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Minimally Invasive
Glaucoma Surgery

CHAPTER

Shibal Bhartiya, Syril Dorairaj, Leticia Checo, Emily Dorairaj, Isabella Wagner

INTRODUCTION

After decades of stagnation in innovation, glaucoma surgery is undergoing a renaissance
with the introduction of new technologies. These novel procedures, termed minimally
invasive glaucoma surgery (MIGS), have expanded in popularity since the early 2000s
and offer the promise of improved surgical efficiency and safety compared to the “gold
standard” trabeculectomy. While some devices remain in the early stages of clinical testing,
the current literature has demonstrated a variety of MIGS procedures to achieve effective
reductions in intraocular pressure (IOP) and glaucoma medication dependence under a
favorable safety profile.®® This chapter will attempt to list what is commercially available
worldwide and discuss the possible positioning of these new methods in current glaucoma
practice.

WORKING DEFINITION OF MINIMALLY INVASIVE
GLAUCOMA SURGERY

In recent years, substantial innovation in surgical techniques for managing glaucoma has
sought to develop a‘procedure that provides IOP reduction comparable to that achieved with
traditional surgery, but with amore favorable safety profile. Generally, MIGS procedures avoid
the formation of a bleb by shunting fluid across the obstructed trabecular meshwork (TM)
into Schlemm’s canal (SC) or into the suprachoroidal space. In recognition of the bleb’s key
role in achieving significant IOP reductions, bleb-based MIGS procedures have also been
developed."®
Minimally invasive glaucoma surgery is known to be an evolving space and includes a
diverse group of “alternative” glaucoma surgeries that are intended to be safer and induce
considerably less tissue disruption than traditional procedures. The American Glaucoma
Society, in association with the Food and Drug Administration (FDA) (Figs. 1 to 3), provides
the following working definition for minimally invasive glaucoma surgery, popularly known
by the acronym MIGS:
= Intraocular pressure should be lowered by improving the outflow of eye fluid.
= The device or procedure can be approached either from inside the eye (ab interno) or from
outside the eye (ab externo).
= There should be limited surgical manipulation of the sclera and the conjunctiva.
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Fig. 1: Select minimally invasive glaucoma surgery Food and Drug Administration-approved microstent
implant options. From left to right: iStent inject, iStent infinite.

Fig. 2: Select minimally invasive glaucoma surgery Food and Drug Administration-approved ab interno
trabeculotomy/goniotomy options. From left to right: Trabectome, Kahook Dual Blade, Kahook Dual Blade
Glide, SION Surgical Instrument, iAccess Trabecular Trephine.

' CLASSIFICATION OF MINIMALLY INVASIVE GLAUCOMA SURGERY

Minimally invasive glaucoma surgery can be classified according to the anatomical outflow
pathway as well as surgical approach (Table 1):"°
s Enhanced filtration into SC strategy:
e Abinterno approach (Figs. 4A and B)

¢ Microstent implant

¢+ Trabeculotomy/goniotomy

+ Canaloplasty

¢ High-frequency deep sclerotomy
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Fig. 3: Select minimally invasive glaucoma surgery Food and Drug Administration-approved combined
procedure options. From left to right: OMNI Surgical System, OMNI Ergo-Series, STREAMLINE Surgical System.

TABLE 1: Current MIGS procedures classified by mechanism of action.
MIGS procedure Cl‘s:f:catl

Microstent implant: Watlon into SC strategy
. iStent

- iStentinject

- iStentinject W

- iStent infinite
+ Hydrus microstent

Ab interno trabeculotomy/goniotomy: V Enhanced filtration into SC strategy

« Trabectome

- Excimer laser trabeculosto

- Gonioscopy-assisted translumi abeculotomy
« Kahook Dual Blade

» Kahook Dual Blade e

« SION Surglcal Instru

. |AccessTrabe

Ab interno c Enhanced filtration into SC strategy
« iTrack M|
« iTrack Ad nce catheter

Com dure: Enhanced filtration into SC strategy
-eTREAMLIN rgical System

rgical System

Hi equency deep sclerotomy Enhanced filtration into SC strategy
ﬁ'e‘Flo microshunt Subconjunctival filtration strategy
i‘mﬁ gel stent
JPass microstent (withdrawn) Suprachoroidal filtration strategy
iStent SUPRA

MiNlject

Gold microshunt

Aquashunt

(MIGS: minimally invasive glaucoma surgery; SC: Schlemm’s canal)
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Figs. 4A and B: Ab interno approach.

=  Subconjunctival filtration strategy:
e < Ab externo approach
¢+ PreserFlo microshunt
* Ab externo or ab interno approach
¢+ XEN45 implant
= Suprachoroidal filtration strategy:
e Abinterno approach
+ CyPass microstent (withdrawn)
¢+ iStent supraimplant
+ MiINIject implant
e Ab externo approach
¢+ Gold microshunt
¢ Aquashunt
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ADVANTAGES AND DISADVANTAGES OF MINIMALLY INVASIVE
GLAUCOMA SURGERY

Apart from MIGS using the subconjunctival filtration strategy, these procedures are bleb-
independent and are less invasive than conventional glaucoma surgeries. Faster visual
rehabilitation and fewer complications result in a better quality of life for the patient
(Tables 2 and 3). Several MIGS procedures, euphemistically labeled as “cataract plus”
surgeries, have been devised to be used in conjunction with cataract surgery and have a higher
patient acceptability.

Minimally invasive glaucoma surgery typically has a relatively flat learning curve and has
proven to be efficacious in decreasing the need of the antiglaucoma medication and achieving
target IOP for most cases of early and moderate glaucomas, with a slight compromise in
efficacy when compared to traditional procedures.

TABLE 2: Intraocular pressure (IOP) outcomes of published studies for select MIGS procedures.®*

Author (year of study) % IOP reduction and % medication reduction

Trabectome alone

Minckler et al. (2005) 38% IOP reduction

Minckler et al. (2006) 41% IOP reduction

Minckler et al. (2008) 35% IOP reduction

Ting et al. (2012) 44% IOP reduction with 28% medication reduction in PXG; 34% IOP
reduction and 21% medication reduction in POAG

Ahuja et al. (2013) 35% IOP reduction

Maeda et al. (2013) 29% IOP reduction

Trabectome with CE/IOL

Francis et al. (2008) 16% IOP reduction

Minckler et al. (2008) 18% IOP reduction

Ting et al. (2012) 35% IOP reduction with 38% medication reduction in PXG; 22% IOP
reduction and 31% medication reduction in POAG

Ahuja et al. (2013) 22.8% IOP reduction

Trabectome with or without CE/IOL

Jordan et al. (2013) + 26% IOP reduction with 43% medication reduction
+ 28% IOP reduction with 45% medication reduction

iStent with CE/IOL

Fea (2010) 17.3% IOP reduction with 80% medication reduction in the stent/CE/IOL
group (9.2% IOP reduction and 31.6% medication reduction in the CE/
IOL group)

Samuelson et al. (2011) 8% IOP reduction with 87% medication reduction in the stent/CE/IOL group
(5.5% IOP reduction and 73% medication reduction in the CE/IOL group)

Craven et al. (2012) 8.6% IOP reduction with 88% medication reduction in the stent/CE/IOL group

(5.0% IOP reduction and 73% medication reduction in the CE/IOL group)
Contd...
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Contd...
Author (year of study)
Multiple iStents with CE/IOL

Fernandez-Barrientos et al.
(2010) (two iStents)

Belovay et al. (2012) (two vs.
three iStents)

Multiple iStents alone
Voskanyan et al. (2014)

Fea etal. (2014)
Klamann et al. (2015)
Sarkisian et al. (2023)
(three iStents)

Hydrus with CE/IOL
Pfeiffer et al. (2015)

Ahmed et al. (2022)

Salimi et al. (2023)
ELT alone
Babighian et al. (2010)

Toteberg-Harms et al.(2013)

% IOP reduction and % medication reduction

27% IOP reduction with 91% medication reduction in two-stent/CE/IOL
(16% IOP reduction with 42% medication reduction in CE/IOL)

20% IOP reduction with 64% medication reduction in the two-stent/CE/
IOL group versus 20% IOP reduction with 85% medication reduction in
three-stent/CE/IOL

29% IOP reduction from medicated baseline data on follow-up
medication not specified

48% IOP reduction in the two-stent group.(47% in the two-medications
group)

33% IOP reduction with 60% medication reduction in POAG (p < 0.001);
35% IOP reduction with 55% medication reduction in PXG (p < 0.001)

25% IOP reduction with 13% medication reduction

After washout: 50% IOP reduction in Hydrus/CE/IOL (28% IOP reduction
in CE/IOL)

After washout: 35% IOP reduction in Hydrus/CE/IOL (31% IOP reduction
in CE/IOL)

27% IOP reduction with 33% medication reduction

30% IOP reduction with 62% medication reduction in ELT (21% IOP
reduction and 60% medication reduction in the SLT group)

23% IOP reduction (p < 0.001) with 38.9% medication reduction (p < 0.001)

Kahook Dual Blade with or without CE/IOL

Dorairaj et al. (2019)
Dorairaj et al. (2020)

Dorairaj et al. (2020)
Barkander et al. (2023)

49% IOP reduction with 92% medication reduction: 6-month results in PACG

47% IOP reduction with 92% medication reduction: 12-month results in
PACG

47% |OP reduction with 76% medication reduction: 24-month results in PACG

38% IOP reduction with 30% medication reduction in Kahook Dual
Blade/CE/IOL group versus 40% IOP reduction with 11% medication
reduction in stand-alone Kahook Dual Blade group

iTrack Microcatheter with or without CE/IOL

Khaimi (2021)

Gallardo (2022)

1% IOP reduction with 69% medication reduction in iTrack/CE/IOL group
versus 1% IOP reduction with 36% medication reduction in stand-alone
iTrack group. Study population had low baseline IOP (14.4 mm Hg)

32% IOP reduction in iTrack/CE/IOL group versus 37% IOP reduction in
stand-alone iTrack group

Contd...
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Author (year of study)
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% IOP reduction and % medication reduction

OMNI Surgical System with CE/IOL

Gallardo et al. (2022)
Greenwood et al. (2023)

35% IOP reduction with 80% medication reduction

29% IOP reduction with 82% medication reduction

STREAMLINE Surgical System with CE/IOL

Lazcano-Gomez et al. (2022)

Lazcano-Gomez et al. (2023)

PreserFlo alone
Beckers et al. (2021)
Triolo et al. (2023)
XEN45 alone

Tan et al. (2021)

Yuan et al. (2023)

El Helwe et al. (2024)

CyPass alone
Garcia-Feijoo et al. (2015)
CyPass with CE/IOL
Hoeh et al. (2013)

MiNlject alone
Feijod et al. (2020)
Denis et al. (2022)

37% IOP reduction with 49% medication reduction

30% IOP reduction with 61% medication reduction

35% IOP reduction with 76% medication reduction

30% IOP reduction in refractory uveitic glaucoma

29% IOP reduction in ab interno group versus 40% IOP reduction in ab
externo group

49% IOP reduction in ab interno group versus 52% IOP reduction in ab
externo group

41% IOP reduction in‘ab externo open conjunctiva group versus 21%
IOP reduction in ab externo closed conjunctiva group

35% IOP reduction with 36% medication reduction

Patients with medicated baseline IOP =21 mm Hg had a 37% IOP
reduction and a 50% medication reduction. IOP-controlled patients had
a 71% medication reduction (p < 0.001)

40% IOP reduction with 63% medication reduction

41% IOP reduction with 50% medication reduction

Gold microshunt with or without CE/IOL

Tanito et al. (2017)

23% IOP reduction with 40% medication reduction

Note: This table summarizes the main IOP outcomes of each study for an MIGS device. This format is limited by the

variation in study design.

(CE: cataract extraction; ELT: excimer laser trabeculotomy; IOL: intraocular lens; MIGS: minimally invasive glaucoma
surgery; PACG: primary angle closure glaucoma; POAG: primary open-angle glaucoma; PXG: pseudoexfoliation
glaucoma; SLT: selective laser trabeculoplasty)

INDICATIONS OF MINIMALLY INVASIVE GLAUCOMA SURGERY

Patients with mild-moderate glaucoma, with:
= Primary open-angle glaucoma,

= Pseudoexfoliation glaucoma, or

= Pigmentary dispersion glaucoma.
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TABLE 3: Complications of select MIGS procedures.®*

Trabecular microbypass stent
Ab interno trabeculotomy/goniotomy

Ab interno canaloplasty

PreserFlo microshunt

XEN45 implant

CyPass microstent

MINlject

Gold microshunt

Complications
Peripheral anterior synechiae, rarely

Transient hyphema

Iridodialysis

Cyclodialysis

« I0P spike

+ Microhyphema (Fig. 5)

- Early and late IOP elevations

» Descemet membrane detachment; rarely
« Hypotony

» Wound leak/dehiscence

- Hyphema

» Hypotony

« Wound leak/dehiscence

» Hyphema/vitreous hemorrhage

» Hypotony

- Aqueous misdirection

- Failure and needing recurrent needling
+ Implant migration

- Descemet detachment
«Implant migration
+ Long-term corneal endothelial cell loss

+ |OP spike

» Reduced visual acuity

- Hyphema

» Dryeye

+ Mild hyphema

» Hypotony

Choroidal effusion, hemorrhage, or detachment
» Shunt migration

.

(IOP: intraocular pressure; MIGS: minimally invasive glaucoma surgery)

In patients with glaucoma uncontrolled with maximum pharmacologic treatment or there are
barriers preventing adequate medication dosing, MIGS may be considered if:

= Age>18years.

= Patients with clinically significant cataract, for concomitant surgery.

il CONTRAINDICATIONS OF MINIMALLY INVASIVE GLAUCOMA SURGERY

Relative contraindications which are to be evaluated for individual MIGS and on a case-by-

case basis include:
= Angle-closure glaucoma.

= Secondary glaucoma: Uveitic, neovascular.

=  Moderate-advanced glaucoma.

= Previous glaucoma surgery.
= Highly uncontrolled IOP.
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Fig. 5: Postoperative hyphema after Schlemm'’s canal-based surgery.

Other considerations include patients with previous refractive procedures as well as
monocular patients (Table 4).

REGULATION OF MINIMALLY INVASIVE GLAUCOMA SURGERY

Many MIGS devices that target the trabecular outflow pathway or subconjunctival space
have received clearance from the FDA, but MIGS devices targeting the suprachoroidal space
remain under investigation (Table 5). Since the market withdrawal of CyPass in 2018, MIGS
targeting the suprachoroidal space are yet to obtain FDA approval.

MECHANISMS OF ACTION AND SALIENT FEATURES'®°
Trabectome

The Trabectome was the first MIGS procedure indicated for ab interno trabecular
ablation and received FDA approval in 2006. It is used under gonioscopic guidance for
a controlled electroablation of an arc of TM providing aqueous direct access to collector
channels. The device simultaneously aspirates the debris, resulting in less postoperative
inflammation.

iStent Trabecular Microbypass Stent

The iStent trabecular microbypass stent is an ab interno microbypass stent which is placed
in the SC in the lower nasal quadrant (Fig. 6). It provides a channel for direct transtrabecular
aqueous outflow from anterior chamber (AC) to collector channels. Currently, the device
is indicated for use in conjunction with cataract surgery and if one stent does not produce
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TABLE 4: Indications and contraindications of select MIGS procedures.*®

Trabecular microbypass stent

Ab interno trabeculotomy/
goniotomy

Ab interno canaloplasty

PreserFlo

XEN45 implant

CyPass microstent

MiINIlject

Gold microshunt

Indications

- Early-to-moderate OAG

» Pigmentary glaucoma

- Pseudoexfoliative glaucoma,
stand-alone or in combination
with cataract surgery

+ Primary open-angle,
pigmentary, and
pseudoexfoliative glaucoma

+ OAG with a failed filtration
procedure

- Early-to-moderate OAG
» Pigmentary glaucoma
+ Pseudoexfoliative glaucoma

Refractory glaucoma

Refractory glaucoma
Mild-to-moderate primary OAG

OAG

Failed trabeculectomy or
Schlemm'’s canal procedures

Contraindications

- Presence of ocular disease such as
uveitis, ocular infection

- Patients diagnosed with angle-
closure glaucoma

Angle closure with or without
peripheral anterior synechiae*

« Scarring from prior trabeculectomy

Patients with obvious scarring

in Schlemm’s canal due to prior

medication use, laser, surgery or

corneoscleral trauma at the limbus

» Anomalies in the anterior chamber
angle

« Presence of ocular disease such as
active uveitis, ocular infection
- NVG

- Narrow-angle glaucoma
- Secondary glaucoma

- Narrow-angle glaucoma
» Secondary glaucoma

- Patients diagnosed with angle-
closure glaucoma

- Uveitic glaucoma, ICE syndrome,

traumatic glaucoma, or NVG

Patients with known

hypersensitivity to silicone

« Recent angle-closure glaucoma
episode

« Uveitic glaucoma, ICE syndrome,
traumatic glaucoma, or NVG

«+ Other significant ocular diseases,
except cataract

- Active ocular infection

- Expected ocular surgery in the next
12 months

« No suitable quadrant for implant

*May be performed successfully if the peripheral anterior synechiae can be lysed to visualize the trabecular

meshwork.

(ICE: iridocorneal endothelial; MIGS: minimally invasive glaucoma surgery; NVG: neovascular glaucoma; OAG:

open-angle glaucoma)
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TABLE 5: Regulation of MIGS.

Devices US FDA approval Europe CE mark
Enhanced filtration into SC strategy
Ab interno approach

Microstent implant

iStent® (Glaukos Corporation) 2012 2004
iStent inject® (Glaukos Corporation) 2018 2010
iStent infinite® (Glaukos Corporation) 2022 N/A
Hydrus Microstent® (Ivantis, Inc.) 2018 2011
Ab interno trabeculotomy/goniotomy

High-frequency deep sclerotomy (Oertli Instruments) N/A Yes*
Trabectome® (NeoMedix Corporation) 2004 2004
Excimer laser trabeculostomy (Elios Vision, Inc.) N/A 1998
Gonioscopy-assisted transluminal trabeculotomy N/AT N/AT
Kahook Dual Blade® (New World Medical, Inc.) 2015 2016
Kahook Dual Blade Glide® (New World Medical, Inc.) 2020 2020
SION® Surgical Instrument (Sight Sciences, Inc.) 2022 N/A
Ab interno canaloplasty

iTrack Microcatheter (Nova Eye Medical) 2008 2008
iTrack™ Advance Microcatheter (Nova Eye Medical) 2023 2023
Combined procedure

STREAMLINE™ Surgical System (New World Medical, Inc.) 2021 N/A
OMNI® Surgical System (Sight Sciences, Inc.) 2017 2017
Subconjunctival filtration strategy

Ab externo approach

PreserFlo® microshunt (Santen Inc.) N/A 2012
Ab interno/externo approach

XEN45°® gel stent (Allergan Inc.) 2016 2015

Suprachoroidal filtration strategy
Ab interno approach

CyPass® microstent (Alcon, Inc.) Withdrawn
iStent SUPRA® (Glaukos Corporation) N/A 2010
MINlject™ (iSTAR Medical) N/A 2021
Ab externo approach

SOLX® Gold microshunt (SOLX, Inc.) N/A 2005
Aquashunt (OPKO Health Inc.) N/A N/A

*Date could not be found.

"Not device dependent.

(CE: cataract extraction; FDA: Food and Drug Administration; MIGS: minimally invasive glaucoma surgery;
SC: Schlemm’s canal)
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Fig. 6: iStent in Schlemm'’s canal.

the desired outcome, the iStent is titratable. The second-generation iStent, termed the iStent
Inject, comes preloaded with two stents, which can be inserted a few clock hours apart in
the same procedure. In trials, this device has maintained the safety and efficacy profile of
the first-generation iStent. The iStent infinite is comprised of three preloaded stents and has
demonstrated excellent safety and IOP-lowering efficacy in patients with uncontrolled open-
angle glaucoma.”’

Hydrus Microstent

The Hydrus Microstent is an SC scaffolding device that aims to restore the conventional
outflow into the SC; avoiding the risk of hypotony because of the resistance encountered by
the physiological episcleral venous pressure. The 8-mm stent is made from a highly flexible
biocompatible alloy of nickel and titanium (Nitinol) and resides in the lumen of SC without
obstructing collector channel ostia located along the posterior wall.

Excimer'Laser Trabeculostomy

Excimer laser trabeculostomy (ELT) is a form of ab interno trabeculotomy that precisely
ablates the TM without causing thermal injury to or scarring of the surrounding tissue.'”
This procedure uses an XeCl (308-nm) excimer laser coupled to an intraocular fiber optic
delivery system to create long-term anatomic openings that connect the AC directly to SC.
The photoablative conversion of TM tissue into gas enables pneumatic canaloplasty.

Kahook Dual Blade

The Kahook Dual Blade (KDB) is a surgical knife designed to facilitate goniotomy. The KDB
device has a sharp distal tip that pierces the TM and enters SC. As the instrument is advanced
along the trajectory of SC, the TM is elevated on the instrument’s ramp and guided onto
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