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Abstract

Minimally invasive glaucoma surgeries (MIGS), such as Kahook Dual
Blade (KDB), bent ab interno needle goniectomy (BANG), gonioscopy-
assisted transluminal trabeculotomy (GATT), OMNI, Trabectome,
Streamline, and TrabEx+, have significantly advanced the treatment of
glaucoma by improving aqueous humor outflow and reducing intraocular
pressure (IOP). These innovative procedures target the trabecular
meshwork (TM) and Schlemm’s canal, offering effective alternatives to
more invasive filtration surgeries. By enhancing the natural drainage
pathways, MIGS can achieve notable reductions in IOP and minimize
the need for long-term glaucoma medications. Each device has a distinct
mechanism of action. The KDB excises a strip of TM, while BANG
uses a bent hypodermic needle for controlled goniectomy. GATT
performs a 360-degree trabeculotomy using a microcatheter or Prolene
(polypropylene) suture to open Schlemm’s canal. OMNI combines
canaloplasty and trabeculotomy in a single procedure. The Trabectome
ablates TM tissue with electrical energy, whereas Streamline performs
viscodilation to expand outflow channels. TrabEx+ facilitates goniectomy
with integrated irrigation and aspiration. Clinical studies have shown these
MIGS techniques to be both safe and effective, with fewer complications
compared to traditional surgeries like trabeculectomy or tube shunt
implantation. MIGS procedures are particularly appealing due to their
reduced recovery time and lower risk profile. However, further research
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is essential to establish their long-term efficacy and durability. Continued
advancements and comprehensive long-term studies will ensure that
MIGS provide sustainable and reliable benefits for glaucoma patients,
optimizing treatment strategies in clinical practice.
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Introduction

Glaucoma is a leading cause of irreversible blindness
worldwide, characterized by progressive optic neuropathy
associated with elevated intraocular pressure (IOP). It is a
multifactorial disease, and timely management of IOP remains
the most effective strategy to prevent disease progression.
Despite advancements in medical and laser therapies, many
patients require surgical intervention to achieve adequate IOP
control. Traditional glaucoma surgeries, such as trabeculectomy
and tube shunts, have long been the standard options for
managing advanced disease. While effective, these procedures
are invasive, associated with significant risks such as hypotony,
infection, bleb-related complications, and prolonged recovery
periods.

To address these limitations, the past two decades have
witnessed the emergence of minimally invasive glaucoma
surgeries (MIGS), which aim to enhance aqueous humor outflow
with minimal disruption to ocular structures. First introduced in
the early 2000s, MIGS techniques have revolutionized glaucoma
management by offering safer, less invasive alternatives to
traditional surgeries. Unlike trabeculectomy, MIGS procedures
are often performed via an ab interno approach, eliminating
the need for conjunctival dissection and reducing the risk of
postoperative complications. Additionally, MIGS techniques
are associated with shorter operative times, quicker recovery,
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and better preservation of conjunctival integrity, making them
particularly advantageous for patients who may require future
surgical interventions.

The necessity for MIGS stems from their ability to bridge
the gap between medical therapy and more invasive surgical
options. With an expanding range of devices and techniques,
MIGS can be tailored to address specific anatomical and
physiological challenges of glaucoma, offering versatility in
treatment approaches. These procedures have demonstrated
significant success in lowering IOP and reducing dependence
on glaucoma medications, particularly in patients with mild to
moderate glaucoma. Moreover, the ability to combine MIGS
with cataract surgery has further broadened their applicability
and appeal.

This review aims to provide an overview of MIGS techniques,
highlighting their evolution, applications, and outcomes. By
comparing different MIGS procedures, we seek to elucidate their
roles in modern glaucoma management and their advantages
over traditional surgical approaches.

Kahook Dual Blade Goniotomy

Technical Information

The Kahook Dual Blade (KDB; New World Medical) is an
ophthalmic knife specifically designed for ab interno goniotomy.
It functions by engaging, stretching, and removing a strip of
diseased trabecular meshwork (TM) tissue in both pediatric and
adult glaucoma patients.! This MIGS device was cleared by the
United States Food and Drug Administration (FDA) in 2015
under a 510(k) class I exemption. The device features a unique
design that facilitates precise tissue removal. Key elements
include a distal 230-pm-wide footplate with a pointed tip for
penetrating target tissue, a ramp for tissue elevation, and a pair
of posteriorly integrated elevated parallel blades that stretch and
excise TM tissue.>’ Literature consistently demonstrates that the
KDB procedure significantly reduces IOP and dependence on
glaucoma medications across a wide range of glaucoma types and
severities, with a safety profile favorable to traditional incisional
procedures.

Surgical Application

Excisional goniotomy with the KDB is performed under
direct gonioscopic visualization. An intraoperative image of
KDB goniotomy can be found in Figure 1A. The device is
introduced into the anterior chamber via a temporal peripheral
clear corneal incision, targeting the nasal TM. The pointed tip
creates an opening, while the footplate seats against the anterior
wall of Schlemm’s canal. The device advances through the canal,
lifting TM onto the ramp and directing it toward the dual
blades, facilitating clean tissue excision. This process maximizes
the width of the excised TM strip while minimizing collateral
damage to surrounding structures.

Three excisional approaches are available, as described
by Dorairaj et al.>: 1) Mark and meet: The device creates an
initial opening at one end, is removed, re-enters the TM at
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the opposite end, and excises the tissue strip between the two
points. 2) Outside-in: The device creates an incision at one end
and cuts to the midpoint, then makes a connecting cut from
the opposite end for complete strip excision. 3) Inside-out: The
device engages the midpoint of the excision, moves to one end,
rotates 180 degrees, and returns to excise the strip in two halves
or leaves them in place, based on surgeon preference.

Indications

KDB is indicated for 1) Open-angle glaucoma (OAG): As a
standalone procedure or in combination with phacoemulsification,
addressing mild to severe disease, 2) Angle-closure glaucoma
(ACG): Combined with goniosynechialysis (GSL) to manage
peripheral anterior synechiae (PAS) and reduce IOP.

Literature Review

KDB excisional goniotomy can be performed as a standalone
procedure or in combination with phacoemulsification in the
treatment of OAG and across the spectrum of disease severity. In
a multicenter retrospective analysis, EIMallah et al.’ evaluated
the safety and efficacy of standalone KDB goniotomy in a
sample of 42 eyes with predominantly mild to severe primary
open-angle glaucoma (POAG; 85.7%) and reported mean
percentage reductions from baseline in IOP (-27.7%; -19.3%)
and glaucoma medications (-32.6%; -12.5%) at 6 and 12
months, respectively, with 40.5% of eyes experiencing reduction
by >1 IOP-lowering medications at 12 months. Dorairaj et al.®
evaluated clinical outcomes of KDB goniotomy combined with
phacoemulsification in a prospective, multicenter case series of
52 eyes. The authors found significant percentage reductions in
IOP (-26.2%) and glaucoma medications (-50.0%) by month

Figure 1. A) Intraoperative image of the Kahook Dual Blade goniotomy
procedure; B) Image of the first-generation Kahook Dual Blade model (top) and
the second-generation Kahook Dual Blade Glide® model (bottom)
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12, with an IOP reduction of >20% from baseline in 57.7%
of eyes and reduction in glaucoma medication burden by >1
medications in 63.5% of eyes. Reports have also compared the
outcomes of standalone KDB goniotomy to phacoemulsification
with KDB goniotomy. In a single-center retrospective report
of 90 patients with mild to severe POAG or pseudoexfoliative
glaucoma (PEXG), Barkander et al.” found KDB goniotomy
to produce significant percentage reductions in IOP (-39.5%;
-37.3%) and number of glaucoma medications (-11.4%; -30.3%)
at 24 months when performed as a standalone procedure and
when combined with phacoemulsification, respectively. The
authors noted a lower rate of postoperative hyphema (4%
vs. 26%; p=0.008) and lower risk of subsequent glaucoma
surgery (p=0.026) in the combined group, suggesting additional
benefits of the KDB procedure when performed in combination
with phacoemulsification.” The follow-up time of most KDB
studies in the current literature ranges from 6 to 24 months,
but two studies have found the procedure to exhibit excellent
reductions in IOP (by 24.7-39.0%) and glaucoma medication
burden (by 33.3-50.0%) at 36 months when combined with
phacoemulsification in eyes with OAG.*? Additionally, long-
term (60-month) success has also been demonstrated in eyes
with mild to moderate OAG on >1 IOP-lowering medications
at baseline, regardless of phacoemulsification status.'

While KDB goniotomy is indicated for the treatment of OAG
and ocular hypertension, success has been demonstrated when
treating ACG. Across multiple retrospective studies of a cohort
of 42 eyes with ACG, Dorairaj et al.'"'*"> showed that KDB-
assisted GSL and excisional goniotomy with phacoemulsification
induced significant mean percentage reductions in both IOP
(-48.8%; -47.2%;, -47.1%) and glaucoma medications (-91.7%;
-91.7%; -76%) at 6, 12, and 24 months, respectively. By 24
months, no subsequent glaucoma surgeries were required in the
study cohort and all eyes had achieved >20% IOP reduction
from baseline, with 69% becoming medication-free. The authors
suggested that the excellent safety and efficacy seen with this
combined procedure were due in part to its ability to address PAS
present, which cannot be accomplished with phacoemulsification
alone. Al Habash and Albuainain' prospectively analyzed
outcomes of this combined procedure in 11 eyes with ACG and
of KDB goniotomy with phacoemulsification performed in 37
eyes with OAG. At 24 months, significant percentage reductions
in mean IOP (-31.4%; -32.1%) and glaucoma medications
(-56.3%; -62.7%) were observed in eyes with ACG and OAG,
respectively, with no secondary surgical reinterventions required
in either group.

A recent study compared the outcomes of standalone
KDB goniotomy with other MIGS techniques. A single-center
retrospective study by Boopathiraj et al."” compared KDB
goniotomy to the Xen gel stent in moderate to severe OAG. At
36 months, KDB goniotomy achieved a 23.5% reduction in
IOP (from 23.2+6.0 mmHg to 16.6+5.4 mmHg) and a 30.8%

reduction in medication burden (from 2.2+1.4 to 1.1+0.7).
These outcomes were comparable to Xen, which reduced IOP
by 22.1% and medication burden by 25.6%. However, the KDB
group showed fewer surgical reinterventions (11.5% vs. 42.2%
in the Xen group), suggesting that KDB may have a lower
long-term complication rate and a reduced need for additional
surgeries."”

Complications

Reported complications include 1) Transient hyphema:
Common but resolves with conservative treatment. 2) IOP
spikes: Observed postoperatively but manageable. 3) Hypotony:
Cyclodialysis cleft, though rare (approximately 1.2% of
cases), can lead to significant complications such as hypotony
maculopathy. A recent case study demonstrated that minimally
invasive direct internal cyclopexy (MIDIC) can effectively address
cyclodialysis clefts associated with KDB goniotomy.!* MIDIC
avoids conjunctival or scleral incisions, making it an appropriate
option for patients who may require future trabeculectomy. This
technique has shown success in resolving hypotony maculopathy
and restoring visual acuity, as well as maintaining long-term
IOP control.'

Patients undergoing KDB should be monitored for signs of
persistent hypotony, such as choroidal detachment and hypotony
maculopathy. Management options include conservative
treatment with cycloplegics or surgical repair using cyclopexy
for refractory cases. Recommendations include early detection
and tailored intervention based on the severity of complications.

Future Advancements

The second-generation KDB device, KDB Glide®, received
FDA approval in 2020. An image of both KDB models
can be found in Figure 1B. Enhancements include beveled
edges and rounded footplate corners for smoother passage
through Schlemm’s canal. Preclinical data suggest superior TM
excision capabilities compared to other devices like TrabEx™,
360° trabeculectomy with Prolene (polypropylene) sutures, and
iAccess® Trabecular Trephine. Further studies are anticipated to
confirm these findings.'"'®

OMNI Surgical System

Technical Information

The OMNI surgical system (Sight Sciences Inc., Menlo
Park, CA, USA) combines canaloplasty and trabeculotomy
through a single corneal incision, addressing multiple points of
resistance in the aqueous humor outflow pathway. The device,
approved by the FDA in December 2017 and launched in
March 2018, includes a disposable handpiece with a cannula
tip for delivering a microcatheter, an advancement wheel for
microcatheter deployment and retraction, and a port for loading
an ophthalmic viscosurgical device (Figure 2A). This system
allows for microcatheterization and viscodilation of Schlemm’s
canal followed by trabeculotomy, making it a versatile option for
treating mild to moderate glaucoma."
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Figure 2. A) OMNI surgical system; B) OMNI device introducing the suture into the Schlemm’s canal; C) Appearance of the suture in the canal

Surgical Application

The surgical procedure begins with a temporal corneal
incision. The microcatheter is inserted into Schlemm’s canal for
viscodilation (Figure 2B), targeting resistance in both proximal
(TM and Schlemm’s canal inner wall) and distal (collector
channels) portions of the outflow pathway. Trabeculotomy
follows canaloplasty, addressing TM resistance and enhancing
aqueous outflow (Figure 2C). The OMNI device avoids scleral
dissection or conjunctival disruption and leaves no implant in
the eye, which contributes to its minimally invasive profile.

Indications

The OMNI device is indicated for mild to moderate
glaucoma and can be used as a standalone procedure or in
combination with cataract surgery. It is particularly suited for
pseudophakic patients and in cases where enhancing outflow at
multiple levels is critical.

Literature Review

Outflow resistance arises from various parts of the
physiological outflow pathway. In primates, up to 75%
of this resistance is attributed to the TM, specifically the
juxtacanalicular tissue.”**' The inner wall of Schlemm’s canal,
on the other hand, contributes 10% or less to the resistance in
normal eyes.” Studies suggest that in eyes with POAG, the cross-
sectional area of Schlemm’s canal is on average 54% lower, and
mean outflow facility is 55% lower compared to normal eyes.
These findings suggest atrophy of Schlemm’s canal as a potential
source of resistance.”” Another point of resistance is observed
at the collector channel ostia, as demonstrated in bovine eyes,
where increased IOP led to the herniation of the inner wall and
juxtacanalicular tissue into the ostia of the collector channels.?

Combining canaloplasty and trabeculotomy addresses both
proximal (TM and inner wall of Schlemm’s canal) and distal
(Schlemm’s canal and collector channels) points of conventional
outflow resistance.”” The canaloplasty part of the procedure opens
the distal outflow pathway, including the collector channel ostia,
and subsequent trabeculotomy removes the resistance due to the
TM. Using the OMNI system also has the advantage of avoiding
scleral dissection, sparing the conjunctiva, and not leaving an
implant inside the eye.” This provides an efficient and safe
MIGS option for glaucoma patients.
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The ROMEO study is a retrospective multicenter study that
evaluated the efficacy and safety profiles of the OMNI system
in mild to moderate glaucoma (with IOP <36 mmHg on <4
medications).?*?”* In pseudophakic patients who underwent
standalone canaloplasty and trabeculotomy, the rate of success
(defined as 20% reduction in IOP from baseline or IOP between
6 and 18 mmHg on the same or fewer medications without
glaucoma reoperation) was 72.9% at 1 year. Patients with high
baseline IOP (>18 mmHg) showed a statistically significant
reduction of IOP from 21.8+3.3 mmHg on 1.7+1.3 medications
at baseline to 15.6+2.4 mmHg on 1.2+1.3 medications at 1 year.
However, in patients with low baseline IOP (<18 mmHg), IOP
reduced from 15.4+2.0 mmHg preoperatively to 13.9+3.5 at
postoperative month 12 (p=0.24), with a decrease in medication
burden from 2.0+1.3 at baseline to 1.3+1.3 at month 12
(p=0.003). The percentages of patients who used the same
number of medications or fewer than at baseline were 91.7%
and 89.5% among patients with baseline IOP >18 mmHg
and <18 mmHg, respectively. No difference in IOP reduction
based on the extent of canaloplasty or trabeculotomy was noted.
Most of the reported complications in that study were mild and
transient. Mild postoperative inflammation was noted in 12.5%
of the eyes, 10.5% of the patients required additional glaucoma
procedures, IOP spikes occurred in 5% of the eyes, and corneal
edema, clinically significant hyphema (layered and >1 mm and/
or persisting for 1 week or more and/or required a secondary
intervention), and decreased visual acuity were reported in 4.2%
of the eyes.”

After 2 years of follow-up, the patients with high baseline
IOP who underwent combined canaloplasty/trabeculotomy with
cataract surgery had an IOP reduction from a preoperative
mean of 21.7 mmHg on 2.2 medications to 15.6 mmHg on
1.4 medications.”” On the other hand, standalone canaloplasty/
trabeculotomy resulted in an IOP reduction from 22.1 mmHg
on 1.9 medications to 14.7 mmHg on 1.64 medications. The
overall success rate of the cohort was 75% at 2 years, compared
to 80.2% at 1 year, which suggests the persistence of the IOP-
lowering effect of the canaloplasty/trabeculotomy surgery in
the majority of patients. Around one-third of patients were
medication-free at 2 years, compared to 12% at baseline.”®
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In the prospective GEMINI study, 360° canaloplasty and
180° trabeculotomy performed with the OMNI surgical system
at the time of phacoemulsification resulted in a reduction of
unmedicated diurnal IOP from 23.8+3.1 mmHg at baseline
to 15.6+4.0 at month 12, with 84.2% of eyes achieving IOP
reductions of 220% from baseline. Similarly, the mean IOP
reduction was 6.2 mmHg at 24 months and 6.9 mmHg at 36
months, with the proportion of eyes with 220% reduction in
IOP being 77% and 78% at 24 and 36 months, respectively.
Moreover, significantly fewer medications were reported at
months 12, 24, and 36 (0.4+0.9, 0.4+0.9, and 0.3+0.6,
respectively, vs. 1.8+0.9 at baseline). Seventy-four percent of the
enrolled patients were medication-free at 36 months. Transient
hyphema (>1 mm) was the most commonly reported adverse
event in the study, occurring in 6% of the treated eyes, and
none of the patients experienced decreased visual acuity due
to the procedure. One patient required glaucoma reoperation
to control IOP at month 30.#7° One of the important risk
factors for glaucoma progression is IOP fluctuations.’’ In the
post-hoc analysis of the diurnal IOP from the GEMINI study
at three different time points (9 am, 12 pm, and 4 pm), it
was found that after treatment, the peak IOP was around 8
mmHg lower and IOP fluctuations were 1 mmHg lower than
baseline. Additionally, postoperative IOP measurements at each
diurnal time point were statistically significantly lower than the
corresponding time points preoperatively.’?

The OMNI device can be used in conjunction with other
MIGS to enhance IOP lowering and decrease the number of
glaucoma medications.” In a retrospective study by Dickinson et
al.** the success rates (meeting target IOP without medications
or further surgical intervention) were 44.5% in patients who
underwent phacoemulsification with the Hydrus microstent alone
versus 70.0% in the phacoemulsification-Hydrus-canaloplasty
(using the OMNI device) group at 6 months (p=0.04). The
percentage of medication reduction was 67% in the microstent
group alone compared to 88% in the microstent-canaloplasty
group (p<0.05). None of the patients in either group required
glaucoma reoperation to control IOP. The authors postulated that
the increased success rate of the microstent-canaloplasty group
was likely due to the downstream dilating effect of canaloplasty,
which reverses the herniated tissue in the collector channels
and possibly provides a larger outflow area distal to the Hydrus
implant. Additionally, the viscodilation of Schlemm’s canal
might make the correct positioning of the Hydrus implant in the
canal easier. Similarly, in patients with inadequate IOP control
after iStent (Glaukos, San Clemente, CA, USA) implantation,
canaloplasty and trabeculotomy using the OMNI device resulted
in a 23% reduction of IOP and an 18% decrease in medication
burden.’” The additive IOP- and medication-lowering effects of
combined or sequential MIGS procedures should be weighed
against the cost of these procedures.’*’

In our experience, we prefer to perform canaloplasty/
trabeculotomy after completing cataract surgery in combined

cases using a temporal approach, as most of the active collector
channels are thought to be located inferiorly and nasally.*®
Additionally, we tend to perform 360° canaloplasty with 180°
trabeculotomy (instead of 360° trabeculotomy) since the success
rates of 360° and 180° trabeculotomy were comparable.

Complications

The most commonly reported complications with OMNI
include mild and transient postoperative inflammation (12.5%),
IOP spikes (5%), and hyphema (>1 mm), noted in 4.2% of
cases. These adverse events typically resolve with conservative
management. Performing 360° canaloplasty with 180°
trabeculotomy instead of full 360° trabeculotomy reduces the
likelihood of complications such as hyphema while maintaining
efficacy. Rare cases of corneal edema and transient vision changes
have also been reported.**

Gonioscopy-Assisted Transluminal Trabeculotomy

Technical Information

Gonioscopy-assisted transluminal trabeculotomy (GATT)
is a MIGS introduced in 2014." It involves the ab interno
cannulation of Schlemm’s canal through a single or dual
corneal incision, providing a less invasive alternative to
traditional filtering surgeries. The procedure directly addresses
TM dysfunction and the adjacent inner wall of Schlemm’s
canal, enhancing aqueous outflow and reducing IOP GATT
has demonstrated efficacy across a variety of glaucoma types,
including primary and secondary OAG, ACG, pediatric, and
juvenile glaucoma, offering a versatile option for different patient
populations.

Surgical Application

GATT is performed via an ab interno approach, minimizing
surgical trauma and postoperative complications. Following
standard sterile preparation, a paracentesis track is created as an
entry site. Viscoelastic is injected to maintain the depth of the
anterior chamber. An illuminated microcatheter is introduced
into the anterior chamber, positioned at the nasal angle, and a
goniotomy is performed. The microcatheter is carefully advanced
circumferentially through Schlemm’s canal using microsurgical
forceps to ensure complete traversal. Once the microcatheter
completes its passage, a 360-degree trabeculotomy is performed.
Residual viscoelastic and blood are cleared using a bimanual
irrigation-aspiration system. Postoperative care typically includes
corticosteroid and antibiotic drops.

GATT is most suitable for ACG patients with manageable
PAS. Combining GATT with GSL is key to opening angles
with PAS and allowing access to Schlemm’s canal. The surgical
technique for ACG differs from standard GATT by incorporating
GSL using a blunt spatula, which ensures visualization of the TM
and facilitates canal cannulation.

Variations in Technique and Instrumentation
Prolene GATT: A novel adaptation of the GATT technique
involves thermally marking and blunting the tip of a 5-0
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Prolene® (polypropylene) suture for enhanced visualization
during the procedure (Figure 3). This modification maintains
similar safety to the use of an illuminated microcatheter but is
more cost-effective. This approach allows for good visualization
of the suture tip during the circumnavigation of Schlemm’s
canal, contributing to the ease and effectiveness of the surgery. "%

Prolene GATT with Marker Suture: This method utilizes
a Prolene® suture for canalization and an additional Vicryl®
(polyglactin 910) suture as a marker, enabling the surgeon
to estimate the degree of Schlemm’s canal cannulated. The
technique proved to be safe and effective, even in partial
canalizations, offering a low-cost alternative to illuminated
microcatheters. The use of the marker suture aids in tracking the
progress and success of the procedure.

Trabectome-initiated GATT (TIGATT). The TIGATT
procedure, a modification of GATT, replaces the initial
goniotomy incision with an ab interno trabeculectomy ablation
using the trabectome. This approach showed promising results
in a preliminary case series, offering a feasible alternative
with comparable safety and efficacy to traditional GATT and
trabectome surgeries.”” The authors proposed that conducting
TM ablation by trabectome could be advantageous, as the initial
incision of the TM may result in bleeding and obstruct the
surgeon’s field of vision. This approach offers a clearer view of
Schlemm’s canal lumen and its outer wall, while also reducing
the likelihood of needing to reapproximate the wound in the
trabectome-treated portion of the angle. Patients undergoing
TIGATT experienced significant IOP reduction and a decrease
in medication use, highlighting its potential effectiveness in
glaucoma management.”

Hemi-GATT: Hemi-GATT involves treating only 180
degrees of the Schlemm'’s canal, compared to the 360 degrees in
traditional GATT. This approach is adaptable to anatomically
difficult cannulations and may have an improved safety profile. It
allows for future interventions if necessary, providing a stepwise
approach to glaucoma management. Evidence suggests that

Figure 3. Prolene (polypropylene) gonioscopy-assisted transluminal
trabeculotomy. The suture is in the canal and the distal tip is grasped
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treating fewer degrees might not compromise the efficacy of the
procedure.

Indications

GATT is indicated for a wide range of glaucoma types,
including primary and secondary OAG, ACG, pigmentary
glaucoma, pediatric glaucoma, and glaucoma refractory to
conventional medical treatments. Its minimally invasive nature
and ability to avoid conjunctival disruption make it a preferred
option for patients who may require future surgeries.

Literature Review

The effectiveness of GATT has been demonstrated in several
studies. Dar et al.”’ reported a mean IOP reduction from 19.3
mmHg to 13.2 mmHg in advanced OAG, achieving a 91%
success rate for IOP <18 mmHg at 6 months. Faria et al.®®
observed a significant decrease from 24.85 mmHg to 12.58
mmHg at 24 months in cases resistant to medical therapy, with
a success rate of 64.9% for standalone GATT procedures. Liu et
al.* documented a 45% IOP reduction at 4 years across various
OAG types, though with a cumulative failure rate of 53.9%.

GATT’s efficacy extends to PEXG, with Aktas et al.”’
reporting a higher success rate in PEXG (97.6%) compared to
POAG (86.8%) in the first year. Grover et al.’' demonstrated an
average IOP reduction of 9.2 mmHg in POAG and 14.1 mmHg
in secondary OAG at 24 months, highlighting its broader
applicability. Furthermore, Rahmatnejad et al.”? reported an
overall success rate of 63.0% at 12 months, with IOP reductions
from 26.1 mmHg to 14.6 mmHg.

Beyond primary glaucomas, GATT has shown promise
in other types. Parikh et al.”> documented an IOP reduction
from 37.8 mmHg to 12.2 mmHg at 12 months in uveitic
glaucoma, with an 819% success rate and a reduction in glaucoma
medications from 4.6 to 2.2. Belkin et al.>* observed a decrease
in IOP from 31.4 mmHg to 13.8 mmHg in uveitic glaucoma
over 1 year. Aktas et al.”® reported an IOP reduction from 31.0
mmHg to 15.6 mmHg in vitrectomized patients, with a success
rate of 93.3%. Similarly, Smith et al.”® demonstrated significant
decreases in IOP and medication dependency in eyes with prior
keratoplasty. Hopen et al.”” emphasized the effectiveness of
GATT in pediatric patients with steroid-induced glaucoma,
achieving IOP reduction through 360° GATT.

GATT has proven effective in ACG, with Fontana et al.”®
reporting a reduction from 30.27 mmHg to 15.20 mmHg at 1
year and a 93-100% success rate at 6 and 12 months. Sharkawi et
al.”? documented reductions from 21.4 mmHg to 12.1 mmHg
at 24 months, with a 78% success rate. Additionally, Chira-
Adisai et al.* found IOP reductions from 21.8 mmHg to 15.1
mmHg over 2 years in ACG.

In primary congenital glaucoma (PCG), Aktas et al.®' noted
significant IOP reductions (from preoperative mean of 31
mmHg to 17.8 mmHg) and a decrease in medication count,
while Elhusseiny et al.®’ reported a reduction in mean IOP from
25.7 mmHg to 11.5 mmHg. Grover et al.®> also observed a mean
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decrease in IOP of 12.5 mmHg in PCG and juvenile glaucoma.
Haidu and Aktas®® found postoperative IOPs of 10 and 11
mmHg at 6 months in a child with Klippel-Trenaunay-Weber
syndrome. These outcomes collectively suggest that GATT is a
versatile and effective surgical option across various glaucoma

types.

Complications

The most commonly reported complication of GATT is
transient hyphema. Naftali Ben Haim et al.® noted IOP
spikes in 24% of 217 eyes, often associated with medication
withdrawal. The average duration of IOP spikes was 4.9 days,
and these spikes were linked to GATT failure. Gunay et al.®®
reported PAS formation in 38.3% of nasal quadrants and 25.3%
of temporal quadrants at 6 months post-surgery, which could
limit long-term outcomes. Rao et al.”’
IOP spikes, including retained viscoelastic and uncontrolled
hypertension, often associated with PAS in multiple quadrants
or fibrotic TM tissue. Another rare but severe complication is

identified causes of

the wipe-out phenomenon, as reported in patients undergoing
GATT combined with phacoemulsification.®® Wipe-out is
characterized by sudden postoperative vision loss, central visual
field deterioration, and decreased visual acuity, often seen
in patients with advanced glaucoma. This underscores the
importance of cautious patient selection, particularly for those
with advanced optic nerve damage. Other rare complications
include persistent mydriasis, delayed-onset hyphema, panscleritis,
cystoid macular edema, intracapsular hematoma, Descemet
membrane separation, and transient myopia due to supraciliary

effusion.69,70,7 1,72,73,74,75

Bent Ab interno Needle Goniectomy

Technical Information

Bent ab interno needle goniectomy (BANG) is a cost-
effective alternative to commercially available TM-based
glaucoma procedures. This technique employs a bent 25-gauge
hypodermic needle to create a goniotome, forming two cutting
edges for TM removal. Unlike commercialized devices with
a fixed 90-degree bend, the needle bevel can be adjusted
to a 75-degree angle, facilitating smoother travel within
Schlemm’s canal and reducing resistance encountered along
curved canalicular structures (Figure 4A). Histological studies
confirm that the excised tissue is indeed TM, demonstrating the
procedure’s targeted effectiveness.

Surgical Application

The BANG procedure involves creating a goniotome by
bending the distal 1 mm of a sterile 25-gauge hypodermic
needle toward the bevel using a needle driver. For standalone
procedures, a 1.4-mm incision suffices, while a temporal incision
is utilized when combined with cataract surgery. The bent needle
is used to excise the nasal TM, effectively lowering resistance
and facilitating aqueous outflow (Figure 4B). The shorter needle
design may limit access to all angles from a temporal approach,
highlighting the importance of precise adjustments for surgical
efficacy.

Indications

BANG is indicated for patients with OAG seeking a low-cost
alternative to other MIGS. It can be performed as a standalone
procedure or combined with cataract surgery, making it a
versatile option for various patient needs.

Literature Review

Initial data on the efficacy of the BANG procedure
is promising but limited in scope. Shute et al.”® analyzed
outcomes from 41 eyes of 23 OAG patients undergoing BANG,
either as a standalone procedure (2 eyes) or combined with
phacoemulsification (39 eyes). The average preoperative IOP was
17.4+4.1 mmHg on 1.1+1.4 topical glaucoma medications. At
6 months postoperatively, the mean IOP decreased to 13.3+2.5
mmHg, with 73% of patients achieving 220% IOP reduction
(p=0.01). Additionally, 73% of patients required at least one
fewer medication, and 41% achieved IOP <12 mmHg.

Despite these promising results, the absence of comparative
studies among goniotomy devices and limited long-term data
highlights the need for further research. Current efforts include
multicenter, longitudinal studies aimed at assessing the long-
term efficacy and safety of the procedure.

Complications

The BANG procedure shares a complication profile similar
to other TM-based surgeries, although specific reports are
sparse due to the limited volume of published data. Potential
complications may include transient hyphema, IOP spikes, and
mild postoperative inflammation, consistent with findings in
similar goniotomy techniques. The straightforward nature of
the BANG technique and the use of readily available materials
suggest a favorable safety profile, but more data are needed to
confirm this assumption.

Figure 4. A) The tip of a 25-gauge hypodermic needle is bent; B)
The needle tip is inserted along Schlemm’s canal for goniectomy
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Trabectome

Technical Information

The Trabectome, developed by NeoMedix Corporation, is a
surgical device approved by the FDA in 2004 for the treatment
of glaucoma. It is designed to enhance aqueous humor outflow
by ablating a strip of the TM and the inner wall of Schlemm’s
canal using high-frequency electrical energy (Figure 5).%”7 This
technique minimizes tissue damage while facilitating direct
outflow of aqueous humor into Schlemm’s canal, reducing
IOP. The procedure’s minimally invasive nature results in less
postoperative inflammation and scarring compared to traditional
glaucoma surgeries. However, the high-frequency ablation
method is associated with a higher risk of intraoperative blood
reflux, a temporary complication that can obscure the surgical
field and potentially prolong surgery duration. Despite this, the
Trabectome has demonstrated consistent efficacy in reducing
IOP and dependence on glaucoma medications.

Surgical Application

The Tabectome procedure begins with the creation of a
small corneal incision. The device is inserted under gonioscopic
visualization to access the TM. High-frequency electrical energy
is used to ablate a portion of the TM and the inner wall of
Schlemm’s canal, creating a pathway for improved aqueous
humor outflow. Careful technique is required to manage potential
blood reflux from Schlemm’s canal, which typically resolves
spontaneously and does not significantly impact postoperative
outcomes. Postoperatively, anti-inflammatory and antibiotic
medications are prescribed to minimize inflammation and
infection risk.

Figure 5. Tip of the Trabectome device, ablating and removing the
trabecular meshwork strip
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Indications

The Trabectome is indicated for patients with OAG,
particularly those seeking a minimally invasive procedure to
improve aqueous outflow and reduce IOP. It can be performed as
a standalone procedure or in combination with cataract surgery,
offering flexibility for a range of patient needs.

Literature Review

The Trabectome has been extensively studied, with results
consistently demonstrating its efficacy and safety in managing
glaucoma. Studies have shown that the Trabectome achieves
significant reductions in IOP, with average decreases ranging from
20% to 40% depending on the patient population and follow-up
duration. For example, Mosaed et al.”® reported an IOP reduction
from 24.6 mmHg to 16.4 mmHg at 12 months in patients with
POAG, with a simultaneous reduction in glaucoma medications.
In a multicenter study, Kaplowitz et al.”” reported that the
Trabectome lowered IOP by approximately 31% to a final IOP
near 15 mmHg while reducing the number of medications by
less than one, with a low rate of serious complications. When
combined with phacoemulsification, the Trabectome has shown
additive effects in IOP reduction. Minckler et al.* reported a
decrease from 21.1 mmHg to 15.6 mmHg at 12 months in
patients undergoing combined Trabectome-phacoemulsification
procedures. Although the Trabectome is generally effective, its
success may vary based on patient factors such as age, disease
severity, and baseline IOP. Additionally, while the device is
effective in reducing IOP, its outcomes may be less predictable
in secondary glaucomas compared to POAG.

Complications

The most commonly reported complication of Trabectome
surgery is intraoperative blood reflux from Schlemm’s canal,
which occurs due to the direct connection created between
the anterior chamber and the canal. Although this reflux can
obscure the surgical field, it typically resolves spontaneously
without impacting long-term outcomes. Other complications
include transient hyphema, postoperative IOP spikes, and
mild inflammation, all of which are generally self-limiting and
manageable with standard postoperative care.

Other Procedures

TrabEx+ surgery, an ab interno trabeculectomy, offers
a minimally invasive approach to managing glaucoma by
removing the TM to enhance aqueous humor outflow and
IOP. Utilizing a serrated dual-bladed device with integrated
irrigation and aspiration ports, TrabEx+ maintains the anterior
chamber stability during surgery, eliminating the need for ocular
viscoelastic devices. A recent study reported significant outcomes
with TrabEx+, showing an average IOP reduction from 31.3
mmHg preoperatively to 20.9 mmHg postoperatively over a
follow-up period of up to 38 months. Additionally, the study
found that 73% of eyes achieved over a 20% reduction in IOP
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without requiring additional surgeries or increased medication,
highlighting the procedure’s efficacy."

TrabEx+ surgery was performed as a standalone procedure
or combined with cataract surgery, with both methods showing
substantial IOP reductions and a decrease in the need for
glaucoma medications. The incorporation of irrigation and
aspiration ports into the TrabEx+ device stabilizes the anterior
chamber during surgery, improving surgical precision and
reducing complications. Despite these benefits, some patients
experienced postoperative complications, such as hyphema and
transient IOP spikes, which were managed medically in most
cases. Overall, the early results of TrabEx+ surgery demonstrate
its potential as a safe and effective option for reducing IOP in
glaucoma patients, with the added benefit of minimizing the
need for postoperative glaucoma medications. Gosling et al.®!
underscored the need for further long-term research to fully
establish the procedure’s efficacy and safety profile over extended
follow-up periods. These findings align with the growing trend
of utilizing MIGS to provide safer and more effective alternatives
to traditional filtration surgeries.

The Streamline® (New World Medical) is a MIGS system
aimed at enhancing aqueous humor outflow by targeting
Schlemm’s canal. Unlike trabeculotomy, it employs canaloplasty,
involving cannulation and viscodilation of Schlemm’s canal. The
device features a disposable stainless-steel cutting cannula within
a polymer sleeve, introduced through a corneal incision. Upon
retraction, it creates a 150-pm goniotomy and injects viscoelastic
material to dilate the canal and collector channels, reducing

IOP. FDA-approved in 2021, initial trials show promising IOP
reduction and medication decrease at 6 months.*? Further studies
are needed to assess its long-term efficacy and safety.

Conclusion

This review of various MIGS procedures highlights
advancements in techniques aimed at reducing IOP by
enhancing aqueous humor outflow. Devices like the TrabEx+,
Streamline, and KDB demonstrate significant IOP reductions
and decreased medication dependence with favorable safety
profiles. These MIGS procedures offer less invasive alternatives
to traditional filtration surgeries and show promising short-term
results. However, further long-term studies are needed to fully
establish their efficacy and safety, ensuring sustainable benefits
for glaucoma patients. Table 1 provides a comparative summary
of various ab interno goniectomy techniques, highlighting
their pressure-lowering effects, strengths, weaknesses, and
recommended clinical applications.

Additionally, the success of angle surgeries heavily relies
on the surgeon’s proficiency in gonioscopy, which is critical for
proper angle assessment, surgical planning, and intraoperative
visualization. Gonioscopy training should be emphasized as a
cornerstone in the skill set of ophthalmic surgeons performing
angle surgeries. Enhanced gonioscopy proficiency can
improve surgical outcomes, reduce complications, and expand
the accessibility of MIGS procedures by increasing surgeon
confidence and competence.

Table 1. Summary of ab interno goniectomy techniques
. Pressure-lowerin
Technique eff g Strengths Weaknesses Recommended for
. Minimally invasive; effective in . . . .
GATT 30-50% reduction . ¥ ARVASIV v Requires skill; hyphema risk Mild to advanced OAG
various glaucomas
. Minimal infl: tion; Blood reflux; less predictabl
Trabectome 20-40% reduction ! 1r'na " 'amrna 10 . e Early to moderate OAG
combines with phaco in PEXG
Comparable to marketed L. Limited data; potential for IOP | Mild to moderate OAG, resource-
BANG np : Cost-effective; simple setup o 242, P @ - oo "
devices spikes limited settings
. Targets proximal and distal Device cost; mild transient .
OMNI 20-30% reduction e . . Mild to moderate glaucoma
resistance inflammation
. Safe and effective; bing Hyphema; less effi in .
KDB 25-40% reduction A yphemna, fess etficacy 1 Mild to moderate glaucoma
with cataract surgery advanced stages
GATT: Gonioscopy-assisted transluminal trabeculotomy, BANG: Bent ab interno needle goniectomy, KDB: Kahook Dual Blade, PEXG, Pseudoexfoliative glaucoma, IOP: Intraocular pressure,
OAG: Open-angle glaucoma
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