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A B S T R A C T

With sophisticated diagnostic modalities used in glaucoma now-a-days, the demand for more accurate
and precise intraocular pressure control is also rising. Glaucoma has seen myriad of treatment modalities
including medical, laser and surgical. This article focuses on the newer glaucoma surgeries, viz-a-viz
microinvasive glaucoma surgeries (MIGS) that has seen immense experimental and clinical research
with favourable results. MIGS works via various mechanisms, by-passing trabecular meshwork by
implanting a stent or excising the trabecular tissue, enhancing aqueous outflow through Schlemm’s canal
or suprachoroidal space, and shunting the aqueous to the subconjunctival space. In this article we describe
each of these procedures with the results on their efficacy and safety.
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1. Introduction

Glaucoma is the second leading cause of irreversible
blindness worldwide with an estimated 79.6 million people
being affected.1 Estimated prevalence in India is 11.2
million in people aged beyond 40 years of age.2,3 Timely
diagnosis and early management form the pillars for
combating this morbid and mortal disease. Controlling the
intraocular pressure (IOP) is the only modifiable risk factor.
With medical management including topical anti-glaucoma
medications (AGMs) being the first line of treatment, more
often than not surgical treatment is necessitated. Long term
use of topical AGMs carries compliance issues and an
economical burden on the patient with their own set of
side effect profile. In order to reduce the number of AGMs
usage and have a better IOP control, surgical modalities
have a more effective role. Filtering procedures being the
gold standard, glaucoma drainage devices have also been
extensively studied. These procedures albeit effective, are
invasive ones. This calls for a need for alternative modalities
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that have a better safety profile, are less invasive and are
effective. This requirement paved the path for microinvasive
glaucoma surgeries (MIGS). It is the authors’ aim to
establish a concise understanding of the procedures involved
in MIGS, the various devices used in MIGS, their associated
complications and their safety & efficacy.

2. Discussion

2.1. Why the need for MIGS?

With the poor compliance to topical ocular hypotensive
medications and the various complications of a filtering
procedure (bleb-related and otherwise), there was a need
for a mid-way modality that has the advantage of good
efficacy and non-invasiveness with a reduced dependence
on topical ocular hypotensive medications thereby cutting
down the financial burden on the patient. This was met by
microinvasive (minimally invasive) glaucoma surgeries.
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2.2. What is MIGS?

This terminology was coined by Iqbal Ike Ahmed in 2009.
It was believed to be a revolution in glaucoma surgeries.
Microinvasive glaucoma surgeries have five features.4

1. ab interno: It requires a microincisional approach
through clear cornea with a direct visualisation of the
angle structures.

2. Minimally traumatic: These procedures aim at
preserving the normal anatomy and physiology of
the anterior chamber angle. It enhances the existing
aqueous outflow and is therefore, biocompatible. It also
spares the conjunctiva for future filtration surgeries.

3. Good efficacy: Defined as ability to reduce IOP 20%
from the baseline and/or reduce usage of at least 1
AGM.

4. High safety profile: The risk of complications like
hypotony, choroidal effusions and hemorrhages seen
with other surgical procedures is less.

5. Rapid recovery: It entails quick patient recovery and
can also be combined with cataract surgery.

The mechanisms by which various MIGS devices enhance
the existing aqueous outflow are multi-fold. Figure 1 enlists
the various MIGS according to the mechanisms of action.

Fig. 1: Microinvasive glaucoma surgeries (MIGS) devices acting
by trabecular meshwork by-pass and excision (iStent, iStent inject,
hydrus microstent, trabectome, kahook dual blade)

In this review we are describing each MIGS and their
efficacy and safety profiles.

2.2.1. iStent (Glaukos, Laguna Hills, CA, USA)
It is an L-shaped, heparin-coated, titanium implant that is
implanted into the Schlemm’s canal through the trabecular
meshwork using a preloaded injector. It received its FDA
approval in 2012. It is composed of a snorkel and a body
containing a lumen. The body has three retention arches,
that safeguards its placement within the Schlemm’s canal
(Figure 2). The end of the body has a self-trephining tip
that aids its injection.5 The applicator containing iStent is
devised for right eye and left eye. The surgical technique

involves making a clear corneal incision temporally and
injecting the device in the lower nasal ACA. To obtain
a good view of ACA, the patient’s head is turned away
from the surgeon by approximately 35 degrees and the
microscope turned towards the surgeon by approximately
35 degrees, making a total of 70 degrees. Applicator is
introduced through the corneal incision, a direct goniolens
(e.g. Swan Jacob goniolens) placed onto the cornea and
the tip of iStent is introduced at a 15 degrees angle
to the meshwork to aid entry into the meshwork. The
remaining body of iStent is then introduced further under the
meshwork, into the Schlemm’s canal. Once this is achieved,
the button on the applicator is pressed which releases the
device and the snorkel is visible lying over the meshwork.
Blood reflux seen in the Schlemm’s canal seen while
injecting the device confirms its correct placement. Single
or multiple iStent can be injected based upon the required
IOP control. It can be combined with phacoemulsification;
the device being introduced after cataract surgery through
the temporal clear corneal incision.

In a multi-centred RCT conducted by the US iStent
study group, they compared IOP control in patients with
mild to moderate glaucoma undergoing phacoemulsification
alone and those undergoing phacoemulsification with iStent
trabecular meshwork by-pass stent. They randomized 240
eyes into two groups, of which 117 eyes underwent
combined procedure and 123 eyes underwent cataract
surgery alone. At 24 months follow-up, 61% patients
undergoing iStent implantation with cataract surgery
achieved an IOP of ≤21 mm Hg without any ocular
hypotensive medications as compared to 51% patients
of the control group (statistically significant). There was
no significant difference between the two groups in
terms of CDVA, visual field and pachymetry, deeming
iStent implantation a safe modality. Complications include
intraoperative stent malposition, iris touch, endothelial
touch and stent removal and replacement. Postoperatively,
stent obstruction and stent malposition were also found.6

In another study, efficacy of two iStent implanted during
standard phacoemulsification was assessed in 63 eyes with
mild to advanced glaucoma whose IOP was well-controlled
on topical medications. At 2 years follow-up, there was 10%
IOP reduction with p<0.001 and 28% eyes were not on any
topical ocular hypotensive.7

2.2.2. iStent inject (Glaukos, Laguna Hills, CA, USA)

This device is similar to iStent, also termed as the second
generation iStent. It received its FDA approval in 2018. Its
composition is similar to that of first generation iStent, but
design is different. It is a 360 µ long device with a head,
thorax and flange. The head, containing a central outlet and
4 side outlets, is inserted into the Schlemm’s canal, with
the thorax traversing the thickness of the meshwork and
flange is projecting into the ACA (Figure 2). The applicator
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contains two preloaded stents that are placed 2-3 clock hours
apart in the nasal angle. The surgical technique is similar to
that of first generation iStent.4

Fig. 2: Suprachoroidal devices (CyPass, iStent Supra) and devices
acting by shunting aqueous to the subconjunctival space (Presserflo
microstent, XEN gel implant

Samuelson et al., with the iStent inject study group
conducted an RCT where they randomized 505 eyes in a
3:1 ratio into standard phacoemulsification with iStent inject
and phacoemulsification alone. They published results at 2
years follow-up. They showed that 75.8% of treatment eyes
versus 61.9% of control eyes experienced ≥20% reduction
from baseline in unmedicated diurnal IOP (P <0.005), and
mean reduction from baseline was greater in treatment eyes
than in control eyes (P <0.001). Also, 63.2% of treatment
eyes versus 50.0% of control eyes had month 24 medication-
free diurnal IOP ≤18 mmHg.8

2.2.3. Hydrus microstent (Ivantis, Inc., Irvine, CA, USA)
This microstent is a crescent-shaped, non-luminal,
windowed Schlemm canal scaffold made of nitinol. It is
8 mm long and is implanted through the meshwork via a
1-1.5 mm incision into the Schlemm’s canal (Figure 2).
It provides an alternate route to aqueous that otherwise
faces resistance at the juxtacanalicular segment of the
TM and inner wall of Schlemm’s, and further provides an
intracanalicular scaffold for the canal, exposing outflow to
multiple collector channels.9 As a result, the Schlemm’s
canal is dilated for a span of nearly 90◦ and the trabecular
resistance is also by-passed. Hence, it is said to have
dual mechanisms of action. The device is preloaded in an
injector that has tracking wheel, which on rotating releases
the microstent into the canal.10 The landmark HORIZON
study, a multicentre RCT, released their 3 years follow-up
results. They had randomized 369 eyes with POAG and
visually significant cataract, into Hydrus microstent (HMS)
group and no microstent (NMS) group after an uneventful
phacoemulsification in a ratio of 2:1. The 3-year follow-up
results revealed a significant reduction in postoperative

topical ocular hypotensive usage from baseline compared to
the control group [0.4 ± 0.8 in the microstent group and 0.8
± 1.0 in the CS group (P < 0.001)]. 73% eyes in HMS group
compared to 48% in NMS group were medication free at
the end of 3 years (p<0.001). The cumulative probability of
incisional glaucoma surgery was also significantly lower in
the microstent group.11

The compare study, another RCT compared the efficacy
of Hydrus and two iStent implants for standalone treatment
of open-angle glaucoma. 152 eyes with OAG and a
preoperative IOP ranging between 23-39 mm Hg were
randomized equally into the two groups. At the end of 1
year, compared to the iStent group, Hydrus showed higher
rate of complete surgical success, defined as IOP ≤18
mmHg, no glaucoma medications and freedom from repeat
glaucoma surgery (p<0.001).12

2.2.4. Trabectome (NeoMedix Corporation, Tustin, CA,
USA)
Trabectome is a microelectrosurgical device (Figure 2) used
to perform trabeculectomy by an ab interno approach (AIT).
A segment of trabecular meshwork and the inner wall of the
Schlemm’s canal is stripped resulting in exposure of more
collector channels to the aqueous outflow. The Trabectome
is a single-use, disposable handpiece with the footplate
angled at 90◦, containing bipolar electrodes. The console
includes irrigation & aspiration unit and an electrocautery
generator. The hand-piece is introduced from the temporal
side to the nasal angle and the tip of the footplate is
inserted within the Schlemm’s canal. The aspiration and
cautery are activated with the help of a foot switch and
device is advanced along the TM either in clockwise or
anticlockwise fashion, stripping the meshwork and the inner
wall of Schlemm’s canal. Continuous irrigation occurs to
dissipate the heat of the cautery. Histological examination
of angles treated by Trabectome have revealed a disruption
of TM and inner wall of Schlemm’s without damage to the
surrounding structures.13 It received its FDA approval in
2004.Kaplowitz et al published a meta-analysis of ab interno
trabeculectomy using Trabectome. They defined success as
IOP ≤21 mmHg with a 20% drop from the baseline and no
requirement of a repeat surgery. They analysed the efficacy
of AIT as a standalone procedure and also in combination
with phacoemulsification. The IOP drop in AIT group was
39% (10.5±1.9 mmHg), with eyes requiring 0.99± 0.54 or
fewer topical hypotensive and a success rate of 46± 34%
at the end of two years. Phaco-AIT group showed an IOP
drop of 27% (6.24±1.98 mmHg), with eyes requiring 0.76±
0.35 or fewer topical hypotensive and a success rate of
85± 7% at the end of two years.14 Jea SY et al compared
the outcomes of trabeculectomy (with MMC) with AIT in
a retrospective, cohort study. The IOP drop was better in
cases with trabeculectomy with only 10.8% eyes requiring
subsequent surgery (compared to 43.5% in AIT eyes) and
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the success rate at 2 years was 76.1% (compared to 22.4%
in AIT eyes).15

2.2.5. Gonioscopy-assisted transluminal trabeculotomy
(GATT)

Trabeculotomy involves enhancing the aqueous outflow
through Schlemm’s canal without the formation of a bleb.
The previous techniques require an ab externo approach
that is more invasive. Grover et al. described an ab
intero approach for circumferential trabeculotomy which
is conjunctival sparing and is minimally invasive. A
suture (prolene) or a microcatheter (with an illuminating
tip, commercially available as iTrack surgical system) is
inserted via a temporal corneal incision into the Schlemm’s
canal of nasal ACA under gonioscopic visualisation. This
is further advanced using microsurgical forceps through
the canal circumferentially 360◦. The catheter tip is
then externalized through the temporal incision following
which traction is placed on the proximal aspect of
the catheter, thus creating a 360◦ trabeculotomy.16 This
technique is shown to be useful in various forms of open
angle glaucoma including secondary open angle glaucoma
(pseduexfoliative, pigmentary, uveitic, steroid-induced),
congenital glaucoma, juvenile open angle glaucoma and
also in failed trabeculectomy.17–19 GATT using prolene
suture has also shown favourable surgical outcomes.20 In
a meta-analysis of GATT performed in patients with open
angle glaucoma, the mean IOP is said to be reduced by 9.81
mmHg, with 1.68 reduction in number of medications and a
success rate of 85%.21

2.2.6. Kahook dual blade goniotomy (KDGB)

Introduced in 2015, Kahook dual blade (New World
Medical, Rancho, Cucamonga, CA) is an ab interno
goniotomy instrument specialized for mechanical excision
of TM. It has the following parts: a pointed tip (pierces the
TM), a ramp (elevates & stretches TM), dual blades (excises
a strip of TM) and a heel (prevents damage to the underlying
Schlemm’s canal) (Figure 2).22

In a study by Greenwood et al, conducted on 71
eyes with majority cases of POAG, and other glaucoma
including angle-closure, pigmentary, pseudoexfoliative, and
normal tension glaucoma, they performed KDBG and
assessed its outcomes. At 6 months, the baseline IOP
reduced significantly from 17.4 mmHg to 12.8 mmHg. They
reported the most common complication as intraoperative
blood reflux during surgery (39.4%).23 In another study, 12
months results of KDBG with cataract surgery compared
with cataract surgery alone in patients with angle closure
glaucoma showed good results in the goniotomy group in
terms of IOP control and postoperative medication usage.24

2.2.7. CyPass Microstent (Transcend Medical, Inc., Menlo
Park, CA)
CyPass is the first commercially available suprachoroidal
MIGS device that is inserted ab interno into the
suprachoroidal space using an inserter. It is a 6.35 mm
long polyamide tube with a 300µ lumen, bearing 64
fenestrations to facilitate additional lateral flow (Figure 3).
It has 3 retention rings that act as reference points and
aid in positioning the device.4 CyPass is loaded onto the
retractable guidewire of the insertion device. The implant
is then inserted into the AC through the corneal incision
and advanced towards the scleral spur under gonioscopic
visualization. The tip of the guidewire is engaged with the
iris root, and then passed into the supraciliary space, thereby
creating a small cyclodialysis cleft. The guidewire is then
advanced to complete insertion of the microstent into the
supraciliary space. After confirming that the retention rings
are engaged, the guidewire is retracted and the insertion
device withdrawn from the eye.25 The COMPASS trial
was a multicentre RCT which evaluated the 2-year safety
and efficacy of CyPass for treating mild to moderate
POAG combined with phacoemulsification. They reported
significant reduction in IOP in the stent group compared to
the non-stent group.26 The 3-year extension of COMPASS
trial, assessed the safety and effectiveness of Cypass. This
5-year results from the COMPASS XT study revealed a
significant difference in the mean endothelial cell density
between the microstent and control group. Primarily owing
to endothelial cell loss, CyPass was recalled by FDA
on October 24, 2018.27 COMPASS and COMPASS XT
together represent the longest and largest completed MIGS
trial to date.

2.2.8. XEN gel microstent (Allegran, Dublin, Ireland)
Another suprachoroidal device which establishes a
direct, permanent communication between the AC and
subconjunctival space. It is a 6 mm long, hydrophilic
collagen cylindrical implant composed of crosslinked
porcine gelatin (Figure 3). The commercially available
implant at present is XEN-45 (45 indicates the lumen
diameter in microns). It works on the Hagen- Poiseuille
principle and claims to provide 6-8 mm Hg internal pressure
resistance and hence, prevent post-operative hypotony.28

It can be implanted via both ab interno and ab externo
approach. ab interno approach of XEN gel stent was
approved by FDA in 2016. Off-label use of XEN implanted
via an ab externo approach has also been evaluated.

Grover et al evaluated the safety and efficacy of XEN
Gel microstent in 65 eyes with refractory glaucoma with
mitomycin C and found significant IOP reduction (9.1
mmHg) and reduction in ocular hypotensive use (3.5 to 1.7)
at the end of 12 months. (28) 32.3% cases required bleb
needling in this study and hypotony was observed in 24.6%
cases. Less common complications included hyphema, stent
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Fig. 3: Classification of microinvasive glaucoma surgeries (MIGS)
based on mechanisms of action

migration, stent exposure, endothelial touch, and bleb-
related complications.

Various studies have been published including utilizing
XEN as a standalone procedure in pseudophakic eyes and
combining it with phacoemulsification in phakic eyes.29

It has also been used in refractory glaucomas other
than POAG, including pseudoexfoliation glaucoma, uveitic
glaucoma, even congenital glaucoma with favourable
results.30–32

2.2.9. iStent supra
Also called the 3rd generation iStent by Glaukos, it is a
4mm long ridged, curved, suprochoroidal device composed
of polyethersulfone and titanium (Figure 3). It is available
preloaded in an injector and is inserted ab interno into the
suprachoroidal space. It has received its European CE mark
but the FDA approval is pending. Myers et al evaluated the
outcomes of 2 iStent, one iStent Supra and postoperative
prostaglandin analogues in patients with refractory OAG.33

Further studies commenting on its efficacy and safety are
still underway.

2.2.10. Preserflo microshunt
A new glaucoma drainage microtube (Figure 3) by Santen
Pharmaceutical Co. Ltd., Osaka, Japan is made of a unique
material called ‘SIBS’ (poly styrene-block-isobutylene-
block-styrene) was designed to achieve significant, long-
term IOP control in a more simple, safe and less invasive
manner. In experimental studies, SIBS has been found to be
more biocompatible and to incite less inflammation.34

The device has been approved in Europe but its approval
by the FDA is still pending. In a study by Riss et al, 45.3%
IOP reduction was achieved in 91 eyes at one year follow-
up. Complications included hypotony and hyphema, neither
of which required any surgical intervention.35

3. Conclusion

Glaucoma management has witnessed vistas of innovations
especially implantable devices aiming at a more predictable
IOP control and successful outcomes in refractory
glaucomas. Apart from the bulky glaucoma drainage
devices, the demand for a less invasive surgical technique

was met with the advent of microinvasive glaucoma
surgeries. With promising results in various glaucomatous
scenarios, the practicality of these devices should be faced,
especially in developing countries, where awareness and
diagnosis of glaucoma is still a challenge. Diagnostic
challenges aside, the availability and cost-effectiveness of
these devices needs to be taken into consideration too. Cost
comparisons of various devices have been made with long-
term ocular hypotensive medication usage. (36,37) The poor
long-term adherence to topical medications and their side
effects makes such devices a promising modality in the
management of glaucoma.
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