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Glaucoma, a chronic progressive optic neuropathy, is the second leading cause of irreversible blindness world-wide. The only
treatable risk factor till date is lowering of intra-ocular pressure (IOP), thus, being the mainstay of treatment. Constant search
for alternative surgical means for effective, sustainable reduction of IOP with higher safety profile, an ab- interno approach
causing minimal trauma to ocular tissues, faster recovery with minimum impact on quality of life has led to a new class of
procedures named Minimally Invasive/ Micro-invasive Glaucoma Surgery (MIGS). MIGS can act by bypassing any obstruction
at the trabecular meshwork (iStent, Hydrus micro-stent, Trabectome, Kahook dual blade goniotomy), by enhancing aqueous
Abstract outflow through Schlemm’s canal (Ab interno Canaloplasty) or through the supra-choroidal space (iStent supra). They can also
act through shunting aqueous outflow into the sub-conjunctival space (XEN gel implant) or by reducing aqueous production
by ciliary body ablation (endo-cyclo-photocoagulation). The revolutionary MIGS comprising several different procedures and
devices can be staggering for the glaucoma specialists. The aim of the present review is to provide an understanding of the
currently available classes of MIGS encompassing the design, safety and efficacy profile to help the ophthalmologists to tailor
the surgical approaches for greater individual care.
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1.

Introduction

Glaucoma, a multifactorial disease, is one of the
leading causes of irreversible but preventable blindness
worldwide.1 Thus, early diagnosis and prompt treatment
is of prime importance. It is a chronic optic neuropathy
with characteristic structural damage to the optic nerve
and associated visual field loss. The number of people with
glaucoma worldwide is expected to rise from 64 million to
76 million in 2020 and 111 million in 2040, with Africa and
Asia being affected more heavily than the rest of the world.2,3
At present, the only alterable risk factor for glaucoma is the
intra-ocular pressure (IOP).4 Hence, lowering IOP forms the
mainstay of treatment to date.

2.
3.
4.
5.

Classification of MIGS
The four main approaches of reducing IOP by MIGS include1. Increasing outflow across the trabecular meshwork
(TM) and through Schlemm’s canal (SC).
2. Enhancing uveo-scleral outflow through suprachoroidal space.
3. Shunting aqueous into the sub-conjunctival space.
4. Decreasing aqueous production by ablation of the
ciliary processes.

Topical medications have proven record of efficacy as
the primary means to lower pressure but on long term
application have compliance and cost issues along with side
effect profile.5 Laser treatment has also shown promising
results but are marred with response rate and attrition.6 The
surgical treatment including trabeculectomy (gold standard)
and glaucoma drainage devices are quite efficacious but
associated with high rate of complications and usually
reserved for advanced cases.7 There is ceaseless search for
a safer and more effective alternatives. The term MIGS,
for minimally invasive / microinvasive glaucoma surgery,
coined by Dr. Iqbal Ike Ahmed in the year 20098 promises to
fill in the gap between this therapeutic regime.

A). Trabecular meshwork bypass
Mechanism of action : Juxta-canalicular Trabecular
Meshwork has been traditionally identified as the site
of greatest resistance to aqueous outflow.11 This class of
MIGS aims to remove (by ablation and excision) or bypass
(through stents) the afore-mentioned tissue, allowing more
direct access to aqueous humor from anterior chamber into
Schlemm’s canal.
Indications :
Mild to moderate primary open-angle glaucoma,
pigmentary glaucoma, pseudo-exfoliation glaucoma, ocular
hypertension with modest IOP target of 15-16 mm Hg

MIGS definition
Currently, there is no universal or widely acknowledged
definition of MIGS. According to the workshop of the
American Glaucoma Society and US Food and Drug
Administration (FDA) held in February 2014, MIGS was
characterized by the “implantation of a surgical device
intended to lower IOP via an outflow mechanism with
either an ab interno or ab externo approach, associated with
very little or no scleral dissection”.9 According to Saheb
and Ahmed10, the term MIGS refers to a group of surgical
procedures which share five preferable qualities namely-
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An ab interno approach through a clear corneal
incision which spares the conjunctiva of incision.
Minimal disruption of normal anatomy.
An IOP lowering efficacy that justifies the approach.
High safety profile avoiding serious complications
compared to other glaucoma surgeries.
Rapid recovery with minimal impact on the patient’s
quality of life.

Contra-indications :
1. Eyes with primary or secondary angle closure
glaucoma.
2. Eyes with active neo-vascularization.
3. Eyes with hazy cornea and angle dysgenesis
4. Patients with elevated episcleral venous syndrome
such as retrobulbar tumor, thyroid eye disease, SturgeWeber syndrome.
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Chart 1 : Trabecular meshwork bypass

in IOP and medication burden.Studies with iStent standalone procedure have shown 23-27% 21,22 decrease whereas
multiple iStent placement showed 40-44% decrease in IOP
with 59% patients were off all medications at 1 year.23,24

Adverse effects :
Clinical trials and case series have consistently reported
minimal adverse effects post implantation, that resolved
spontaneously most of the times. The most common
complications included hyphema (due to blood reflux
from Schlemm’s canal), stent malposition or temporary
obstruction, focal peripheral synechiae, transient increase in
IOP.12,13,14,15,16,17

2.iStent inject (Glaukos, Laguna Hills, CA) : This is the
second-generation TM bypass stent which received FDA
approval in 2018.

This group is sub-divided intoa). Trabecular meshwork bypass by stent placement1. iStent (Glaukos, Laguna Hills, CA) : First and the tiniest

Figure 2 : istent inject micro- stent

Design : It is the smallest medical implant approved for
use in the human body during surgical procedures. It is
a heparin-coated, non-ferromagnetic titanium stent, 360
microns in height by 230 microns in diameter with a central
lumen of 80 microns. Each stent consists of a tapered head
that resides in Schlemm’s canal, thorax that straddles the TM
and a flange that inhabits the anterior chamber (AC). iStent
inject stents are delivered via ab interno approach under
gonioscopic visualization. The single use injector (G2-M-IS
injector system) comes pre-loaded with two stents, which
are to be placed nasally into the TM and Schlemm’ s canal
with 30-60 degrees apart.

Figure 1 : istent micro- stent

MIGS to receive FDA approval in 2012.
Design: The device is heparin -coated, non-ferromagnetic
titanium stent with a ridged snorkel design. It measures 1
mm x 0.3 mm while the snorkel is 0.25mm in height with a
central lumen of 120 microns which projects into the anterior
chamber. The body of the device contains three retention
arches to ensure its proper positioning into Schlemm’s
canal in the nasal angle.18 It is implanted with the use of a
disposable pre-loaded inserter by an ab interno, clear corneal
approach under gonioscopic visualization.

Efficacy : Various prospective studies such as the ones
done by Arriola-Villalobos, Voksanyan, and Fea et al have
shown IOP reduction of 35-39% with improved medication
burden following iStent inject, where 65-75% subjects were
completely off medication at 1 year.25,26,27 Another study
showed that implantation of 2 iStent injects is comparable
to treatment with two agents (latanoprost and timolol) in
reducing IOP at 1 year.

Efficacy : Innumerable studies have been done since 2008
comparing effectiveness of phacoemulsification alone
to phacoemulsification with iStent placement. iStent
implantation resulted in an IOP reduction of more than 20%
(around 25%) in 70% of the patients in most of the studies
with significant decrease in the number of medications used
at 1 year.19,20 The iStent study Group showed that the iStent’s
efficacy was modest but allowed a prolonged reduction
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Figure 3 : Hydrus micro- stent

Figure 4 : Kahook Dual Blade

smooth advancement, ramp of the blade generates gentle
stretch whereas the dual blade creates parallel incisions of
trabecular meshwork. This causes near complete removal
of trabecular meshwork with negligible surrounding
tissue damage and less fibrosis over time enhancing long
term outcome.32 It is done via ab interno approach under
gonioscope visualization.

3. Hydrus (Ivantis Inc, Irvine, CA, USA) : It received FDA
approval in August 2018.
Design : The crescent shaped micro-stent is 8 mm in length
and 290 microns in diameter, with three windows and an
inlet that resides in the anterior chamber. It is made up of
nitinol (biocompatible titanium and nickel alloy) that is
super-flexible with a shape memory. It is implanted in the
nasal or the inferior temporal quadrant with a pre-loaded
injector via clear corneal approach. The micro-stent has
intracanalicular scaffold that occupies 3 clock hours of
Schlemm’s canal but does not block collector channel ostia
in the posterior portion of the canal.

Efficacy : Several studies have reported that 58- 70% of eyes
achieved IOP reduction of more than 20% and reduction in at
least 1 medication with KDB at 1 year follow-up.33,34,35,36 KDB
has also shown better results compared with Trabectome and
iStent.37,38 Particular success has been seen in patients with
secondary open angle glaucoma such as pseudo-exfoliation
glaucoma and pigmentary glaucoma owing to the removal
of extracellular and pigments along with TM.39 In recent
studies, KDB has also been used in congenital glaucoma40
as well as advanced and refractory glaucoma showing more
than 20% decrease in IOP in 57.7% of cases.41

Hydrus works on the trimodal mechanism – allowing
aqueous humor to bypass the trabecular meshwork
dilating Schlemm’s canal 4-5 times the natural width
countering the collapse of the canal induced by
increased IOP.28
Enabling outflow through more collector channels.

2.Trabectome (NeoMedix Corporation, Tustin, CA): It was
invented by George Baerveldt, Irvine and Roy S Chuck
42
and received FDA approval in April 2004 for microsurgical
management of adult and pediatric glaucoma.

Efficacy : Umpteen studies have evaluated the efficacy and
safety of Hydrus with concurrent cataract extraction and
phaco-emulsification alone. The Hydrus I and II study (more
than 20% reduction in IOP seen in 80% of patients with 73%
being medication free at 24 months),29 HORIZON study (at
24 months post -surgery 77.3% of eyes experienced at least
20% reduction in IOP with significantly greater reduction
in hypotensive eye drops)30 to name few. The COMPARE
study, comparing Hydrus with iStent showed better efficacy
of Hydrus (at 12 months, 39.7% eyes showed more than 20%
decrease in IOP from washed out baseline versus 13.3% in
iStent group, 46.6% patients were medication free vs 24.0%
in iStent group).31

Figure 5 : Trabectome

Design : The system consists of a disposable 19.5 gauze
handpiece, console with automated irrigation and aspiration
and an electrocautery generator with foot pedal to control
progressive steps of irrigation, aspiration and ablation. The
handpiece has a ramping foot plate to slightly lift and stretch
TM and protects adjacent tissue from thermal damage. Tip
of the handpiece has a bipolar 550 KHz electrode which
generates plasma that ionizes and ablates TM to create
an opening from AC into Schlemm’s canal and collector
channels. Constant infusion maintains AC whereas tissue

b). Trabecular meshwork bypass by tissue excision
(trabeculotomy):
1. Kahook Dual Blade Goniotomy (New World Medical,
Rancho Cucamonga, CA) : Introduced in US in 2015.
Design : Stainless steel disposable, dual blade with a sharp
tip designed with taper for smooth entry through trabecular
meshwork. The heel fits easily within Schlemm’s canal for
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debris is removed by aspiration.43
Efficacy : An average IOP decrease by 18-40% has been
documented with up to 40% fewer medications at 2 years.44,45
Trabectome is also effective in narrow angle glaucoma.46
failed trabeculectomy47 tube shunts48 and refractory
glaucoma49 though with comparatively lesser success rate.
3.Eximer Laser Trabeculostomy (ELT) : Conceived by Dr
Berlin in 1987,50 ELT was first used clinically by Dr Vogel
and Lauritzen in 199751 and obtained European CE approval
in 2014.
Design : It is performed with a short pulsed (80 ns) 308 nm
Xenon-Chloride excimer laser applied directly to the TM by
means of a fiber-optic delivery system. The pulse energy
available is 1.2 mJ at the fiber tip, the laser pulse duration
is between 10 to 60 ns and the repetition rate is 20 Hz.52 The
photo-ablative energy precisely removes the tissue which
obstructs the aqueous outflow with minimal thermal damage
to adjacent tissues. Usually, 10 microchannels are created
over 90 degrees, 500 microns apart. It enables ‘pneumatic
canaloplasty’ that dilate Schlemm’s canal and collector
channels.53 ELT is an ab interno procedure performed under
direct visualization of gonioscope or endoscope.

Figure 6 : Gonioscopy Assisted Transluminal Trabeculotomy (GATT)

atraumatic bulbous tip and a greasy coating for easier
passage, fiber optic that enables illumination of the tip
to monitor and a visco-injector. The aqueous outflow is
enhanced through cannulation of Schlemm's canal with the
microcatheter, which is then withdrawn as an ophthalmic
visco-surgical device is injected to visco-dilate all potential
sites of outflow resistance such as Schlemm's canal and the
proximal collector channels. It has been postulated that
visco-dilation may also create micro-perforations within the
TM to help in aqueous outflow.
Efficacy : According to the myriad of studies, the average
IOP decrease reported is 30-40% at 12 months with at least 2
fewer glaucoma medications.63,64,65

Efficacy : The studies done have shown moderate IOP
lowering, between 20 and 40% reduction from baseline with
mostly decrease in 1 glaucoma medication having minimal
complications.54,55 ELT fared better than SLT.56
4.Gonioscopy Assisted Transluminal Trabeculotomy
(GATT) : First described by Grover et al in 2014.57
Design : The system consists of microsurgical forceps and
iTrack microcatheter with a 200-micron diameter shaft with
a lubricating coating and an illuminated distal tip, which
can be constantly or intermittently illuminated to monitor
catheter location. An ab interno procedure under gonioscopic
visualization, the microcatheter or suture (typically 5-0 or
6-0 nylon or prolene) is passed through a 1-2 clock hour
goniotomy in the nasal quadrant into the Schlemm's canal
then advanced for 360 degrees with the help of microforceps.58 It is then pulled centrally, applying traction to lyse
through the TM thus creating a 360-degree trabeculotomy.

Chart 2: Suprachoroidal shunts

Efficacy : GATT surgeries have shown to be similar in
effectiveness as ab externo trabeculotomies with overall
success in 68-90% of patients.59 The average IOP decrease is 3040% with decrease in medication used. Grover et al reported
preliminary results of GATT for treating primary congenital
glaucoma and juvenile OAG.60 There are studies showing
GATT to be a viable treatment option for the treatment of
refractory glaucoma61 and in post trabeculectomy.62 Due to
the nature of the procedure, it is contra- indicated in people
who require anticoagulation, or have bleeding diatheses.
5.Ab Intero Canaloplasty (AbiC) : This MIGS procedure is
done using the iTrack microcatheter system (Ellex iScience,
Fermont, CA) which has 250 microns microcatheter with
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approach under gonioscopic guidance.
Efficacy : In different studies, iStent supra was effective along
with Travoprost eye-drops in reducing more that 20% IOP
with reduction in 1 medication in advanced glaucoma.69,70
To gain FDA approval, Glaukos has completed enrollment
(February 2017) for a prospective RCT including 505 subjects

Figure 8 : iStent Supra

B). Suprachoroidal shunts :
Mechanism Of Action : supraciliary shunts direct aqueous
outflow in a controlled fashion to suprachoroidal space
essentially increasing physiological uveoscleral pathway. It
creates a permanent conduit between anterior chamber and
supraciliary space.
Adverse Effects : Transient increase in IOP/ post-operative
inflammation/ early hypotony, hyphema, peripheral anterior
synechiae and partial obstruction of the stent were the few
complications reported.66,67

Figure 10 : iSent Supra Micro By pass

with moderate to mild primary OAG and cataract.
C). Subconjunctival filtration : This category includes XEN
gel stent.
Mechanism of action : Subconjunctival MIGS procedure
bypass internal drainage systems and allow aqueous to
drain into the sub- conjunctival space. They are bleb forming
procedure, like trabeculectomy, the archetype surgery.
Indications- They are approved for use in the treatment
of moderate- advance primary and secondary open angle
glaucoma
Refractory glaucoma in whom maximal medical therapy is
not sufficient or are post failed glaucoma surgery.
It can be performed in phakic or pseudophakic patients.

1.Cypass- Received FDA : approved in 2016.
Design : It is a flexible, fenestrated micro-stent sized 6.35
mm x 510 microns with a 300 microns lumen and composed
of biocompatible, polyimide material. It comes preloaded on
a retractable guide- wire conformed to the shape of the sclera
to facilitate dissection and insertion between the anterior
chamber/sclera and suprachoroidal space.
Efficacy : It was voluntarily withdrawn from the global
market by Alcon on August 28, 2018 owing to the COMPASSXT study, evaluating the long-term safety of the CyPass
Micro-stent, that showed a statistically significant increase
in endothelial cell loss in the CyPass group after 5 years of

Contra-indications : Angle closure glaucoma
Patients with conjunctival scarring, active inflammation
Active neovascularization, silicon oil or vitreous in AC.
1.Xen gel stent (Allergan, Dublin, Ireland) : Received FDA
approval in 2016.
Design : Hydrophilic tube, composed of porcein derived
gelatin cross- linked with glutaraldehyde. It is relatively
straight and rigid when dry, flexible, and soft when
hydrated. It is 6mm in length and is of three types XEN
140, XEN 63, XEN 45 based on the varying lumen size. The
XEN 45 currently approved by FDA has inner lumen of

Figure 9 : Cypass- Micro Stent

follow up.68
2. iStent Supra (Glaukos Corporation) : This third generation
of iStent, received European CE mark in 2010.
Design : The device is a heparin-coated, 4 mm curved tube
with a 0.16 - 0.17 mm lumen, made of biocompatible polyethersulfone (PES) with a titanium sleeve and retention
ridges to hold it in place. The iStent Supra is guide mounted,
which is used to direct the device between the anterior
chamber/sclera and suprachoroidal space via an ab interno
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Figure 11 : Xen gel
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45 and outer diameter of 150 microns. The design of XEN
with a very small lumen versus its length leads to outflow
resistance according to Hagen- Poiseuille equation of fluid
dynamics, also eliminating risk of hypotony.71

Performed for mild- moderate-severe glaucoma in
conjunction with cataract extraction with the advantage of
being conjunctival sparing.
Refractory open angle, angle closure glaucoma or especially
in plateau iris

It is pre-loaded on a disposable 27 gauze injector system,
inserted into anterior chamber via an ab interno approach,
usually in the supero-nasal / superior quadrant and tunneled
through sclera to deploy the device into the sub- conjunctival
space. After implantation, the stent creates a filtering bleb. It
can be augmented with Mitomycin -C to reduce bleb fibrosis.

Paediatric glaucoma
Neovascular glaucoma
Contraindications
Active inflammation
Caution should be taken in phakic cases as ECP can lead to
zonular damage or cataract progression.

Adverse effects include- exposure of the stent through a
gape in conjunctiva, stent migration into anterior- chamber,
or fragmentation of stent.

ECP : It was developed by Martin Uram in 1992.77
Device : It is implemented using a probe attached to a
laser unit (Endo Optiks, Little silver, NJ) which integrates
a Diode laser. Pulsed continuous wave energy is emitted at
810 nm, using 175 W variable xenon light source, a heliumneon laser aiming beam and video camera imaging. The
fiber-optics within the probe transmits all the elements. The
probes are available in 19,20 or 23 gauze sizes with a field of
view ranging from 70- 140 degrees. The probe tips are either
straight or curved and inserted via clear corneal approach.
The connected video monitor provides for endoscopic
viewing and a foot pedal allows for surgeon control of the
laser. Laser setting start at 0.2-0.25 Watts, continuous cycle
and power is titrated to achieve blanching and contraction
of ciliary processes. Typically, treatment consists of 200-300
degree of the angle.

There may also be obstruction of the stent with blood, lens
fragments or visco-elastics that may require bleb needling.
Transient hyphema and hypotony have also been reported
that usually did not require any intervention.
Efficacy : Based on the studies done, XEN showed promising
results with 29-41 % decrease in average IOP72,73 with almost
45% patients being medication free. Post- operatively, bleb
-needling was required in 30-40% of patients.74
D). Decreasing aqueous production by ciliary body ablation:
This approach is employed in endo-cytophotocoagulation
(ECP).
Mechanism of action : lowers the production of aqueous
humor by ablating the ciliary processes (site of aqueous
humor production) thereby reducing IOP. It causes localized
shrinkage of ciliary processes with temporary occlusive
vasculopathy.75 Direct visualization of the ciliary processes
permits a more targeted approach with nominal collateral
damage.

For most refractory cases, ECP Plus can be performed.
It is doing ECP but extending the treatment 1-2 mm onto
pars-plana for more aggressive IOP lowering effect. This
requires pars plana approach and is preceded by pars plana
vitrectomy.
Adverse effects: IOP spikes, hyphema, increased
postoperative inflammation, intra-ocular lens dislocation,
cystoid macular edema, posterior and anterior synechiae,
posterior capsular opacification, ciliary block glaucoma,
choroidal detachment/ hemorrhage, retinal detachment
were the complications reported by ECP Collaborative
Study group.78 Severe complications mostly occurred in eyes
with neovascular glaucoma.

Indications :
Unlike cyclophotocoagulation, ECP is no longer reserved for
end stage cases.76

Efficacy: ECP has shown favorable results in the various
studies conducted so far. ECP alone reduced average IOP to
34% with reduction in 1 medication.79 When used after tube
shunt surgery, ECP has been shown to be safe and effective.80
ECP combined with phacoemulsification showed success
(IOP reduction of more than 20%) in 56% of patients.81
Success rate of 43% was noted in pediatric patients.82
To conclude
MIGS: is a relatively new category of procedures showing
by and large acceptable safety profiles and humble efficacy.
While MIGS surgeries currently appear unlikely to replace
traditional incisional glaucoma surgeries, they do fill an

Figure 12: Endo-Cytophotocoagulation (ECP).
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important void between the medical therapy and surgery for
mild to moderate glaucoma and can often lower medication
burden. As the horizon of MIGS is expanding, more studies
with larger study group and extended follow-up is required
to increase our understanding.

18.

References

20.

1.
2.

3.
4.

5.
6.
7.

8.
9.

10.
11.
12.

13.

14.

15.

16.

17.

19.

Leske MC. Open-angle glaucoma - an epidemiologic overview.
Ophthalmic Epidemiol 2007;14(4):166–72.
Tham YC, Li X, Wong TY, Quigley HA, Aung T, Cheng CY.
Global prevalence of glaucoma and projections of glaucoma
burden through 2040: a systematic review and meta-analysis.
Ophthalmology 2014;121(11):2081-2090.
Quigley HA, Broman AT. The number of people with glaucoma
worldwide in 2010 and 2020. Br J Ophthalmol 2006;90(3):262267.
Sommer A, Tielsch JM, Katz Jet al. Relationship between intraocular pressure and primary open angle glaucoma among white
and black Americans: the Baltimore eye survey. Archives of
Ophthalmology 1991;109(8):1090-1095.
Erb C, Gast U, Schremmer D. German register for glaucoma
patients with dry eye. I. Basic outcome with respect to dry eye.
Graefes Arch Clin Exp Ophthalmol 2008;246(11):1593–1601
Leahy KE, White AJ. Selective laser trabeculoplasty: current
perspectives. Clin Ophthalmol 2015;9:833-841
Gedde SJ, Schiffman JC, Feuer WJ, Herndon LW, Brandt JD,
Budenz DL. Tube Versus Trabeculectomy Study Group Threeyear follow-up of the tube versus trabeculectomy study. Am J
Ophthalmol 2009;148(5):670–684.
Saheb H, Shareef S, Ahmed II. How would we define
microinvasive glaucoma surgery? Expert Rev Ophthalmol
2013;8(3): 217-219.
Caprioli J, Kim JH, Friedman DS, et al. Special commentary:
supporting innovation for safe and effective minimally invasive
glaucoma surgery: Summary of a Joint Meeting of the American
Glaucoma Society and the Food and Drug Administration,
Washington, DC, February 26, 2014. Ophthalmology
2015;122(9):1795–1801.
Saheb H, Ahmed II. Micro-invasive glaucoma surgery: current
perspectives and future directions. Curr Opin Ophthalmol
2012;23(2):96–104.
Johnson M. ‘What controls aqueous humour outflow resistance?’.
Exp Eye Res 2006; 82:545–557
Hunter KS, Fjield T, Heitzmann H, Shandas R, Kahook MY.
Characterization of micro-invasive trabecular bypass stents
by ex vivo perfusion and computational flow modeling. Clin
Ophthalmol 2014; 8:499–506.
Bahler CK, Hann CR, Fjield T, Haffner D, Heitzmann H, Fautsch
MP. Second-generation trabecular meshwork bypass stent
(iStent inject) increases outflow facility in cultured human
anterior segments. Am J Ophthalmol 2012;153(6):1206–1213.
Fea AM. Phacoemulsification versus phacoemulsification
with micro-bypass stent implantation in primary open-angle
glaucoma: randomized double-masked clinical trial. J Cataract
Refract Surg 2010; 36:407–412.
Samuelson TW, Katz LF, Wells JM, Duh YJ, Giamporcaro JE. US
iStent Study Group: Randomized evaluation of the trabecular
micro-bypass stent with phacoemulsification in patients with
glaucoma and cataract. Ophthalmology 2011;118:459–467.
Craven ER, Katz LJ, Wells JM, Giamporcaro JE. iStent Study
Group. Cataract surgery with trabecular micro-bypass stent
implantation in patients with mild-to-moderate open-angle
glaucoma and cataract: two-year follow-up. J Cataract Refract
Surg 2012; 38:1339–1345.
Pfeiffer N, Garcia-Feijoo J, Martinez-de-la-Casa JM, et al.
A randomized trial of a Schlemm’s canal microstent with
phacoemulsification for reducing intraocular pressure in openangle glaucoma. Ophthalmology 2015;122:1283–1293

E-ISSN: 2454-2784

P-ISSN: 0972-0200

21.
22.
23.

24.

25.

26.

27.

28.
29.

30.

31.

32.

33.
34.

35.

32

Brian A. Francis, Kuldev Singh, Shan C. Lin, et al. Novel
Glaucoma Procedures: A Report by the American Academy of
Ophthalmology. Ophthalmology 2011;118(7):1466-1480.
Spiegel D, Wetzel W, Neuhann T et al. Coexistent primary openangle glaucoma and cataract: interim analysis of a trabecular
micro-bypass stent and concurrent cataract surgery. European
Journal of Ophthalmology 2009;19(3):393–399.
Spiegel D, García-F, García-S, Lamielle H. Coexistent primary
open-angle glaucoma and cataract: preliminary analysis of
treatment by cataract surgery and the iStent trabecular microbypass stent. Advances in Therapy 2008;25(5):453–464.
Buchacra O, Duch S, Milla E, Stirbu O. One-year analysis of the
istent trabecular microbypass in secondary glaucoma. Clinical
Ophthalmology 2011;5(1):321–326.
Spiegel D, Wetzel W, Haffner DS, Hill RA.Initial clinical
experience with the trabecular micro-bypass stent in patients
with glaucoma. Advances in Therapy 2007;24(1)161–170.
Ahmed II, Katz LJ, Chang DF et al. Prospective evaluation of
microinvasive glaucoma surgery with trabecular microbypass
stents and prostaglandin in open-angle glaucoma. Journal of
Cataract and Refractive Surgery 2014;40(8):1295–1300.
Belovay GW, Naqi A, Chan BJ, Rateb M, Ahmed II. Using
multiple trabecular micro-bypass stents in cataract patients to
treat open-angle glaucoma. Journal of Cataract and Refractive
Surgery 2012; 38(11):1911–1917.
Arriola-Villalobos P, Martínez JM, Díaz-Valle et al. Mid-term
evaluation of the new Glaukos iStent with phacoemulsification
in coexistent open-angle glaucoma or ocular hypertension and
cataract. British Journal of Ophthalmology 2013;97(10):1250–
1255.
Voskanyan L, García-Feijoó J, Belda JI, Fea A, Jünemann A,
Baudouin C. Prospective, unmasked evaluation of the iStent®
Inject system for open-angle glaucoma: synergy trial. Advances
in Therapy 2014;31(2):189–201.
Fea AM, Belda JI, Rekas M et al.Prospective unmasked
randomized evaluation of the iStent inject® versus two ocular
hypotensive agents in patients with primary open-angle
glaucoma. Clinical Ophthalmology 2014;8: 875–882.
Johnstone MA, Grant WG. Pressure-dependent changes in
structures of the aqueous outflow system of human and monkey
eyes. Am J Ophthalmol 1973;75:365–383.
Pfeiffer N, Garcia-Feijoo J, Martinez-de-la-Casa JM, et al.
A randomized trial of a Schlemm’s canal microstent with
phacoemulsification for reducing intraocular pressure in openangle glaucoma. Ophthalmology 2015;122:1283–1293
Samuelson TW, Chang DF, Marquis R, Flowers B, Lim KS,
Ahmed IIK, et al. A Schlemm canal microstent for intraocular
pressure reduction in primary open-angle glaucoma and
cataract: the HORIZON study. Ophthalmology 2019;126(1):29–
37
Ahmed IIK, Fea A, Au L, Ang RE, Harasymowycz P, Jampel H,
et al. A prospective randomized trial comparing Hydrus and
iStent micro-invasive glaucoma glaucoma surgery implants for
standalone treatment of open-angle glaucoma: The COMPARE
Study. Ophthalmology 2020;127(1):52-61.
Seibold L. K., Soohoo J. R., Ammar D. A., Kahook M. Y.
Preclinical investigation of ab interno trabeculectomy using a
novel dual-blade device. American Journal of Ophthalmology
2013;155(3):524–529.
Greenwood M, Seibold L, Radcliffe N, Dorairaj S, Aref A, RomanJ
et al. Goniotomy with a single-use dual blade: Short term results.
J Cataract Refract Surg 2017;43:1197-1201.
Dorairaj S, Seibold LK, Radcliffe N, Aref A, Jimenez-Roman
J, Lazcano-Gomex G et al. 12-Month Outcomes of Goniotomy
Performed using the Kahook Daul Blade Combined with
Cataract Surgery in Eyes with Medically Treated Glaucoma.
Adv Ther 2018;35:1460-1469.
Radcliffe, N, et al. A Novel Dual Blade Device for Goniotomy:
Six-month Follow-up. Data presented as a poster at the American
Glaucoma Society 27th Annual Meeting; March 2017; Coronado,

www.djo.org.in

DJO
36.
37.

38.

39.

40.
41.
42.
43.

44.

45.
46.

47.

48.
49.

50.
51.
52.
53.
54.

Vol. 31, No. 4, April - June 2021

California
Erin G S, Rebecca S, Epstein MD et al. Outcomes of Kahook Dual
Blade Goniotomy with or without Phacoemulsification Cataract
Extraction. Ophthalmology Glaucoma 2018; 4(9):237-242.
Mansouri K, et al. Comparison of the Intraocular Pressure
Lowering Efficacy Between a Novel Goniotomy Blade and a
Trabecular Meshwork Device. Data presented as a poster at
the XXXV Congress of the European Society of Cataract and
Refractive Surgeons (ESCRS); October 7-11, 2017, Lisbon,
Portugal
ElMallah MK, Seibold LK, Kahook MY, et al. 12-Month
Retrospective Comparison of Kahook Dual Blade Excisional
Goniotomy with Istent Trabecular Bypass Device Implantation
in Glaucomatous Eyes at the Time of Cataract Surgery. Adv Ther
2019;36(9):2515-2527. doi:10.1007/s12325-019-01025-1
Sieck, E, et al. Outcomes of Kahook Dual Blade Goniotomy
with and without phacoemulsification Cataract Extraction.
Data presented at the American Glaucoma Society 28th Annual
Meeting; February 2018, New York.
Khouri AS, Wong SH. Ab Interno Trabeculectomy With a Dual
Blade: Surgical Technique for Childhood Glaucoma. J Glaucoma.
2017;26(8):749-751.
Salinas L, Chaudhary A, Berdahl JP, et al. Response: Goniotomy
Using the Kahook Dual Blade in Severe and Refractory
Glaucoma: 6-Month Outcomes. J Glaucoma 2018;27(10):849-855.
Baerveldt, G, Chuck R. Minimally Invasive Glaucoma Surgical
Instrument and Method US Patent number: 6,979,328 B2 Issued:
Dec 27, 2005.
Kaplowitz K, Schuman JS, Loewen NA. Techniques and
Outcomes of Minimally Invasive Trabecular Ablation and
Bypass Surgery. The British journal of ophthalmology 2014;
98(5): 579–585.
Minckler D, Baerveldt G, Ramirez MA, Mosaed S, Wilson
R, Shaarawy T et al. Clinical Results with the Trabectome, a
Novel Surgical Device for Treatment of Open-Angle Glaucoma.
Transactions of the American Ophthalmological Society
2006;146: 40–50.
Mizoguchi T, Nishigaki S, Sato T, Wakiyama H, Ogino N.
Clinical results of Trabectome surgery for open-angle glaucoma.
Clin Ophthalmol 2015;9:1889-1894.
Bussel II, Kaplowitz K, Schuman JS, Loewen NA, Trabectome
Study Group. Outcomes of ab interno trabeculectomy with
the trabectome by degree of angle opening. Br J Ophthalmol
2015;99(7):914-919.
Bussel II, Kaplowitz K, Schuman JS, Loewen NA, Trabectome
Study Group. Outcomes of Ab Interno Trabeculectomy with the
Trabectome after Failed Trabeculectomy. Br J Ophthalmo 2015
;99(2): 258–262.
Mosaed S, Chak G, Haider A, Lin KY, Minckler DS. Results of
Trabectome Surgery Following Failed Glaucoma Tube Shunt
Implantation: Cohort Study. Medicine 2015; 94(30): e1045.
Loewen RT, Roy P, Parikh HA, Dang Y, Schuman JS, Loewen NA.
Impact of a Glaucoma Severity Index on Results of Trabectome
Surgery: Larger Pressure Reduction in More Severe Glaucoma.
PloS one 2016;11(3): e0151926.
Berlin MS, Rajacich G, Duffy M, Grundfest W, Goldenberg T.
Excimer laser photoablation in glaucoma filtering surgery. Am J
Ophthalmol 1987;103(5):713-714.
Wilmsmeyer S, Philippin H, Funk J. Excimer laser trabeculotomy:
a new minimally invasive procedure for patients with glaucoma.
Grafes Arch Clin Exp Ophthalmol 2006; 244(6): 670 – 6
Jahn R, Lierse W, Neu W, Jungbluth KH. Macroscopic and
microscopic findings after excimer laser treatment of different
tissue. J Clin Laser Med Surg 1992;10:413-418.
Valladares AM, Amorós NP, López FG. Excimer laser
trabeculostomy: trabecular MIGS without implant. Revista
Española de Glaucoma e Hipertensión Ocular 2018;8(2):19–27.
Babighian S, Rapizzi E, Galan A. Efficacy and safety of ab interno
excimer laser trabeculotomy in primary open-angle glaucoma:
two years of follow-up. Ophthalmologica 2006;220(5):285–290.

E-ISSN: 2454-2784

P-ISSN: 0972-0200

55.

56.

57.

58.
59.

60.

61.

62.

63.

64.
65.

66.

67.

68.

69.

70.

71.

33

Töteberg-Harms M, Ciechanowski PP, Hirn C, Funk J. Oneyear results after combined cataract surgery and excimer laser
trabeculotomy for elevated intraocular pressure. Ophthalmologe
2011;108(8):733–738.
Babighian S, Caretti L, Tavolato M, Cian R, Galan A. Excimer laser
trabeculotomy vs 180 degrees selective laser trabeculoplasty in
primary open-angle glaucoma. A 2-year randomized, controlled
trial. Eye (Lond). 2010;24(4):632–8.
Grover DS, Godfrey DG, Smith O, Feuer WJ, Montes de Oca I,
Fellman RL. Gonioscopy-assisted transluminal trabeculotomy,
ab interno trabeculotomy: technique report and preliminary
results. Ophthalmology 2014;121(4):855-861.
SooHoo JR, Seibold LK, Kahook MY. Ab interno trabeculectomy
in the adult patient. Middle East Afr J Ophthalmol 2015;22(1):25–
29
Rahmatnejad K, Pruzan NL, Amanullah S, Shaukat BA,
Resende AF, Waisbourd M, Zhan T, Moster MR. Surgical
outcomes of gonioscopy-assisted transluminal trabeculotomy
(GATT) in patients with open-angle glaucoma. J Glaucoma
2017;26(12):1137–1143
Grover DS, Smith O, Fellman RL, et al. Gonioscopy assisted
transluminal trabeculotomy: an ab interno circumferential
trabeculotomy for the treatment of primary congenital
glaucoma and juvenile open angle glaucoma. Br J Ophthalmol.
2015;99(8):1092–1096.
Aktas Z, Ucgul AY, Bektas C, Sahin Karamert S. Surgical
Outcomes of Prolene Gonioscopy-assisted Transluminal
Trabeculotomy in Patients with Moderate to Advanced OpenAngle Glaucoma. J Glaucoma 2019;28(10):884-888.
Grover DS, Godfrey DG, Smith O, Shi W, Feuer WJ, Fellman RL.
Outcomes of gonioscopy-assisted transluminal trabeculotomy
(GATT) in eyes with prior incisional glaucoma surgery. J
Glaucoma. 2017;26(1):41–45.
Davids AM, Pahlitzsch M, Boeker A, Winterhalter S, MaierWenzel AK, Klamann M. Ab interno canaloplasty (ABiC)-12
-month results of a new minimally invasive glaucoma surgery
(MIGS). Graefes Arch Clin Exp Ophthalmol 2019;257(9):19471953.
Gallardo M, Supnet R, Ahmed II. Viscodilation of Schlemm’s
canal for the reduction pf IOP via an ab-interno approach.
Clinical Ophthalmol 2018;12:2149-2155.
Lewis RA, Von W, Tetz M. Canaloplasty: three- year results of
circumferential viscodilaion and tensioning of Schlemm canal
using a microcatheter to treat open-angle glaucoma. J Cat and
Ref Surg 2011;37(4):682-690.
Hoeh H, Ahmed IK, Grisanti S, et al. Early postoperative safety
and surgical outcomes after implantation of a suprachoroidal
micro-stent for the treatment of open-angle glaucoma
concomitant with cataract surgery. J Cataract Refract Surg
2013;39:431–437.
García-Feijoo J, Rau M, Grisanti S, et al. Supraciliary microstent implantation for open-angle glaucoma failing topical
therapy: 1-year results of a multicenter study. Am J Ophthalmol
2015;159:1075–1081.
Reiss G, Clifford B, Vold S, et al. Safety and Effectiveness
of CyPass Supraciliary Micro-Stent in Primary Open-Angle
Glaucoma: 5-Year Results from the COMPASS XT Study. Am J
Ophthalmol 2019;208:219-225.
Junemann A. Twelve-month Outcomes Following Ab Interno
Implantation of Suprachoroidal Stent and Postoperative
Administration of Travoprost to Treat Open Angle Glaucoma.
31st Congress of the European Society of Cataract and Refractive
Surgeons, Oct 2013. Amsterdam, Netherlands.
Myers J, Katz J. Open Angle Glaucoma Treated with a
Suprachoroidal Stent and Topical Travoprost. 23rd Annual
American Glaucoma Society Meeting. March 2013, San
Francisco, CA.
Grover DS, Flynn WJ, Bashford KP, Lewis RA, Duh YJ, Nangi RS,
Niksch B. Performance and Safety of a New Ab Interno Gelatin

Delhi Journal of Ophthalmology

DJO
72.
73.

74.
75.
76.
77.
78.

79.
80.

81.

82.

Vol. 31, No. 4, April -June 2021

Stent in Refractory Glaucoma at 12 Months. Am J Ophthalmolo
2017; 183: 25-36.
Lewis RA. Ab interno approach to the subconjunctival space
using a collagen glaucoma stent. J Cataract Refract Surg
2014;40:1301–1306
Pérez-Torregrosa VT, Olate-Pérez Á, Cerdà-Ibáñez M, et al.
Combined phacoemulsification and XEN45 surgery from a
temporal approach and 2 incisions. Arch Soc Esp Oftalmol.
2016;91(9):415–421.
Colby A, Shane H. A Review of the Data on the Recently
Approved Xen Surgical Gel Stent in the Management of
Glaucoma. JOJ Ophthal. 2017; 3(4): 555617.
Lin SC, Chen MJ, Lin MS, Howes E, Stamper RL. Vascular
effects of ciliary tissue from endoscopic versus trans-scleral
cyclophotocoagulation. Br J Ophthalmol 2006;90:496-500.
Kahook MY, Lathrop KL, Noecker RJ. One- site versus two- site
endoscopic cyclophotocoagulation. J Glaucoma 2007;16:527-530.
Uram M. Endoscopic cyclophotocoagulation in glaucoma
management. Curr Opin Ophthalmol 1995;6:19-29.
Noecker RJ. Paper presented at: The ASCRS Symposium on
Cataract, IOL and Refractive Surgery. San Diego CA; May 1,
2007. Complications of endoscopic cyclophotocoagulation: ECP
Collaborative Study Group.
Chen J, Cohn RA, Lin SC, Cortes AE, Alvarado JA. Endoscopic
photocoagulation of the ciliary body for treatment of refractory
glaucomas. Am J Ophthalmol 1997;124:787-796.
Francis BA, Kawji AS, Vo NT, Dustin L, Chopra V. Endoscopic
cytophotocoagulation in the management of uncontrolled
glaucoma with prior aqueous tube shunt. J Glaucoma
2011;20:523-527.
Clement CI, Kampougeris G, Ahmed F, Cordeiro MF,
Bloom PA. Combining phacoemulsification with endoscopic
cyclophotocoagulation to manage cataract and glaucoma. Clin
Experimental Ophthalmol 2013;41:546-551.
Carter BC, Plager DA, Neely DE, Sprunger DT, Sondhi N,
Roberts GJ. Endoscopic diode laser cyclophotocoagulation in
the management of aphakic and pseudophakic glaucoma in
children. J AAPOS 2007;11:34-40.

E-ISSN: 2454-2784

P-ISSN: 0972-0200

Cite This Article as: Meena G Menon, Shalini. Minimally
Invasive Glaucoma Surgery (MIGS). Delhi J Ophthalmol
2021 ; 31 (4): 26 -34.
Acknowledgments: Image Created by Mr. Shekhar GS
Information systems Department Sankara Eye Hospital.
Conflict of interest: None declared
Source of Funding: None
Date of Submission: 03 Sep 2020
Date of Acceptance: 07 Dec 2020

Address for correspondence
Shalini

MBBS, MS

Department of Glaucoma
Sankara Eye Hospital,
Bengaluru, India.
Email: shalinidocs08@gmail.com

Quick Response Code

34

www.djo.org.in

