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XULASO
Diinyada qlaukomanin yiiksek yayilmasi veo xastolorin saymin daha
da artmasi bu patologiyanin miialicoesi ii¢lin innovativ metodlarin
axtarilmasi zoruratini ortaya qoyur.
Hal-hazirda qlaukoma miialicesi miixtolif dorman qruplari vo lazer
tisullarini ohato edir. Darman va lazer miialicasinin qeyri-kafi effektivliyi
vo ya mohdudiyyatlori alternativ corrahi yanasmanin se¢ilmosi ii¢iin
osasdir. Lakin, gozdaxili tozyiqin (GDT) optimal kompensasiyasina
nail olmagqla yanasi, miiasir qlaukoma corrahiyyesindoki tendesiyalar
omoliyyatlarin kegirilma miiddatini azaltmaga, toxuma zadslorini
minimuma endirmoyo, sabit vo uzunmiiddatli hipotenziv tosirin tomin
edilmosino  yonalmigdir. Son onilliklordo miixtalif mikroinvaziv
glaukoma carrahiyyesi (MIQC) iisullar1 ortaya ¢ixmisdir.
Bu icmalda PubMed, e-library, Scopus, Google Scholar bazalarindan
istifado edorok MIQC mévzusunda méveud nosrlor tohlil edilmisdir.
Molumat sistemlosdirilmis vo hazirda mévcud olan MIQC texnikalarinin
on ohatoali tosnifatinin yaradilmasi ii¢iin asas rol oynamigdir. Bu tosnifat
onlarin texniki xiisusiyyatlorini vo goz drenaj sisteminin miixtalif
strukturlarina tosir mexanizmlorini noazoro alaraq hazirlanmigdir.
MIQC-nin effektivliyini, yiiksok tohliikesizlik profilini, uzunmiiddotli
noticolorin sabitliyini vo siiratli reabilitasiyasini siibut edon coxmaorkazli
tadqiqatlarin vo meta-analizlorin naticalari taqdim olunur. Bu, xastaliyin
erkan vo inkisaf etmis marhalolorinde MIQC-nin siibhesiz tolobatini vo
potensialini gdstorir.
Siibhasiz ki, effektivlik vo miimkiin risklor arasinda miitloq balansini
nozora alarkon, MiQC sahasindo alave todqiqatlarin praktikada istifadosi
ticlin gostorislori genislondirmok mogsadils aktualdir.

Acar sozlor: glaukoma, gozdaxili maye axini, mikroinvaziv qlaukoma
carrahiyyasi,  qoniotomiya,  trabekulotomiya,  kanaloplastika,
viskodilatasiya
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SUMMARY
The high prevalence of glaucoma worldwide and the expected further
increase in the number of patients necessitate the search for innovative
treatment methods.
Currently, ophthalmology has a wide arsenal of tools for the treatment
of glaucoma, including various groups of medications and laser
techniques. Cases of insufficient effectiveness or limitations of medical
and laser treatment serve as the basis for choosing surgical methods.
However, alongside achieving targeted level of intraocular pressure
(IOP), modern trends in glaucoma surgery are also directed towards
minimizing tissue trauma during surgeries, reducing procedure time,
and ensuring a stable and long-lasting hypotensive effect. Over the past
decades, numerous techniques of minimally invasive glaucoma surgery
(MIGS) have been emerged.
This review was conducted by analysis of current publications
dedicated to MIGS, using the PubMed, e-library, Scopus, and Google
Scholar databases. The information was systematized and served as
the basis for creating the most comprehensive classification of existing
MIGS techniques to date, taking into account their technical features,
principles, and action mechanisms and impact on various structures
of the eye’s drainage system. Data from multicenter studies and meta-
analyses are presented, demonstrating the effectiveness, high safety
profile, stability of long-term results, and rapid patient rehabilitation
with the use of minimally invasive glaucoma surgery. This indicates
the undeniable demand and promising nature of MIGS at the mild and
moderate glaucoma.
Nevertheless, there is no doubt about the relevance of further research
of MIGS field in order to expand its practical indications, with the
balance between effectiveness and possible risks.

Key words: glaucoma, aqueous humor outflow, microinvasive glaucoma
surgery, MIGS, goniotomy, trabeculotomy, canaloplasty, viscodilation
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Purpose — to highlight the history of
Microinvasive Glaucoma Surgery (MIGS),
to analyze the current pattern and probable
development paths of this most promising
and pathogenetically oriented direction in
glaucoma treatment.

Material and methods

The PubMed, e-library, Scopus and Google
Scholar databases were comprehensively
searched using primary and secondary
keywords “glaucoma”, ‘“aqueous humor
outflow”, “microinvasive glaucoma surgery”,
“MIGS”, “goniotomy”, “trabeculotomy”,
“canaloplasty”,  “viscodilation”  without
language and time restriction. A total of 173
publications were pre-screened for relevance
to the topic, resulting in 144 articles being
selected for the full text assessment. The
remaining 95 eligible publications were
included in the final review and cited. The
timeframe is 2006-2025 years. They consisted
of 49 randomized controlled trials (RCTs), 21
retrospective meta- and bibliometric analyses
and systematic reviews, and a number of
additional observational and experimental
studies, as well as national protocols and
guidelines, which provide a comprehensive
overview of the MIGS current situation,
theoretical ~ justifications and  clinical
implementations.

Introduction

A total of 80 million people globally is
currently affected by glaucoma. In accordance
with the meta-analysis done by Blindness
and Vision Impairment Collaborators et al.
(244 authors), glaucoma is the 2nd leading
cause of blindness in those aged 50 years
and older in 2020 with 3.61 million affected
people (2.81-4.42). Primary open-angle
glaucoma (POAGQG) is a most frequent cause
of irreversible blindness in the world for the
last 20 years: such the conclusions were made
after meta-analysis of 50 researches with a
total of 198,259 patients. Africa and Asia have
the highest prevalence of POAG (4%) among
all continents. Another meta-analysis, which
included a total of 26,993 patients, stated

that the prevalence of glaucoma (POAG) in
Europe is expected to grow significantly due
to progressive aging of population [1-6].

This situation increases interest in
studying the problem. Semi-automated
bibliometric analysis holds on all primary
peer-reviewed researches on eye health
published between 2000 and 2019 analysed
156,954 articles. 11.0% were on glaucoma
being the most frequent through the leading
causes of vision impairment. The quantity
and quality of articles dedicated to glaucoma
and published in peer-reviewed biomedical
journals indexed in different databases are
constantly increasing. In accordance with
the Dr R. Li’s bibliometric review, during
the period between 1992 and 2023 years
there were 1533 MIGS-related publications
published in 139 journals and authored by
4482 authors across 57 countries [7, 8].

Recently Microinvasive or Minimally
Glaucoma Surgery (MIGS) has become
widespread in the world. In 2017 MIGS
accounted for 131,935 cases (75.5%) of all
glaucoma surgeries in USA, instead of 22,862
(13.1%) for trabeculectomy and 19,991
(11.4%) for Glaucoma Drainage Device
(GDD). The annual growth rate for these
procedures in Germany was very high in the
first years (858% in 2013, 218% in 2015 yy.)
and settled at around 16-35% later (35% in
2017, 29% in 2018 yy.). MIGS combined
with phacoemulsification was the most
preferred procedure for non-operated mild to
moderate POAG — 94.6%, and normotensive
glaucoma (NTG) — 67.3% associated with
cataract in Japan in 2024. During 2010-2020
yy. in Azerbaijan non-penetrating/MIGS,
GDD implantations or combined cataract-
glaucoma surgeries were performed in 30.2%
of glaucoma cases, while the burden of
glaucoma in our country averages 14.2+1.3%
of all eye and adnexa diseases, recorded
between 2010 and 2019, with a prevalence
rate of 14.5+18.7% [9 — 14].

The “2025 Glaucoma Surgical Device
Market Report” provides a data-driven
analysis of the global market for glaucoma
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surgical devices, offering comprehensive
coverage of current technologies, innovation
pipelines, competitive positioning and
growth opportunities. According to this
report microstents took 44.8% of glaucoma
surgical devices market, tube shunts — 10.9%,
subconjunctival shunts — 8.4%, canal surgery
devices — 23.5%, lasers — 12.3%. Market
demands show us the current pattern, highlight
the forecast based on the strategic positioning
and outlook in this, so rapidly developing
field [15].

Glaucoma surgery field is witnessing
several trends shaping its growth trajectory.
The main one is increasing numbers of
MIGS as an effective and early interventional
alternative to traditional filtering surgeries,
alongside with more safety and enhanced
patient comfort. The growing preference
for MIGS is further driven by demand for
innovative surgical solutions and relatively
earlier-stage  diagnosis compared with
previous decades.

It’s very important to state, that MIGS
1s not a direct continuation of GDD, but two
distinct surgical philosophies in glaucoma
management with just the same main goal —
to lower the IOP and, accordingly, to reduce

Table 1. Differences between GDD and MIGS

the impact of glaucoma on visual functions
(Table 1).

Definition of term “MIGS” varied
across the world. Thus, Food and Drug
Administration (FDA) of the USA defines
MIGS as “devices which enhance outflow with
minimal conjunctival or sclera dissection”.
The European Glaucoma Society Guidelines
excludes bleb-forming procedures and/or
device requiring conjunctival dissection for
implantation [16, 17].

“MIGS is the newest, less invasive
and more successive glaucoma treatment
approach meaningly called a “paradigm shift”
— Dhawale K.K. [18]. “The development of
MIGS was intended to provide safe and
modestly efficacious modalities for early
intervention of mild-to-moderate glaucoma,
with minimal trauma and rapid recovery” —
Chan P.P.M. [19].

The term MIGS - Micro Invasive
Glaucoma Surgery - was first coined in 2008
by Dr Igbal Ike K Ahmed, MD, FRCSC, a
Canadian ophthalmologist internationally
recognized for his work in glaucoma surgery
and innovation.

Generally, GDDs are implant-based
shunt systems diverting aqueous humor to an

GDD

| MIGS

Moderate to advance, refractory,

Indications
medication

Outflow mechanism

Invasiveness . . . .
conjunctival manipulation

Surgical approach dissection, plate fixation

IOP reduction Significant

Reduces or eliminates need for

Medication reduction

medications

Higher risk: hypotony, diplopia, tube
Safety profile erosion, endothelial cell loss, fibrosis
Durability Long-term effectiveness

Role in treatment algorithm . .
& other options failed

uncontrolled, failed trabeculectomy and
Diverts aqueous humor from anterior
chamber through tube over the plate

More invasive, longer surgery, requires

Ab externo, conjunctival/sclera

Last solution for refractory cases when

Mild to moderate glaucoma

Enhances natural aqueous outflow
pathways

Minimally invasive, shorter surgery time

Ab interno, micro-incisional, minimal
tissue disruption

Moderate

Decreases burden, but still need the
medications

High safety, low risk of serious
complications, fast recover

May need repeat or combined procedures;
limited long-term data for some devices/
procedures

Earlier intervention, bridge between meds
and more invasive surgery
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external plate and creating a subconjunctival
reservoir—bleb. They are usually implemented
for moderate to advanced OAG with history of
failed surgeries, uncontrolled and refractory
glaucoma [20, 21]. We covered this theme in
details in our previous article [22].

MIGS are micro-scale, less invasive
procedures enhancing the natural outflow
— via trabecular meshwork (TM) or the
suprachoroidal pathway. MIGS are usually
implemented for earlier stages of glaucoma
process, in mild to moderate glaucoma. The
need for less invasive surgical options in
the initial stages of glaucoma has led to an
extensive investigation into surgical methods
designed to enhance patient quality of life by
effectively controlling IOP and minimizing
intra- and postoperative complications [23,
24].

The actual algorithms are as demonstrated
in Table 1:

+ GDD: later, more aggressive, draining
through artificial bypass;

* MIGS: earlier, safer, draining through
physiological pathways.

The conventional aqueous humor pathway
covers approximately 83-96% of the total
outflow and can be divided to proximal and
distal. Proximal segment starts in the anterior
chamber and extends from the trabecular

meshwork through Schlemm’s canal (SC) and
collector channels, where the distal segment
begins and then progresses to the deep scleral
venous venosus plexus. Here it connects
with the aqueous veins, then flows into the
episcleral veins. The main resistance to AH
(aqueous humor) outflow concentrated in the
inner wall of Schlemm’s canal, which includes
the juxtacanalicular tissue and endothelium
[25, 26].

Having reviewed an extensive volume of
the scientific literature dedicated to MIGS, we
can assert that, to date, no adequate, logical
and pathogenetically oriented classification
of this treatment modality exists. Taking into
accountthe growingrelevance of this treatment
modality, we deem it necessary to develop
a contemporary classification that would
most comprehensively reflect current trends,
structure the indications for its application
and clarify the vector of expectations.

From our point of view, the MIGS should
be classified to 2 main groups: “with device”
and “device-free”.

In current research we focus on MIGS
without devices and structure the classification
of this surgical treatment modality in
accordance with the action mechanisms
(Table 2).
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The first big group of device-free MIGS
includes the Trabecular Meshwork targeting
procedures. These surgeries remove, excise or
ablate a portion of pathologically changed TM
to create or to re-establish a direct pathway
for aqueous humor to flow into Schlemm’s
canal and collector channels. In this case, the
IOP reduction occurs more physiologically,
without any device implantation or big
volume of tissue removal. This ab interno
MIGS types are the most popular due to high
safety profile, ability to be combined with the
cataract surgery and fast recovery.

Active Electrode

Protective Footplate
N

Figure 1. Trabectome®

Aspiration Port

Trabectome® (MicroSurgical
Technology, formerly NeoMedix
Corporation, USA) (Fig. 1) was invented
by Dr George Baerveldt, MD, and Dr Roy
S. Chuck, MD, PhD, and received the FDA
approval in 2004. It is the one of the earliest
and most established MIGS. The performing
device consists of a handle equipped with
an irrigation/aspiration system and a bipolar
high-frequency  electrocautery  (plasma
ablation at = 550 kHz). A three-stage foot
pedal sequentially initiates the processes of
ablation, irrigation and aspiration. The system
operates by removing a portion (strip) of the
trabecular meshwork and the inner wall of
Schlemm’s canal (typically over 60-180°),
thereby facilitating the outflow of aqueous
humor from the anterior chamber directly into
the Schlemm’s canal and collector channels.

This technology minimizes tissue trauma,
reduces the inflammatory response and
scarring in the postoperative period. Reduces
IOP in the range of 22 to 42%. Effective for
various subtypes and stages of glaucoma, as
well as for refractory glaucoma, unsuccessful
trabeculectomy and shunt surgery [19, 27, 28,
29].

Dual blades

Sharp tip

Sharp tip

Figure 2. Kahook Dual Blade

Kahook Dual Blade (KDB/KDB
GLIDE), (New World Medical, Inc., USA)
(Fig. 2) — is a sectoral (90°) ab-interno MIGS
technique affecting the TM and internal wall of
SC. The device for performing the excisional
goniotomy by removing a strip of trabecular
meshwork was invented by Dr Malik Y.
Kahook (Sue Anschutz-Rodgers Eye Center,
University of Colorado) in 2015. The single-
use instrument with 2 parallel blades fixed
on the opposite sides of 230 pm width plate.
The pointed ramp lifts and stretches the TM,
then blades excise it and tissue removes by
aspiration. Second-generation — KDB Glide —
is the device with beveled edges and rounded
footplate’s corners to facilitate easier passage
within the canal. Can be performed standalone
or combined with the cataract surgery. It’s
very popular due to simplicity, excellent tissue
removal and strong, long-term IOP reduction.
KDB has become one of the world’s most
commonly used tools in a minimally invasive
approach for glaucoma treatment [30—
33]. It was noted by The Ophthalmologist
Magazine in its 2015 Innovation Awards for
increasing patient safety and low cost (https://
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theophthalmologist.com/issues/2015/articles/
dec/the-2015-innovation-awards-are-here).

Straight

Tanito

Figure 3. Tanito Microhook

Tanito Microhook (Inami & Co., Ltd.)
(Fig. 3) — is a specialized metallic instrument
designed for ab-interno trabeculotomy. It
was developed by Dr. Masayuki Tanito, MD,
PhD, Shimane University Hospital, Japan.
The improved design features three hook
types: straight, right-curved, and left-curved.
The straight hook is suitable for temporal
and superior approaches, whereas the curved
hooks are intended for nasal approach. This
configuration allows controlled dissection
of the trabecular meshwork and the inner
wall of Schlemm’s canal under gonioscopic
visualization, with circumferential advancing
of the hook tip. The total achievable cutting
arc is 240° [34, 35, 36].

Figure 4. TrabEx PRO®

TrabEx®/TrabEx PRO® (MisroSurgical
Technology, USA) (Fig. 4) - is a single-
used device with serrated trapezoidal dual
blades designed for excision of the trabecular
meshwork through a micro corneal incision.
The tip of the improved version of device
TrabEx PRO® features integrated ports for
irrigation and aspiration. Irrigation creates
pressure in the anterior chamber, helping
prevent intraoperative backflow of blood
into the anterior chamber angle and ensuring
maximum visibility during surgery. Aspiration
draws the TM toward the blades, promoting
precise and complete tissue excision [37, 38,
39].

Locking mechanism =

Control wheel —\

Figure 5. TRAB® 360

TRAB® 360 (Sight Sciences, Inc., USA)
(Fig.5)istheforerunner of OMNI. Itcannulates
Schlemm’s canal without viscodilation
and performs a full 360° trabeculotomy via
an ab interno approach. A blunt polymer
trabeculotome is advanced through the tip
of a curved cannula and mechanically cleave
TM when it is withdrawn from the eye. It can
be used alone or in conjunction with cataract
surgery [40, 41].
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Figure 6. SION Surgical Instrument

The SION Surgical Instrument, (Sight
Sciences, Inc., USA) (Fig. 6), is a sterile,
disposable, hand-operated device designed
for goniotomy. A bladeless design with a
rounded tip, manufactured using specialized
lasers, allows for puncture and gentle excision
of the trabecular meshwork. A built-in tissue
collection window captures and removes
excised tissue [42, 43].

Figure 7. GATT (Gonioscopy-Assisted
Transluminal Trabeculotomy

GATT - Gonioscopy-Assisted
Transluminal Trabeculotomy (Fig. 7) —
is a minimally invasive surgical treatment
for open-angle glaucoma. First described
by Davinder S. Grover et al. in 2014, it is
a modification of trabeculotomy with an
ab interno corneal approach instead of the
traditional ab externo approach through the
conjunctiva and sclera, which reduces the risk

of scar tissue formation and ensures a lasting
hypotensive effect in the late postoperative
period. This procedure involves a 360°
dissection of the TM and the inner wall of
the Schlemm’s canal. Trabeculotomy is
performed using a microcatheter or prolene
suture under direct gonioscopic guidance. It’s
important to state, that GATT is the special
surgical technique, not a special device,
and can use microcatheter or suture for this
purpose [44-49].

Figure 8. iAccess Precision Blade

iAccess® Precision Blade (Glaukos
Corporation, USA) (Fig. 8) is a tiny, circular
30-gauge precision blade made from nitride-
coated titanium. By incising and excising the
trabecular meshwork and inner wall of the
Schlemm’s canal, this instrument creates the
possibility to make goniotomy procedures
more precise and patient-oriented. It can
open the TM over an area greater than 90°.
1Access can preserve significantly more tissue
compared to other procedures in use, helping
to maintain the blood-aqueous barrier and
the pulsatile pumping mechanism of TM/SC
complex that facilitates outflow [50, 51].

Bent Ab Interno Needle Goniotomy
(BANG) — performed using a 25G needle
with a curved tip, is designed to remove
a strip of TM, providing direct access of
aqueous humor to the Schlemm’s canal.
The tangled needle configuration improves
the surgeon’s ability to access and navigate
the anterior chamber angle with greater
control, especially in anatomically complex
areas. It facilitates precise penetration of
the trabecular meshwork, ensures smoother
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entry into SC, and minimizes damage to
collateral tissues. The ab interno procedure
preserves conjunctiva, limits postoperative
inflammation and promotes faster recovery. Its
simple design improves surgical ergonomics
[52-55].

GS-Phaco (Gonio Scratch) — a novel
angle-based MIGS for the patients with
OAG and cataract. It performs by Diamond
Dusted Sweeper developed by Yasuo Tano et
al. in 1997 as the vitreoretinal surgical tool,
and manufactured by Dutch Ophthalmic
Research Center (DORC) for gentle removing
of deposits/obstructions from trabecular
meshwork and enhancing natural drainage
pathway. According to some publications, it
demonstrates the sustained and significant
IOP-lowering, up to 80.9% surgical success
rate and promising safety profile [56, 57].

ELT (Excimer Laser Trabeculostomy)
was intended by Dr. Michael S. Berlin, MD,
at the Jules Stein Eye Institute, UCLA, USA,
in 1987. It is an endoscopically guided xenon
chloride excimer laser with a wavelength
of 308 nm (non-termal). The laser beam is
delivered to the target area via fiber optics
through a limbal paracentesis, preserving the
conjunctiva. Excimer laser photocoagulation
allows the ablation of the juxtacanalicular wall
of the TM and the internal wall of Schlemm’s
canal to restore the physiological outflow of
aqueous humor through the physiological
drainage pathways without the formation of
an external filtration pad. It causes virtually no
thermal damage, minimizing the inflammatory
response, and does not provoke reparative or
scarring process. ELT can be performed alone,
in combination with cataract surgery and after
previously undergone filtering surgery. CE-
marked in Europe since 2014 [58, 59, 60].

Several MIGS procedures are being
classified as hybrid, meaning they combine
Trabecular Meshwork Targeting with the
viscodilation or canaloplasty of Schlemm’s
canal using ophthalmic viscosurgical device
(OVD) to dilate the canal, stretch the TM
and approach distal collector channels. This

dual solution addresses multiple points of
resistance in conventional outflow pathway
to enhance the efficacy in implant-free and ab
interno conditions.

Figure 9. Streamline Surgical System

The Streamline Surgical System (New
World Medical, Inc., USA) (Fig. 9) received
FDA approval in 2021 for the treatment of
patients with ocular hypertension and open-
angle glaucoma. It designed to target the
natural aqueous humor outflow pathways.
The unique design of the device enables the
performance of two distinct functions in a
single unified step: creation of incisions in
the trabecular meshwork and direct delivery
of viscoelastic agent into Schlemm’s canal.
The optimized version of Streamline Surgical
System is equipped with a transparent tip
to enhance visualization of key anatomical

structures  throughout the  procedure.
Additionally, the proprietary ClickPulse
technology provides controlled, targeted

delivery of the viscoelastic substance with a
single button press [61, 62, 63].
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Figure 10. OMNI Surgical System

The OMNI® Surgical System (Sight
Sciences, USA) (Fig. 10) is an implant-free,
minimally invasive technology Indicated
for canaloplasty (microcatheterisation and
transluminal viscolidation of Schlemm’s
canal) followed by trabeculotomy. This
procedure comprehensivly restores the
outflow by addressing all three main
resistance points: TM, Schlemm’s canal and
distal collector channels. The first step is
the microcatheterization of SC up to 360°,
followed by transluminal viscodilation
to dilate and clear the canal and collector
channels. Second step — trabeculotomy -
cutting the TM to enhance direct outflow. This
hybrid approach makes OMNI unique among
other MIGS as it targets multiple resistance
points. Some authors state the significant
reduction in IOP of 41% and IOP-lowering
drops in 85% [64—67].

Figure 11. Canaloplasty: ab externo vs ab
interno

Another group of MIGS without device
is Schlemm’s canal and collector channel
targeting procedures — canaloplasty and
viscodilation - usually implements to expand/
dilate Schlemm’s canal, to break adhesions,
to stretch the TM and to improve flow into
distal collector channels without removing
tissue (Fig. 11). Canaloplasty first was
introduced by for glaucoma treatment in the
late 2000s by Prof. Robert Stegmann (Medical
University of South Africa) in 1999, world's
first canaloplasty (ab externo technique) for
glaucoma treatment was performed by him in
2004. Then, in the late 2000s it was invented
in USA by Dr Lewis and colleaugues. It
was ab externo procedure when the catheter
inserts into the SC followed by the placement
of a tight suture to widen the canal lumen.
This classic ab externo procedure is not
considered as a MIGS. But its modifications
performed ab interno have been classified as
MIGS and were introduced by Dr Mahmoud
Khaimi (Dean McGee Eye Institute, USA)
and Dr Marc Gallardo (El Paso Eye Surgeons,
USA). There are several modifications of this
procedure: mini-canaloplasty, catheterless
canaloplasty, canaloplasty with a Galucolight
catheter, canaloplasty with suprachoroidal
drainage. Can be done with or without
viscodilation, with or without the placement
of a suture, standalone or combined with the
cataract surgery [68—76].

ABiC (Ab Interno Canaloplasty) is
an improved version of the traditional Ab
Externo Canaloplasty procedure developed by
Dr Michael J. Gallardo, MD. Its disingishing
feature is the absence of a tension suture
inserted into the Schlemm’s canal lumen. Ab
Interno Canaloplasty eliminates manipulation
of the conjunctiva and sclera. A temporal
corneal incision is used to insert the flexible,
illuminated microcatheter (like iTrack or
iTrack Advance) into SC. The microcatheter,
withitsred tip illumination, allows for effective
monitoring of the tip’s position within the
drainage system. After 360° of microcatheter
insertion, it is gradually withdrawn while
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simultaneously injecting viscoelastic into the
canal lumen. The viscoelastic injected into
the SC dilates the canal lumen, eliminates
trabecular deflections caused by high IOP,
opens the SCX, and dilates the collecting
channels, thereby also affecting the distal
outflow system. Effective not only for
POAG/OAG, but also for pigmentary and
pseudoexfoliative glaucoma [77, 78, 79].

Figure 12. iTrack®/iTrack® Advance

iTrack®/iTrack® Advance (Glaukos
Corporation, USA) (Fig. 12) — is a
microcatheter designed for canaloplasty,
firstly introduced in 2008 in accordance with
the scientific work of Prof. Robert Stegmann
and Dr. Murray Johnstone. A flexible yet
sufficiently rigid internal guidewire allows
precise maneuvering within narrow segments
of Schlemm’s canal and enables complete
circumferential (360°) catheterization
through a single intubation. The device allows
individualized regulation of the volume of
viscoelastic material delivered for each patient
and passages the viscoelastic into Schlemm’s
canal via a patented pressure-controlled
delivery mechanism. Fiber-optic illumination
at the distal tip of the microcatheter provides
predictable and controlled movement through
the canal, minimizing the risk of misdirection
into the suprachoroidal space or the collector
channels. The procedure is performed without
excision or damage to ocular tissues, thereby
minimizing the likelihood of postoperative
inflammatory response [80—88].

Visco® 360 Viscosurgical System (Sight
Sciences, Inc., USA) is a single-use surgical
device designed to restore physiological
outflow of aqueous humor in patients with
open-angle glaucoma and hypertension. The
device received CE-approval in 2015 and
was commercially launched in 2018. A soft,
flexible microcatheter with an atraumatic
tip anables catheterization without drainage
system’s tissue destruction, while the
automated delivery of a preset volume of
viscoelastic ensures controlled dilation of
Schlemm’s canal and collector channels [64,
79].

Figure 13. Via 360® Surgical System

Via 360® Surgical System (New World
Medical Corporation, USA) (Fig. 13) — is
an advanced device designed to deliver
viscoelastic ophthalmic material into the
natural drainage pathway — Schlemm’s canal
— to dilate it, improving aqueous humor
outflow and reducing IOP. The device’s
microcatheter has a unique design that allows
for 360° advancement and the microchannels
are configured to deliver the viscoelastic both
forward and tangentially, ensuring its delivery
to target areas. The rotating cannula used in
this technology provides improved positioning
and flexibility during single insertion without
the need for full rotation of the device.

iPrime Viscodelivery System (Glaukos
Corporaton) — is a single-use, sterile system
for minimally invasive glaucoma surgery
developed by Glaukos and received the
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FDA approval in 2022. The device is used
in procedures involving dilation of the eye
drainage system by injecting viscoelastic into
the Schlemm’s canal. Controlled catheter
advancement and adjustable cannula angle
allow for targeting various areas of resistance.
An optimized viscoelastic delivery system
ensures targeted, controlled, and dosed

administration [84].

Another type of device-free MIGS with
completely different action mechanism is the
procedure lowers IOP by reducing aqueous
humor production.

Figure 14. ECP (Endoscopic
Cyclophotocoagulation)

Endoscopic Cyclophotocoagulation
(ECP) was developed by American
ophthalmologist Dr Martin Uram in early
1990th and can be considered as the device-
free MIGS (Fig.14). Since then, the equipment
has been improved, and the procedure
currently involves the use of a probe inserted
through a limbal incision and exposure of the
ciliary processes to a low-power laser (usually
819 nm) in the middle and posterior thirds.
Hypotensive effect is achieved by suppressing
aqueous humor production, contracting the
ciliary processes, lifting the iris root, and
opening the anterior chamber angle. Direct
visualization of the laser allows for a more
targeted approach while minimizing damage
to the ciliary muscles and stroma. It uses an
endoscopic probe with built-in laser, camera,
and light, to directly visualize and precisely

ablate the ciliary processes, reducing aqueous
humor production. The direct visualization
allows to provide very careful and controlled
treatment with minimum damage of nearby
structures [19, 85].

Narrative review of meta-analysis.

As we mentioned above, there are a lot of
studies dedicated to MIGS, their advantages
and disadvantages, techniques and risks,
efficacy and complications. In this review
we would like to present the results of latest
large international multicenter meta-analysis
of MIGS results. Thus, typically refers to
comprehensive research studies that combine
data from multiple clinical centers and trials
to evaluate the common information in
managing of glaucoma. This improves the
accuracy of conclusions about treatment
efficacy, safety and risk factors as well as
highlights the common situation with MIGS
treatment modality in the world.

In retrospective meta-analysis study done
by Wu K.Y. and colleagues, evaluated the
safety and effectiveness of two biomimetic
surgeries: Kahook Dual Blade Goniotomy
and Trabecular Micro-Bypass Stent in
combination with cataract extraction. Study
included 176 eyes (110 patients): 142 eyes in
the iStent group and 34 in the KDB group.
20% reduction in IOP (67%) and a higher
proportion of patients reaching an IOP of
less than 19 mmHg (81%) was achieved in
iStent inject patients instead of 50% and 71%
subsequently in KDB patients The number of
medications did not decrease in either group.
The KDB group had more failures (29.4%
vs. 4.2%) and a significantly higher adverse
event rate than the iStent inject group (47.1%
vs 12.0%) [86].

In another meta-analysis, performed by
Mora-PaezD.J. etal., 14 studies were included
with a total of 1959 eyes (958 phaco-KDB,
and 1000 phaco-Stent including 753 phaco-
iStent and 207 phaco-iStent inject). Kahook
dual blade (KDB) goniotomy achieved higher
rates of surgical success compared with
iStent/iStent inject implantation combined
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with  phacoemulsification (odds ratio:
0.68; 95% CI: 0.50 to 0.92; P = 0.01; 12 =
40%). KDB goniotomy demonstrated better
intraocular pressure (IOP) reduction at month
6 compared with the stent group (MD: 1.13
mm Hg; 95% CI: 0.43 to 1.83; P=10.002; 12 =
51%). Medication reduction and the incidence
of adverse events were comparable between
groups [87].

This retrospective observational study
hold by Beres H. and co-authors included
85 patients with POAG and PEXG who
underwent canaloplasty (group 1) or
phacocanaloplasty (group 2). In group 1, the
mean baseline intraocular pressure (IOP) of
22.1 £ 0.9mmHg was reduced to 15.3 £ 0.5
mmHg, 15.7 +£ 0.5 mmHg, and 15.9 + 0.7
mmHg at 1, 5, and 10 years, respectively.
The mean medication use decreased from 2.4
+ 1.0 before surgery to 0.1 £ 0.5, 0.8 £ 1.1,
and 1.4 +1.3 at 1,5, and 10 years, respectively.
In group 2, IOP was reduced from 20.4 + 1.5
to 15.6 £ 1.0, 143 £ 0.8, and 14.2 + 1.2 at
1, 5, and 10 years, respectively. The mean
medication use dropped from 2.4 £ 1 to 0.3
+09,09+14 and 0.8 £ 1.1 at 1, 5, and
10 years, respectively. Additional surgery
was performed postoperatively in nine cases
(13.9%) within the initial 3 months. Patients
with PEXG had a significantly higher
requiring re-operation (HR =5.11, HR =5.11,
95% CI 1.05-24.74, p = 0.043). No serious
complications were observed [88].

The meta-analysis performed by Oo
H.H. et al. quantitatively examined the
efficacy of angle-based minimally invasive
glaucoma surgery (MIGS) in normal tension
glaucoma (NTG). 15 studies with a pooled
total of 367 eyes which underwent combined
phacoemulsification and angle-based MIGS
were included for final meta-analysis. Pilot,
cohort, observational studies and randomized
controlled trials for trabecular-bypass devices,
excisional trabeculotomy, goniotomy and
ab-interno canaloplasty with or without
cataract surgery were included. There was
significant reduction in both IOP and AGM
post-operatively at 6 months (2.44 mmHg,

95%CI: 1.83-3.06; 1.21 AGM, 95%CI: 0.99-
1.44), 12 months (2.28 mmHg, 95%CI:
1.71-2.84; 1.18 AGM, 95%CI: 0.90-1.47),
24 months (2.10 mmHg, 95%CI: 1.51-2.68;
1.26 AGM, 95%CI: 0.85-1.68) and 36 months
(2.43 mmHg, 95%CI: 1.71-3.15, 0.87 AGM,
95%CI: 0.21-1.53) (all p < 0.05). Subgroup
analysis on combined phacoemulsification-
iStent inject surgery demonstrated a reduction
in both IOP (2.31 mmHg, 95%CI: 1.07-3.56,
p < 0.001) and AGM (1.07 AGM, 95%CI:
0.86-1.29, p < 0.001) at 12 months post-
operatively. It was concluded, that angle-
based MIGS standalone or combined with
phacoemulsification effectively reduces IOP
and AGM in NTG eyes for up to 36 months
after surgery [89].

Systematic literature review and meta-
analysis were conducted by Dr Zu Y. and
colleagues to assess the effectiveness of
MIGS as monotherapy and in combination
with phacoemulsification in the management
of NTG. A total of 11 studies involving 413
eyes from 327 NTG patients were included
and followed-up from 6 to 60 months. MIGS
alone reduced IOP by 2.62 mmHg (95% CI:
-3.70 to -1.54; Z =4.77, P < 0.00001), while
MIGS with cataract surgery reduced IOP by
2.09 mmHg (95% CI: -2.83 to -1.35; Z=5.53,
P < 0.00001). The number of IOP-lowering
medications decreased by 1.47 with MIGS
alone (95% CI: -2.16 to -0.77; Z =4.07, P <
0.0001) and by 1.13 with combined surgery
(95% CI: -1.75t0-0.52; Z=3.63, P=0.0003).
No significant differences were observed
between the two surgical approaches.
This meta-analysis also demonstrated
that either MIGS alone or combined with
phacoemulsification effectively reduced the
IOP and the requirement for IOP-lowering
medications in NTG patients [90].

The scientific group headed by Dr Yuan
P.H.S. conducted the systematic review and
meta-analysis to compare efficacies and
safeties of combined phacoemulsification-
microinvasive glaucoma surgeries (MIGS) to
phacoemulsification only in eyes with OAG.
MIGS were grouped according to mechanisms
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of action: TM bypass that improves aqueous
drainage into Schlemm's canal, non-GATT
goniotomies that remove TM with varying
devices, and GATT that removes TM with
a catheter or suture placed into Schlemm's
canal. Efficacy was measured by reductions
in IOP and medications, whereas safety was
compared using incidence of sight-threatening
and other adverse events. A total of 95 studies
were included, accounting for 9733 eyes
followed up at 1-year. The control group had
a baseline IOP of 16.9 (95% CI: 15.9-17.9)
mm Hg on 1.43 (1.19-1.68) medications and
a postoperative IOP of 15.2 (14.4-15.9) mm
Hg on 0.80 (0.54-1.00) medications. The TM
bypass baseline IOP was 18.2 (17.6-18.7)
mm Hg on 1.89 (1.78-2.01) medications that
lowered to an IOP of 14.8 (14.5-15.1) mm
Hg on 0.80 (0.65-0.95) medications at 1 year
after operation. The non-GATT goniotomy
baseline IOP was 20.0 (19.2-20.8) mm Hg on
2.30 (2.09-2.53) medications, and at 1-year
follow-up, the IOP was 14.6 (14.3-15.0) mm
Hg on 1.41 (1.22-1.62) medications. Lastly,
the GATT baseline IOP of 21.8 (19.5-24.1)
mm Hg on 2.90 (2.36-3.44) medications was
reduced to an IOP of 12.5 (10.0-15.0) mm
Hg on 0.73 (0.37-1.09) medications at 1-year
after operation. All MIGS groups had equal
or lower rates of sight-threatening events and
secondary glaucoma surgery when compared
with control. GATT had the highest hyphema
rate at 27.7% (13.5%-44.5%) followed by
non-GATT goniotomy with 15.5% (7.8%-
25.0%). These were both significantly
higher than TM bypass and control groups,
with hyphema rates of 3.5% (1.6%-5.9%)
and 4% (only 1 study reporting hyphema
rate), respectively. The study evidences
that combined phacoemulsification-MIGS
is beneficial for patients with open-angle
glaucoma and does not increase the incidence
of vision-threatening events [91].

The systematic review and meta-analysis
doneby Drs Zhang B.,KangJ., Chen X. studied
the efficiency and safety of canaloplasty (CP)
and compared the outcomes between CP and
trabeculectomy (TE). In the meta-analysis,

IOP decreased by 9.94 (95% CI 8.42 to 11.45)
mmHg with an average AGM reduction of
2.11 (95% CI 1.80 to 2.42) one year after
CP. The IOP reduction was significantly
higher after TE than after CP, with an average
difference of 3.61 (95% CI 1.69 to 5.53)
mmHg at 12 months post operationally. For
complications, the incidence of hyphema was
significantly higher in CP and the Descemet
membrane detachment was just reported in
CP, with an incidence of 3%. However, the
incidence of hypotony and choroidal effusion/
detachment was significantly lower in CP.
Meanwhile, suprachoroidal hemorrhage and
bleb needling were only reported in TE. The
authors conclude CP was less effective in
IOP reduction than TE, but CP was able to
achieve similar postoperative success rates
and reduce the number of AGMs likewise. CP
was also associated with lower incidence of
complications [92].

The Meta-Analysis and Systematic
Review performed by Dr Benjamin Paik and
colleagues analyzed the safety and efficacy of
MIGS in lowering IOP and medication burden
in Primary Angle Closure (PAC) and Primary
Angle Closure Glaucoma (PACG). Review
includes 23 studies of 875 patients, however
the meta-analysis -15 studies of 590 patients.
MIGS with and without phacoemulsification)
demonstrated mean reduction in IOP of
7.71 mmHg (95% CI: 5.16-10.26), and in
medication of 1.57 (95% CI: 1.17-1.96) at 1
year. As MIGS procedure are not often used
when angle closure due to iridotrabecular
contact, access to the TM can be established
with cataract removal/goniosynechiolysis.
In that eye conditions MIGS-phaco as
the combined procedure demonstrates
a significant advantage over standalone
phacoemulsification: WMD 0.59, 95% CI:
-0.04-1.22 in reducing medication burden
and WMD (weighted mean differences) 1.22;
95% CI: -0.96-3.39 in IOP-lowering up till 1
year. Overall complication rate was 141/875
(16%). According to this, authors conclude
that MIGS brings the sustained IOP and
medication burden reduction alongside with
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the favourable safety-profile in AC eyes,
and MIGS-phaco may be more preferable to
standalone phacoemulsification [93].

A literature review study done by Dr
Cwiklinska-Haszcz A. was dedicated to
safety profile analysis of different types of
canaloplasty and GATT with and without
phacoemulsification. It showed the most
common complication as hyphema and
microhyphema (5-70% in canaloplasty
group and 23-100% in GATT group. Other
complications (elevated IOP, Descemet’s
membrane detachment, iritis or hypotony
in canaloplasty group were observed in
10% cases, GATT group below 3.1% were
iridodialysis or cyclodialysis, hemorrhages to
vitreous and suprachoroidal space [94].

Meta-analysis performed by Dr Zhu and
colleagues were performed to calculate the IOP
and topical medications changes following
treatment at 1-, 6-, 12-, 24-months follow-
up. Five studies with 290 eyes at baseline
were included. At the 1-month follow-up,
there was a significant mean IOP reduction
of 7.40 mm Hg following standalone OMNI
(MD=-7.40; 95% CI: -10.61 to -4.20; P <
0.0001). At the 6-month follow-up, mean IOP
reduction was 7.25 mm Hg (MD =-7.25; 95%
CI: -9.60 to -4.89; P < 0.0001). At the 1-year
follow-up, mean IOP reduction was 7.49 mm
Hg (MD=-7.49; 95% CI: -9.47 to -5.50; P

< 0.0001). At 2-year follow-up, mean IOP
reduction was 8.77 mm Hg (MD =-8.77; 95%
CI: -10.35 to -7.19; P <0.0001). In addition,
at the 1-year follow-up, mean reduction of
topical medications was 0.77 (MD =-0.77;
95% CI: -1.44 t0 -0.09; P=0.025), and 46.2%
of patients were medication-free (95% CI:
35.6%-57.2%). They concluded, that OMNI
Surgical System is an effective standalone
procedure for canaloplasty and trabeculotomy
in OAG patients and led to a significant
reduction in IOP at multiple time points and
medication burden [95].

Conclusion

Microinvasive glaucoma surgery is
developing rapidly. Device-free part of this
treatment modality can become a first-choice
surgery for early-stage glaucoma cases due
to its physiological approach: enhancing
aqueous humor natural pathway and absence
of implant/stent. Among other advantages:
absence of scarring, which leaves the
possibility for subsequent surgeries in case
of decompensation of glaucoma process;
high safety profile caused by ab-interno
approach; cost-effectiveness; wild specter of
using (OAG, PXG, PG, ACG); can be done
standalone or combined with routine cataract
surgery.
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