improving
adherence to topical medication

in patients with glaucoma. Patient
Preference and Adherence.
2021;15:1477-1489

[11] Zaharia AC, Dumitrescu OM,
Radu M, Rogoz RE. Adherence to therapy
in glaucoma treatment—A review.

Journal of Personalized Medicine.
2022;12(4):514

[12] Heijl A, Alm A, Bengtsson B,
Bergstrom A, Calissendorff B,
Lindblom B, et al. The glaucoma
guidelines of the Swedish
ophthalmological society. Acta
Ophthalmologica. Supplement.
2012;251:1-40

[13] Saheb H, Ahmed IIK. Micro-invasive
glaucoma surgery: Current perspectives
and future directions. Current Opinion
in Ophthalmology. 2012;23(2):96-104

[14] Wang ], Barton K. In: Sng CCA,
Barton K, editors. Minimally Invasive
Glaucoma Surgery [Internet].
Singapore: Springer; 2021.

Available from: http://link.springer.
com/10.1007/978-981-15-5632-6

[15] Terveen DC, Sarkisian SR,

Vold SD, Selvadurai D, Williamson BK,
Ristvedt DG, et al. Canaloplasty and
trabeculotomy with the OMNI® surgical
system in OAG with prior trabecular



Ab-Interno Canaloplasty and Ab-Interno Canaloplasty/Trabeculotomy in Glaucoma Patients...

DOI: http://dx.doi.org/10.5772/intechopen.110888

microbypass stenting. International
Ophthalmology. 2022 [Online ahead of
print]

[16] Francis BA, Akil H, Bert BB. Ab
interno Schlemm’s canal surgery.
Developments in Ophthalmology.
2017;59:127-146

[17] Klabe K, Kaymak H. Standalone
trabeculotomy and viscodilation of
Schlemm’s canal and collector channels
in open-angle glaucoma using the
OMNI surgical system: 24-month
outcomes. Clinical Ophthalmology.
2021;15:3121-3129

[18] Ondrejka S, Korber N,
Dhamdhere K. Long-term effect of
canaloplasty on intraocular pressure
and use of intraocular pressure-
lowering medications in patients
with open-angle glaucoma. Journal

of Cataract and Refractive Surgery.
2022;48(12):1388-1393

[19] Porsia L, Nicoletti M. Combined
viscodilation of Schlemm’ canal and
collector channels and 360° ab-Interno
trabeculotomy for congenital glaucoma
associated with sturge-weber syndrome.
International Medical Case Reports
Journal. 2020;13:217-220

[20] Gallardo M]J, Pyfer MF, Vold SD,
Sarkisian SR, Campbell A, Singh IP,

et al. Canaloplasty and trabeculotomy
combined with phacoemulsification

for glaucoma: 12-month results of the
GEMINI study. Clinical Ophthalmology.
2022;16:1225-1234

[21] Smith R. A new technique for
opening the canal of Schlemm.

Preliminary report. British Journal of
Ophthalmology. 1960;44(6):370-373

[22] Dickerson JE, Brown RH.
Circumferential canal surgery: A

13

brief history. Current Opinion in
Ophthalmology. 2020;31(2):139-146

[23] Beck AD, Lynch MG. 360 degrees
trabeculotomy for primary congenital
glaucoma. Archives of Ophthalmology.
1995;113(9):1200-1202

[24] Girkin CA, Rhodes L, McGwin G,
Marchase N, Cogen MS. Goniotomy
versus circumferential trabeculotomy
with an illuminated microcatheter in

congenital glaucoma. Journal of AAPOS.
2012;16(5):424-427

[25] Lim ME, Neely DE, Wang ],
Haider KM, Smith HA, Plager DA.
Comparison of 360-degree versus
traditional trabeculotomy in pediatric
glaucoma. Journal of AAPOS.
2015;19(2):145-149

[26] Smit BA, Johnstone MA. Effects of
viscoelastic injection into Schlemm’s
canal in primate and human eyes:

Potential relevance to viscocanalostomy.
Ophthalmology. 2002;109(4):786-792

[27] Grieshaber MC, Pienaar A,

Olivier ], Stegmann R. Comparing two
tensioning suture sizes for 360 degrees
viscocanalostomy (canaloplasty):

A randomised controlled trial. Eye
(London, England). Singapore: Springer;
2010;24(7):1220-1226

[28] Lewis RA, von Wolff K, Tetz M,
Koerber N, Kearney JR, Shingleton BJ,
et al. Canaloplasty: Three-year results
of circumferential viscodilation and
tensioning of Schlemm canal using

a microcatheter to treat open-angle
glaucoma. Journal of Cataract and
Refractive Surgery. 2011;37(4):682-690

[29] Bull H, von Wolff K, Korber N,
Tetz M. Three-year canaloplasty
outcomes for the treatment of open-
angle glaucoma: European study



Loss of Vision

results. Graefe's Archive for Clinical
and Experimental Ophthalmology.
2011;249(10):1537-1545

[30] Kerr NM, Wang J, Barton K.
Minimally invasive glaucoma surgery
as primary stand-alone surgery for

glaucoma. Clinical & Experimental
Ophthalmology. 2017;45(4):393-400

[31] Hughes T, Traynor M. Clinical results
of ab interno canaloplasty in patients
with open-angle glaucoma. Clinical
Ophthalmology. 2020;14:3641-3650

[32] Vold SD, Williamson BK, Hirsch L,
Aminlari AE, Cho AS, Nelson C, et al.
Canaloplasty and trabeculotomy with the
OMNI system in pseudophakic patients
with open-angle glaucoma: The ROMEO
study. Ophthalmology Glaucoma.
2021;4(2):173-181

[33] Grabska-Liberek I, Duda P,
Rogowska M, Majszyk-lonescu J,
Skowyra A, Koziorowska A, et al.
12-month interim results of a prospective
study of patients with mild to moderate
open-angle glaucoma undergoing
combined viscodilation of Schlemm’s
canal and collector channels and 360°
trabeculotomy as a standalone procedure
or combined with cataract surgery.
European Journal of Ophthalmology.
2022;32(1):309-315

[34] Chauhan BC, Mikelberg FS,
Artes PH, Balazsi AG, LeBlanc RP,
Lesk MR, et al. Canadian glaucoma
study: 3. Impact of risk factors and
intraocular pressure reduction on the

rates of visual field change. Archives of
Ophthalmology. 2010;128(10):1249-1255

[35] U.S. Department of Health and
Human Services. Premarket Studies
of Implantable Minimally Invasive
Glaucoma Surgical (MIGS) Devices
Guidance for Industry and Food and

14

Drug Administration Staff [Internet].
Available from: https://www.fda.gov/

[36] Shingleton BJ, Pasternack JJ,

Hung JW, O’Donoghue MW. Three and
five year changes in intraocular pressures
after clear corneal phacoemulsification in
open angle glaucoma patients, glaucoma
suspects, and normal patients. Journal of
Glaucoma. 2006;15(6):494-498

[37] Hirsch L, Cotliar J, Vold S,

Selvadurai D, Campbell A, Ferreira G,

et al. Canaloplasty and trabeculotomy ab
interno with the OMNI system combined
with cataract surgery in open-angle
glaucoma: 12-month outcomes from the
ROMEO study. Journal of Cataract and
Refractive Surgery. 2021;47(7):907-915

[38] Areaux RG, Grajewski AL,
Balasubramaniam S, Brandt JD, Jun A,
Edmunds B, et al. Trabeculotomy ab
Interno with the Trab360 device for
childhood glaucomas. American Journal
of Ophthalmology. 2020;209:178-186

[39] Wallace RT, Chaya C, Swiston C.

Ab interno canaloplasty in combination
with hydrus microstent for the treatment
of glaucoma: A retrospective chart
review. In: ASCRS Annual Meeting

2022: Session: SPS-217 Minimally
Invasive GlaucomaSurgery (MIGS) III,
Washington, DC. Singapore: Springer;
2022

[40] Creagmile J, Kim WI, Scouarnec C.
Hydrus microstent implantation with
OMNI surgical system ab interno
canaloplasty for the management of
open-angle glaucoma in phakic patients
refractory to medical therapy. American
Journal of Ophthalmology Case Reports.
2023;29:101749

[41] Brusini P, Tosoni C. Canaloplasty
after failed trabeculectomy: A
possible option. Journal of Glaucoma.
2014;23(1):33-34



Ab-Interno Canaloplasty and Ab-Interno Canaloplasty/Trabeculotomy in Glaucoma Patients...
DOI: http://dx.doi.org/10.5772/intechopen.110888

[42] Wang H, Xin C, HanY, ShiY, Ziaei S,
Wang N. Intermediate outcomes of ab
externo circumferential trabeculotomy
and canaloplasty in POAG patients with
prior incisional glaucoma surgery. BMC
Ophthalmology. 2020;20(1):389

15



