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ABSTRACT

Surgical procedures are playing an increasingly important role in the
treatment of glaucoma. The mechanisms of increased intraocular
pressure include structural alterations of tissue within the trabecular
meshwork, in the chamber angle, Schlemm canal and the distal collector
channels. These changes in the trabecular outflow pathway increase the
resistance to the outflow of aqueous humor. Approximately 50-70% of
the total outflow resistance in glaucomatous eyes occurs in the trabecular
meshwork and 30-50% in Schlemm canal and the collector channels.
Various minimally invasive glaucoma surgeries and/or microinvasive
bleb-surgeries target these points. Compared to trabeculectomy, which
is mainly used for advanced glaucoma and is associated with the use of
cytostatics, the achievable pressure reduction is generally somewhat
lower. However, the advantage of the newer, more individualized
procedures is not only the significantly lower intra- and postoperative
complication rate, but also the fact that they can already be used for mild
to moderate glaucoma (70 % of all glaucoma patients). This enables
efficient glaucoma treatment that can be started earlier, requires only a
moderate reduction in pressure and is significantly more effective than
glaucoma treatment with medication.

Keywords: MIGS, Canaloplasty, ELT, Stents, Trabeculotomy, Suprachoroidale
Drainage
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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)." The first-line therapy for
lowering intraocular pressure is usually the
administration of medication in the form of eye drops.
Poor compliance and tolerability can sometimes
lead to treatment failure. The glaucoma treatment
paradigm is evolving from a topical medications-
first approach to a more proactive procedural
approach, a shift that has been termed “interventional
glaucoma”, for instance Selektive-Laser-
Trabeculoplasty as first line treatment.? For
progressive glaucoma with surgical intervention, ab-
externo filtration surgery is still considered the gold
standard, but the procedure can lead to significant

complications.?

In the last ten years, newer surgical procedures have
become established, which are summarized under
the term minimally invasive glaucoma surgery (MIGS).
MIGS were developed as safer and less traumatic
surgical procedures for patients with mild to moderate
glaucoma or intolerance to standard medical therapy.
They are characterized by an ab interno approach
that causes minimal trauma and impact to the ocular
anatomy, sparing the conjunctiva and allowing for
rapid recovery.* This does not apply for filtering
surgical methods, which is why MIGS procedures are
playing an increasing role in the treatment of patients
with mild to moderate glaucoma. In addition, MIGS
procedures can be combined very well with cataract
surgery. Only ab interno procedures without a
drainage cushion (isolated chamber angle
interventions) can be described as MIGS. MIGS
procedures tend to have a moderate IOP-lowering

effect, but can reduce the medical burden.’

The implementation of the therapeutic target |OP
for glaucoma varies from patient to patient and
requires individual procedures in order to achieve

a maximum reduction in intraocular pressure (IOP).
Compared to trabeculectomy with the use of
cytostatics, MIGS generally achieves a slightly lower
reduction in IOP. However, the major advantage of
MIGS is the significantly improved intra- and
postoperative complication rate. In addition, the
broad spectrum of MIGS procedures available today

enables more individualized glaucoma therapy.

This article focuses on the increasingly important
role of MIGS, which offers a variety of surgical
treatment options for glaucoma and enables early
treatment of glaucoma. An up-to-date overview of
the individual MIGS procedures is given here.
Minimally invasive procedures with implantation of
trabecular stents or suprachoroidal drainage implants
and implant-free procedures such as ab interno variants
of canaloplasty, trabecolotomy or trabeculectomy as
well as "high-frequency deep sclerotomy” or excimer
laser trabeculostomy are described.

Indications for Minimally Invasive

Glaucoma Surgeries

Minimally invasive glaucoma surgery-procedures
are considered for patients with mild to moderate
visual field defects when drug therapy does not
result in sufficient IOP reduction or IOP is above
target pressure, patients are not adherent to
treatment or it is suspected that patients are not
adherent to treatment. In particular, by reducing
the number of different topical medications, MIGS
are a useful tool to improve patient adherence and
therefore treatment outcomes. In addition, earlier
intervention can help delay or avoid the need for

more invasive surgery.

Approaches for Minimally Invasive

Glaucoma Surgeries

There is a wide variety of different surgical procedures,
the majority of which address the structures of
physiological ventricular outflow (trabecular meshwork,
Schlemm's canal, collector channels) to lower IOP.>
The different procedures can be divided into 4

groups:
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1. procedures that reduce the outflow resistance
with the aid of stents.

2. procedures that induce viscodlilation of Schlemm's

canal and stretching of the trabecular meshwork.

3. procedures that completely or partially open
or resect the trabecular meshwork.

4. procedures that promote uveoscleral outflow
as an alternative drainage pathway via an ab-

interno implant.

All minimally invasive glaucoma surgery-procedures
are glaucoma surgical procedures with the following

characteristics:
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Figure 1: Glaucoma treatment options, with highlighted MIGS options. (modified to Hoffmann EM et al. 2021)°

Cataract surgery and Minimally

Invasive Glaucoma Surgeries

The proportion of cataract patients with
simultaneously diagnosed glaucoma is around 10%.’
For these patients, MIGS opens up the possibility
of treating both diseases in one procedure. MIGS
procedures can be combined very well with cataract

surgery, which is not the case in this extent with MIBS.

Almost all combined MIGS procedures are not
inferior to simple phacoemulsification. Therefore,
every ophthalmologist should consider simultaneous
target pressure-oriented glaucoma surgery when
performing cataract surgery on a glaucoma patient
with clinically relevant glaucoma, as the advantages

generally outweigh the disadvantages.

Contra-Indications for Minimally

Invasive Glaucoma Surgeries

However, not all glaucoma patients can be treated
effectively with MIGS. The most important exclusion
criteria are as follows:

- altered chamber angle anatomy (e.g. peripheral
anterior synechiae)

- poor chamber angle assessability (e.g. corneal scars)

- low target pressure

- advanced glaucoma with progression

- high episcleral venous pressure (excl. suprachoroidal
outflow)

- massive bleeding tendency

- several secondary glaucoma (e.g. neovascularization

glaucoma)
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Angle based Minimally Invasive

Glaucoma Surgery-procedures

TRABECULAR STENTS

iStents

The first generation of iStents® (Glaukos Corp., Aliso
Viego, CA, USA; 2004) consisted of an angled, half-
open titanium tube that was implanted into Schlemm's
canal after perforation of the trabecular meshwork.
The part located in Schlemm's canal had denticle-
like divisions that prevented dislocation. Ziaei et al.?
found a reduction in IOP from a preoperative mean
of 21.3 to 16.4 mmHg 7 years after combined cataract
surgery with implantation of a first-generation iStent.
Preoperatively, a mean of 2.17 antiglaucoma drops
were administered. After 7 years, after a gradual
increase, it was 1.58 medications. Even without
combined cataract surgery, it was shown in phakic
and pseudophakic eyes that there is also a significant
reduction in IOP and the amount of antiglaucoma
medication required over the long term.’

With the second generation (iStent inject®, 2012),
the implantation process was significantly simplified.
With the help of a spring mechanism, a standardized
application of 2 preloaded stents radially in the
direction of the applicator's guide needle was made
possible at the push of a button. In addition, the
design was changed to a short, heparin-coated
titanium tube with an arrowhead-like head with
barbed function. In a case series using anterior
segment OCT (AS-OCT), Gillmann et al.” showed
that 72% of implanted iStent inject stents were not
optimally positioned with the distal end of the stent
in Schlemm's canal and that a stent slightly raised
above the level of the trabecular meshwork was
associated with a better IOP-lowering function
compared to a stent implanted too deep. However,
if the Istent is placed correctly, a long-lasting effect
of up to 7 years can be achieved.™

Nevertheless, retrospective comparative studies
have shown that the iStent inject achieves a higher
IOP reduction after 6 and 12 months compared to

implantation of the first-generation iStent.'?" Further

studies were unable to determine this significant
difference in IOP reduction after 12 months. However,
they were able to show that the topical antiglaucoma
medication required is reduced more after iStent

inject implantation.™

In the 3rd generation (iStent inject® W; 2018), the
base plate of the stents has been enlarged compared
to the 2nd generation with the same design in order
to prevent implantation too deep into the trabecular
meshwork. This enables more precise placement of
the iStents, which are crucial for trabecular outflow
improvement and thus for the achievable |OP
reduction. With the iStent infinite®, 3 third-
generation stents are currently implanted instead
of the previous 2 stents. Sarkisian et al." have
published the initial results of a multicenter study.
In 72 eyes with a mean baseline IOP of 23.4 mmHg
with an average of 3.1 topical antiglaucomatous
medications, there was a reduction to an average
of 17.5 mmHg and 2.7. Due to the high number of
previous glaucoma operations (61 of 72 eyes), these
results are only comparable to previous publications
of the iStent generations to a limited extent.
Recent publications show that the use of the iStent
infinite® achieves a small but clinically relevant and
statistically significantly better reduction in non-
medicated mean diurnal IOP with less surgical
complications compared to Hydrus.'® And even in
combined procedures with cataract surgery, it has
been shown that there is a clinically and statistically
significant reduction in intraocular pressure and
medication intake up to 12 months after surgery with
a low rate of side effects.”

The success of the implantation depends above all
on optimal placement in the ciliary body band with a
well-dosed contact pressure to prevent implantation
too deep into the tissue. Immediately after optimal
implantation, there is often minor reflux bleeding
from the collector tubules in the ostia of the stents,
which is usually self-limiting within a few days. Less
frequently, recurrent anterior chamber hemorrhages
occur weeks to months after stent implantation, which
can be caused by uveitis-glaucoma-hyphemia

syndrome.’® Presumably triggered by mechanical
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irritation, irritation occurs which can be calmed by
removing the stents. In addition, stent occlusion and
|IOP spikes have been described as postoperative

complications."

Hydrus® Microstent

The Hydrus® Microstent (Alcon, Fort Worth, TX, USA)
was also developed for trabecular implantation. At
8 mm in length, it is significantly larger than the
iStents. Like the first generation iStent, the Hydrus
is implanted laterally into Schlemm's canal using the
applicator after incision of the trabecular meshwork.
Compared to the iStent, only the ostium, which is
located at the transition from the anterior chamber
to Schlemm's canal, is tubular. The parts located
further into Schlemm's canal correspond to a semi-
open scaffold with large fenestrations, which has a
mechanically dilating effect on Schlemm's canal and
avoids the entrances to the collector tubules. Only
one stent is implanted as standard. The HORIZON
study showed that cataract surgery in combination
with Hydrus implantation is superior to cataract
surgery alone in terms of IOP reduction and drug
reduction. This difference is still statistically significant
5 years after surgery,? as is the significant slowing
of glaucoma progression based on visual field
compared to cataract surgery alone.?” During the
5-year follow-up, the study also showed that the
additional implantation of the microstent with cataract
surgery did not lead to a higher endothelial cell
loss. In a non-randomized retrospective study, no
statistically significant differences were found between
Hydrus® and iStent inject® (2nd generation) in
terms of IOP reduction and number of glaucomatous
medications.?? A comparison of the two devices in
combination with cataract surgery also revealed no
significant differences.” However, other publications
show a superior IOP reduction and a more significant
reduction in the need for antiglaucoma medication

compared to the iStent inject® W.#

The complications described to date are comparable
to those of the iStent (IOP tips, hyphema, stent

occlusion) and are serious in very few cases.”

|25

Laroche et al.?® showed in a small case series of 4

patients that postoperative malpositioning of the
distal end of the stent in the anterior chamber can
occur. As the Nitinol stents have the property of
shape memory, this could lead to the stent bulging
inwards and penetrating the trabecular meshwork
with the ends in eyes with a larger diameter of the

Schlemm's canal than 12 mm.
CANALOPLASTY AB INTERNO

iTrack™ Advance, OMNI® Surgical System
Canaloplasty ab interno was developed as a
modification of canaloplasty ab externo, in which
Schlemm's canal is partially opened and widened
via an ab interno approach. Two systems are currently
commercially available: the iTrack™ advanced
microcatheter (Nova Eye Medical Limited, Kent Town,
SA, Australia) and the OMNI® Surgical System
(Sight Sciences Inc. Menlo Park, CA, USA). Both
systems are similar in application, but differ slightly
in application details.

The OMNI Surgical System consists of a handle that
ends in a curved hollow needle. The microcatheter
is firmly integrated into the system, as is a reservoir
that holds the viscoelastic. The trabecular meshwork
is first opened selectively with a hollow needle tip.
The microcatheter is then advanced into Schlemm's
canal using the advancement wheel and the canal
is mechanically dilated. In a first step, approx. 180°
of the circumference of Schlemm's canal is probed.
When the catheter is withdrawn - also via the
advancement wheel - the viscoelastic is continuously
released. The amount is approx. 11 pl. After rotating
the instrument, the remaining 180° are treated

according to the same principle.

With the iTrack™ Advance, the familiar iTrack
microcatheter is integrated into a special handpiece
that contains a mechanism that advances the
catheter by means of a slider to such an extent that
the entire 360° of Schlemm's canal can be probed in
a single surgery. When using the iTrack™ Advance,
the preparation effort is slightly higher compared to
the OMNI® system, but offers the advantage that the
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canal can be probed under visualization (light guide
up to the catheter tip) and the amount of viscoelastic

to be applied can be varied as required.

Up-to-date publications show a significant and
sustained reduction in pressure and medication when
using the iTrack system and the OMNI system. In a
first retrospective study, Gallardo et al.? compared
canaloplasty ab interno as a stand-alone procedure
(n = 41) with the combination with cataract surgery
(n = 34). The pressure-lowering effect of 32.8% was
slightly higher with the stand-alone procedure than
with the combined procedure (31.7%). In the
reduction of pressure-lowering medication, 36% of
the canaloplasty eyes were medication-free,
compared with 40% in the combined procedure.
Both differences were not statistically significant.
Comparable results are also reported by other
authors.”?® Compared to the ab externo variant,
the pressure-lowering effect and the reduction in the
amount of medication required are comparable to the
classic ab externo canaloplasty without modification.

The ab interno variant is not only less invasive and
conjunctiva-sparing, but is also characterized by a
good safety profile. Due to physiological blood
regurgitation from Schlemm's canal, microhyphema
was frequently observed as a sign of reflux bleeding.
These usually do not need to be treated with further
surgery.?830

The advantages of canaloplasty ab interno
therefore lie primarily in the shorter operating time
and less invasiveness compared to the procedure
ab externo. A combination with cataract surgery is
also very well possible and can be introduced into

the surgical routine without great effort.
TRABECULOTOMY AB INTERNO:

OMNI® Surgical System, iTrack™ Advance

With both the iTrack™ Advance and the OMNI®
Surgical System can be used to perform, a
trabeculotomy after probing Schlemm's canal. With
iTrack™ Advance, this is performed by capturing the

catheter tip with a second instrument (e.g. retinal

forceps) and pulling out the catheter. This procedure
is also known as gonioscopy-assisted transluminal
trabeculotomy (GATT). With the OMNI system, the
trabeculotomy is performed in two 180° steps, in
which the catheter is not retracted but the tip of the
cannula follows the course of Schlemm's canal and

thus opens the trabecular meshwork.

A retrospective observation with a 12-month outcome
was the ROMEO study.®' 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. 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 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+x2.4 mmHg (28%) and in
group 2 from 15.4£2.0 mmHg to 13.9£3.5 mmHg
(10%). Medications went from 1.7£1.3 to 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 are comparable and in the same range

as results reported here. 3?3

However, longer-term data is key to the decision
making in the selection of a surgical treatment. In the
GEMINI extension study®® and in the IRIS® registry
study*® showed that the effect of lowering IOP and
reducing the need of glaucoma medication lasts up
to 36 months. This applies to the combined operation
of trabeculotomy/viscodilation with cataract surgery
(GEMINI) or as a stand-alone procedure (IRIS).

Compared to pure canaloplasty ab interno,
trabeculotomy/viscodilation approximately doubled
the frequency of hemorrhages into the anterior
chamber (0.97 - 50.6% of cases). There were also

pressure peaks (0 - 22.2%) and corneal edema (0 -
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6.2%). Very rare complications were fibrinous uveitis,
iridodialysis or iris trauma, hypotony, descemetolysis,
cystoid macular edema, visual deterioration and

choroidal detachment.”
TRABECULECTOMY AB INTERNO

Trabectome®

Compared to a classic goniotomy, the Trabectome®
(Neomedix, Tustin, USA) not only incises the
trabecular meshwork, but were removed over the
and inner wall of the SC a 90°-120° range. At the
same time as the electroablation of the tissue,
irrigation is carried out via an infusion to cool and
suction off the ablated tissue. In addition to anti-
inflammatory substances, pilocarpine should be
administered for several weeks after the trabecular
application to prevent the wound gap from sticking
together and the collector channels from being
tamponaded by iris tissue.

In a retrospective, non-randomized, matched
comparison study with 39 eyes with open-angle
glaucoma in each group, a slightly lower IOP
reduction and a greater reduction in medication
was found within the first 2 years with Trabectome®
than with iStent inject® implantation. All operations
were combined with cataract surgery.? In another
retrospective comparative study by Kurij et al.®®
with 70 eyes, there were no significant differences
in IOP reduction 12 months after combined cataract
surgery with Trabectome® or first-generation
iStents. However, complications (anterior chamber
hemorrhages, pressure peaks) occurred significantly
more frequently in the Trabectome® group.
Pahlitzsch et al.*” were able to show that there were
no significant differences in IOP reduction between
the individual procedures 3 years after Trabectome®,
iStent inject® or SLT. Kono et al.** found an average
|OP reduction of 20% in 305 eyes in a retrospective
study 6 years after trabectome surgery.

In eyes with pseudoexfoliation glaucoma, 12 months
and 36 months as well as in angle closure glaucoma
with combined cataract surgery, goniosynechialysis

and trabeculectomy ab-interno up to 36 months

after surgery, good success rates in lowering IOP
and reducing antiglaucomatous mucosa can be

observed. 4143

Early IOP decompensation of trabeculectomy ab
interno with the Trabectome® occurred in about
20% of eyes. Half of them showed a spontaneous
regression, the other half were persistent. Previous
SLT and a high preoperative IOP were identified as
prognostically unfavorable initial situations.*®444 |n
addition to frequent initial reflux bleeding from the
collector channels and transient pressure peaks,
unintentional cyclodialysis can also occur in rare

cases.®

Kahook Dual Blade®

Similar to the trabectome, the Kahook Dual Blade®
(KDB; New World Medical, Rancho Cucamonga, CA)
is used to ablate the trabecular meshwork in order
to reduce trabecular outflow resistance. In contrast
to classic trabeculotomy, the trabecular meshwork
is not simply incised, but the tissue is removed with
two parallel blades after plow-like penetration into
Schlemm's canal. These are disposable instruments
which, unlike the trabectome, do not require an
additional irrigation system. A second generation,
the KDB Glide, has rounded edges at the base,
which are modeled more on the concave shape of
the back wall of Schlemm's canal in order to cause
less damage to the collector canals.*

In a retrospective study with combined cataract
surgery and KDB trabeculectomy showed a reduction
in mean baseline pressure from 20.4 mmHg to 13.9
mmHg over 24 months (n=46) and to 13.9 mmHg
after 36 months (n=16). The average number of
medications required decreased from 3.2 to 1.4 and
2.0 agents respectively over the same period.*” Long-
term observations showed an effective reduction in
IOP of approx. 28.0 % compared to the initial value
after up to 6 years with a simultaneous reduction in
the drug load by an average of 31 % and an excellent
safety profile, regardless of the phacoemulsification
status.”® Another retrospective, multicenter study
compared cataract surgery either combined with KDB

trabeculectomy or with iStent implantation (single
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stent, 1st generation). Within the first 12 months, KDB
showed a slightly lower IOP reduction and lower drop
savings than iStent (first generation).*” However, this
cannot be directly compared with the implantation
of several iStents of the newer generations. Pratte
et al.®® published that the extent of intraocular
pressure reduction after trabeculectomy with KDB
depends on the baseline pressure and the number
of antiglaucomatous agents. The higher the baseline
pressure and the more medical burden, the greater
the effect of the KDB.

In addition to, KDB goniotomy as a combined
procedure with cataract also appears to be a safe
and effective reduction of IOP and medical burden
in. 12 months after surgery, the success rate for
pseudoexfoliation glaucoma in terms of IOP reduction
appears to be slightly higher than for open-angle
glaucoma.”

Compared to the Trabectome®, slightly poorer
tracking accuracy has been described when cutting
in the trabecular meshwork, which is associated
with an increased risk of incorrect cuts.> Therefore,
in addition to the very frequently occurring
unproblematic reflux hemorrhages from the collector
canals, more serious hemorrhages from the base of
the iris can also occur.

The procedure should not be combined with the
implantation of toric IOLs, as significant changes in
corneal astigmatism may occur® and also not in
combination with a deep sclerotomy, as it can lead
to postoperative hypotension and massive anterior
chamber bleeding.>

High Frequency Deep Sclerotomy

High-frequency deep sclerotomy (HFDS) is a
procedure for high-frequency ablation of the
trabecular meshwork and the adjacent sclera. The
HFDS is served via an operating platform from Oertli
(abee® Glaucoma Tip, Oertli Instrumente AG,
Berneck, Switzerland). The procedure is well described
in Pajic et al.>® Normally, the sclera is penetrated 4
to 8 times through the trabecular meshwork and

successively through Schlemm's canal. Each time a

pocket about 0.3 mm high and 0.6 mm wide is
created.

Compared to other MIGS techniques, HFDS generally
showed a more significant initial reduction in IOP.
Published clinical data show a IOP reduction of up to
30-40% after combined surgery of phacoemulsification
with subsequent HFDS with a significant reduction in
medication up to 48 months after surgery and a low
complication rate. The most common complications
were hyphema in up to 26 % of cases and
postoperative pressure peaks in 19 % of cases. No

serious side effects have been reported to date.>*

Excimer Laser Trabeculostomy

Excimer laser trabeculostomy (ELT) (EliosVision,
MLase AG, Germering, Germany) is an invasive laser
procedure with the aim of punctual opening of the
trabecular meshwork. The wavelength varies in
comparison to the excimer laser in corneal treatment
(ELT 308 nm vs. 193 nm). The laser energy can be
guided directly to the target location via a fiber.
Ten 210 ym microperforations are shot into the
trabecular meshwork in short pulses according to
the existing treatment protocol. The first paper on
ELT was published in 1987.%°

Recent clinical results show significant reduction
IOP of between (15-40%) with significant reduction
of |OP-lowering medication of at least 1 or
medication free of 50 to 75% up to 12 months after
phacoemulsification-ELT.*"** The IOP reduction for
standalone as well as for combined surgery with
phacoemulsification in patients with open-angle
glaucoma was stable for up to 8 years.®*¢°

The complication rates were low in all publications.
Pressure spikes in 10 - 15% and hyphema in less
than 10% were the most common side effects. No

serious complications were reported.

SUPRACHOROIDALE DRAINAGE

CyPass®, iStent supra®, MINlject®
In 1905, Heine recommended partial cyclodialysis
as a promising intervention for significantly and

permanently lowering intraocular pressure.® In the
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following decades, there were numerous other ideas
for using the suprachoroidal outflow tract to lower
IOP.¢74% Around a century later, the technology
experienced a renaissance as part of the newly

emerging MIGS.

A first MIGS-device is the Cypass Microstents
(Alcon, Fort Worth, TX, USA). The suprachoroidal stent
was approved in Europe in 2008 (CE certificate) and
in the USAin 2016 (FDA approval 2016). Initial study
results showed a promising pressure reduction of
20% to 30% with a simultaneous reduction in
medication over 2-3 years.®”’" However, the
COMPASS XT follow-up study showed a significant
loss of corneal endothelial cells after 5 years with
anterior stent implantation.”> Some of ocular events
were serious such as visual impairment and/or
corneal decompensation. Shortening of the stent was
therefore recommended. At the same time, the
stent was voluntarily withdrawn from the market in
2018.

Another suprachoroidal stent, the iStent supra
(Glaukos, San Clemente, California), also showed a
pressure-lowering effect of around 30% with a
significant reduction in medication in initial clinical
studies, but has never been launched on the market
despite CE approval since 2010.73

In December 2021, another stent to improve
uveoscleral outflow was launched on the market -
the MINlject® (iStarMedical, Wavre, Belgium). The
MINlject® is implanted into the suprachoroidal space
via a special injection system after a small local
cyclodialysis has been created. Only an approx. 0.5
mm long part protrudes into the anterior chamber
to prevent damage to the endothelium. The results
to date are predominantly from approval studies and
show an average reduction in intraocular pressure
of up to 39% over 2 years with a simultaneous
reduction in medication from at least 1 medication
after 24 months. The decrease of corneal endothelial
cell count after two years is reported to be around
6%.”*"¢ There were no clinically significant differences
in IOP reduction and glaucoma medication or

glaucoma progression based on MD in the visual field

when comparing MINlject® surgery standalone and
combined MINlject® surgery with phacoemulsification
in patients with open-angle glaucoma.”” The overall
complication rate was low and usually not severe.
The most common complications in the STAR Il
clinical studies were anterior chamber irritation with
reduced visual acuity, mild visual field defects, IOP
pressure peaks, lens opacities in phakic eyes and
hyphema. It is becoming apparent that the pressure-
lowering potential in the treatment of uveoscleral

outflow is stronger than with trabecular stents.”®’®

Conclusion

Minimally Invasive Glaucoma Surgeries were
developed as safer and less traumatic surgical
procedures for patients with mild to moderate
glaucoma or intolerance to standard medical
therapy. By definition, they are characterized by an
ab interno approach that causes minimal surgical
trauma and disruption to the ocular anatomy, sparing
the conjunctiva and allowing for a quick recovery.
The variety of different procedures with comparable
pressure reduction and comparable risk profile makes
the question “Which operation for which patient?”
difficult in individual cases. The only consensus is
that MIGS procedures are more suitable for mild to
moderate glaucoma. Some important issues are
still the subject of lively debate. It has not yet been
fully clarified whether it is justified to perform the
procedures predominantly in combination with
cataract surgery or whether a standalone procedure
is preferable. The question of whether the reduction
of glaucoma medication alone is sufficient to indicate
surgical intervention is also still being discussed.’’*#'
The focus is often on details (implants vs. no implant,
alternative vs. physiological drainage, excision of
tissue vs. perforation only, limited vs. extensive
treatment area) that pay less attention to the actual
and recognized therapeutic goal - a significant
reduction in intraocular pressure - and are rather an
expression of a lack of clear differentiation. To simplify
the decision-making process, we should consider
the individual aspects of the various procedures and
derive the individual therapy from this. The intraocular

pressure to be achieved after the procedure (target

© 2025 European Society of Medicine 9
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IOP concept) is and remains the most important
decision criterion. Other aspects such as coexisting
cataract, previous operations, condition of the
conjunctiva, but also age, stage of glaucoma and
rate of progression as well as other concomitant
diseases and patient preferences should and must
be taken into account in the indication process.’

The average target IOP that can be achieved with
MIGS is generally higher than with classic filtration
surgery or subconjunctival stents. Postoperative
|OP values of 14 mmHg and less without additional
medication are rare. Table 1 compares various aspects
of the procedures discussed here. In particular, the
available Cochrane Reviews can be a valuable aid in
deciding whether and, if so, which MIGS procedure
should be chosen. The IOP-lowering potential and
the chance of freedom from glaucomatous medication
appear to be higher for the suprachoroidal than for
the trabecular outflow pathway. In the latter case,
implants with a larger treatment area (Hydrus®
Microstent) appear to be slightly more effective than
a smaller treatment area (iStent). However, this effect
can be partially offset by increasing the number of
stents.’® In contrast, resection of the trabecular
meshwork does not appear to have any advantages
over a stent in terms of pressure reduction and
freedom from medication.

In summary, it must be noted that even after more
than a decade of MIGS, the evidence regarding the
reduction of intraocular pressure and/or the reduction
of patients' medication burden is still low for many
procedures and therefore further high-quality studies
are needed to derive clear guidelines for the use of
the individual procedures. It will also need to be
clarified whether the use of antifibrotic agents in the
trabecular meshwork or in the suprachoroidal space
can improve the long-term outcome after various
MIGS procedures.®*® |t has been shown that MIGS
procedures can be combined with different
mechanisms of action and have an additive effect.”
This could lead to the development of new glaucoma
therapies, also in combination with implantable

drug-induced slow-release systems, which will be

available in the near future and enable comparable
IOP lowering to fistulating surgical procedures with
significantly reduced surgical risk.
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Table 1: Trabecular MIGS — summary of procedures

Procedure Implant material/ Procedure characteristics Main complications Follo up IOP lowering Medication reduction (only | Clin. studies (only
Stability during MRI (%) (published) (only cochrane reviews) cochrane reviews) FDA)
iStent inject® Titanium 2 stents per injector IOP peaks up to 22 7 years Very low Very low all 25
MRI-stable up to 3 T Hyphema up to 10 int. 21
Corneal edema up to 9 rand. 12
Stent occlusion up to 13
iStent inject® W Titanium 2 stents per injector, lower risk of IOP peaks up to 18 1 year no data no data all 7
MRI-stable up to 3 T device malposition than with Hyphema up to 5 (like iStent inject® (like iStent inject® expected) int. 5
iStent® inject Corneal edema up to 10 expected) rand. 3
Stent occlusion up to 6
iStent infinite® Titanium 3 stents per injector, lower risk of IOP peaks up to 6 1 year no data no data all 3
MRI-stable up to 3 T device malposition than with Hyphema up to 1 int. 3
iStent® inject rand. 2
Hydrus® Microstent - {(no implant) 90° span of Schlemm’s canal and IOP peaks up to 6 5 years Moderate Moderate all 23
trabecular meshwork Hyphema up to 6 int 19
Corneal edema up to 3 rand. 10
Stent occlusion up to 6
iTrack Advance™ - {(no implant) variable volume of viscoelastic, IOP peaks up to 22 6 years no data no data all 2
illuminated tip Hyphema up to 20 int. 2
rand. 2
GATT possible IOP peaks up to 19 2 years no data no data n/a
Hyphema up to 50
OMNI® Surgical System | - (no implant) defined volume of viscoelastic IOP peaks up to 2 3 years no data no data all 1
Hyphema up to 3 int. 7
rand. 3
GATT possible IOP peaks up to 25 3 years no data no data all 7
Hyphema up to 4 int. 4
rand. 1
Trabectome® - (no implant) Increased instrument-based effort IOP peaks up to 95 6 years Very low Very low all 5
Hyphema up to 29 int. 4
rand. 4
Kahook Dual Blade® - (no implant) Minimal single-use equipment IOP peaks up to 18 6 years comparable to iStent comparable to iStent inject® all 9
Hyphema up to 35 inject® int 8
Corneal edema up to 15 rand. 8
HFDS - (no implant) Oertli-Plattform required IOP peaks up to 19 2 years no data no data all 2
Hyphema up to 26 (like Trabectome® exp.) (like Trabectome® exp.) int. 2
rand. 1
ELT - (no implant) Increased instrument-based effort IOP peaks up to 15 8 years Moderate Moderate all 4
Hyphema up to 80 int. 3
rand. 1
MINlject Silicone Suprachoroidal outflow IOP peaks up to 50 2 years High High all 10
n/a Hyphema up to 20 (data from Cypass!) (data from Cypass!) int. 8
1

Visual impairment 30

rand.

HFDS - high-frequency deep sclerotomy, ELT - Excimer laser trabeculostomy, MRI - magnetic resonance imaging, GATT - gonioscopy-assisted transluminal trabeculotomy, int. — interventional, rand. - randomisiert
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