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Abstract

Minimally invasive glaucoma surgery (MIGS) are relatively new technologies that have enabled
major advances in the management of glaucoma patients, providing a safer and less invasive way to address
elevated I0P compared to traditional surgical techniques.

The main goal of these procedures is the reduction of IOP, which is the main modifying risk factor
in the progression of glaucoma, using small incisions and minimal tissue damage. Patients with mild or
moderate glaucomahave the main benefit from these interventions. The short recovery period and the lower
number of complications are the main advantages of these procedures compared to traditional ones.

The aim of this literature review is to present the current types of MIGS with all their characteristics
and the different anatomical pathways involved in intraocular pressure (IOP) reduction in glaucoma
patients. Also through this paper we want to highlight the new types of MIGS, the integrated approach of
MIGS with cataract surgery or digital monitoring tools in order to achieve a greater and better result in
patients who need such interventions. The long-term effects of MIGS use are not yet well known.

Additional research is needed that will enable more precise answers to such questionsin the future,
as well as the development of new devices that contribute to MIGS becoming a standard treatment in the
management of glaucoma patients.

Keywords: glaucoma, minimally invasive glaucoma surgery, intraocular pressure, surgery,
glaucoma management.

Introduction

Glaucomais a group of ophthalmic diseases characterized by progressive damage to the optic nerve
that ultimately leads to irreversible vision loss. This optic neuropathy is one of the leading causes of
irreversible blindness in the world, especially in the elderly population [1].

Most glaucomas are insidious diseases, often asymptomatic until the advanced stage. Therefore,
without timely recognition and appropriate treatment, these diseases lead to irreversible vision loss. Thisis
the reason why modern ophthalmology is looking for answers for their timely and efficient solution. To
date, one of the main clinical factors in glaucoma is elevated intraocular pressure. It is not always present,
but is the only modifying factor currently known. We achieve its control either by reducing the production
of aqueous humor or by increasing its drainage, all in order to maintain an intraocular pressure that would
not harm the retinal ganglion cells, and thus the optic nerve. That value, known as the target value, is
individual for each patient and it is achieved first with medical or laser treatment. The moment these
therapeutic modalities failed to show the desired outcome, traditional glaucomasurgical techniques would
enter the scene.

Minimally invasive surgical procedures would be a bridge between drug and laser therapy on the
one hand and classic surgical techniques on the other. That is, interventions that would avoid possible
complications and side effects from surgical procedures, would improve the quality of life of the patient
himself, and at the same time would achieve an adequate intraocular pressure in patients in whom
medication and laser treatment do not make it possible [2] . It is not one but several different interventions
that have developed over the past two decades. Different types of MIGS procedures target different ways
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to leak aqueous humor whether through manipulation of the trabecular meshwork and Schlemm's canal, the
suprachoroidal or the subconjunctival space [3].

What they all have in common is that they have an ab intrno approach, a short recovery time for
the patient after the intervention and preservation of the conjunctiva for potential surgical procedures in the
future [4].

The term ab interno means internal access through a clean corneal incision where the conjunctiva
and sclera would remain intact, thus reducing the risk of possible complications such as: infection, hypotony
and the appearance of scars. Unlike the MIGS approach, interventions where it is necessary to use an
incision of the conjunctiva or sclera are known as interventions with an external approach, that is, ab
externo.

Literature search

In preparing this literature review, we approached the search for papers related to MIGS, which
were published in English. We used the PubMed database to access relevant studies related to thistopic by
entering the following keywords and terms: minimal invasive glaucoma surgery, trabectom, sclerotomy,
trabecular stent, iStent, Hydrus, Schlemm’s canal cannulation, Schlemm's canal dilatation, gonioscopy-
assisted transluminal trabeculotomy, Kahook Dual Blade, ab interno canaloplasty, suprachoroidal stent,
suprachoroidal shunt, CyPass, Xen gel stent and EX-PRESS. In order to provide more datareferring tothis
area the terms were used together and as separate keywords in different combinations.

During the search, after extracting the relevant papers from this area, we also reviewed the
references of the extracted papers in order to discover other sources that were missed during the initial
search. The period of interest was set from 2000 to 2024 in order to capture the latest views and attitudes
regarding this issue in ophthalmology.

Types of procedures and techniques

MIGS devices can be divided into several groups according to the anatomical target site of their
action in order toincrease the flow of agueous humor and subsequently reduce IOP. Accordingly, there are
mainly the following categories [5]:
I. bridging trabecular meshwork and Schlemm's canal, the most common site of resistance for aqueous
humor leakage in the conventional leakage pathway.
-Trabecular outflow (Trabectome, Kahook Dual Blade, iStent and iStent inject, HFDS)
-Schlemm'’s Canal Targeted (TRAB360, OMNI, Streamline)
-Schlemm'’s Canal and Trabecular outflow (Hydrus Microstent).
I1. suprachoroidal Outflow, targeting the supraciliary space thus allowing an alternative pathway for
aqueous humor to drain from the eye
- Suprachoroidal shunt (CyPass, iStent Supra, Gold Micro Shunt, STARflo Implant, MINIject, Aquashunt)
I11. subconjunctival procedures, through the formation of a drainage path from the anterior chamber of
the eye to the subconjunctival space, allowing the outflow of aqgueous humor into the subconjunctival space
where it is resorbed by the conjunctival and episcleral blood vessels.
-EX-PRESS, Xen Gel Stent, PresserFlo MicroShunt,
V. other techniques and procedures
- gonioscopy-assisted procedures- GATT (Gonioscopy-Assisted Transluminal Trabeculotomy)
-ABIC — ab interno canaloplasty

20



Bogdanova | et al; Minimally invasive glaucoma surgery, techniques and procedures

Figure 1 Minimally invasive glaucoma surgery (MIGS), techniques and procedures.
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l. Trabecular meshwork bridging procedures and techniques

a) procedures affecting trabecular outflow

- Trabectom is a microelectrocautery that performs ablation and removal of part of the trabecular
network and the inner wall of Schlemm's canal. In thisway, it allows the direct outflow of aqueous humor
into the Schlemm canal. Using the trabectome minimizes tissue trauma, thereby reducing postoperative
inflammation and fibrosis of the opening. With this procedure, there is a risk of blood reflux due to the
direct communication with Schlemm's canal. It is used in moderate to severe glaucoma [6].

-Kahook Dual Blade is a dual-sided tip instrument for precise incision and window creation in the
trabecular meshwork. In thisway, it allows the direct flow of aqueous humor into Schlemm's canal, similar
to the trabectome. Due to the specific design and technique, this device causes minimal damage to the
surrounding tissue, quick recovery from the intervention and fewer complications. Several studies have
shown that the results achieved with this instrument are sustainable [7, 8].

-iStent and iStent Inject are MIGS devices used in mild to moderate glaucoma, by bypassing the
trabecular meshwork. They are coated with heparin, have an L-shape and possess excellent stability for a
long period, while minimizing the risk of possible complications. The first is a trabecular micro-stent which
is placed and bridges the trabecular meshwork and allows a good flow of agqueous humor directly into
Schlemm's canal. The second is a newer generation - preloaded injector system that implants two stents
with the help of which 10P control is achieved [9,10].

-High-Frequency Deep Sclerotomy (HFDS) originally known as sclerothalamotomy ab interno, aims
to reduce IOP by creating microincisions in the sclera using high-frequency electrical current, thus
improving uveo-scleral flow. With the intervention, the trabecular meshwork and Schlemm's canal are
penetrated 1 mm deep and six pockets are formed. In thisway, the agueous humor flows from the anterior
chamber into the suprachoroidal space, thereby bypassing the conventional way of outflow. During the
intervention, the damage to the surrounding tissues is minimal. It can be used in moderate to severe
glaucoma [11].

b) procedures that target Schlemm's canal

-TRAB360 is a device that uses a flexible microcatheter to cannulate and viscodilate Schlemm’s
canal. It is used in mildto moderate types of glaucoma. In this way, the trabucular network is bypassed and
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the outflow of aqueous humor is improved. With its help, a 360° trabeculotomy is performed through a
clean corneal incision. The main complication of this procedure is the occurrence of hyphemaand transient
IOP spikes [12].

- The OMNI surgical system is a two-step MIGS procedure that performs viscodilatation of
Schlemm's canal (VISCO360) and trabeculotomy (TRAB360). In a way, it is a complement to the previous
procedure. It is characterized by a low percentage of complications and a high safety profile. It is used in
mild to moderate glaucomas [13].

-Streamline is also a procedure that targets Schlemm's canal, but through canaloplasty, which
involves cannulationand dilation of Schlemm's canal, but without the use of trabeculotomy. That is, it is a
single-use device that performsa goniotomy and delivers a viscoelastic, biocompatible material with which
it dilates Schlemm'’s canal. Like the previous ones, it is used for mild to moderate glaucoma [14].

¢) procedures that simultaneously target Schlemm's Canal and Trabecular outflow

-Hydrus microstent is a flexible and biocompatible nitinol stent that is implanted in Schlemm’s
canal through aclean corneal incision. Itsrole is to dilate the canal and bypass the trabecular meshwork. In
this way, it achieves an improved outflow of the aqueous humor, and thus a reduction of IOP in mild to
moderate glaucomas [15].

1. Suprachoroidal outflow

-iStent Supra is a device that targets the suprachoroidal space in order to reduce intraocular
pressure. In this way, the conventional route of aqueous humor leakage, which is often the main point of
resistance in eyes with glaucoma, is bypassed. It is made of biocompatible polyethersulfone material with
a porous titanium coating. Like other MIGS, it is implanted through a clean corneal incision. Its specific
complication is the possibility of more frequent obstruction than the others due to the narrow and
unpredictable suprachoroidal space. It can also be used in more severe forms of glaucoma [16].

-CyPass was another device targeting the suprachoroidal (supraciliary) approach to reduce 10P.
Constructed of polyimide materials, with the shape of a tube [17]. The COMPASS-XT study showed an
increased risk of corneal endothelial cell damage in patients who had this device implanted, which is why
it was withdrawn from use in 2018 [18].

-Gold Micro Shunt is a device made of gold, which is therefore biocompatible and has anti-
inflammatory properties. It uses the natural pressure gradient between the anterior chamber and the
suprachoroidal space to improve aqueous humor outflow, thereby lowering IOP. It is used less frequently
than other MIGS procedures [19].

-STARflo Implant is a silicone implant that drains the agueous humor in the suprachoroidal space.
It is made of micro pores that allow good biocompatibility avoiding inflammatory reaction from the
surrounding tissue [20].

-MINIlject is the latest device, like the previous one, it is made of silicone, a soft material with
pores. Its efficacy and safety have recently been published through several clinical trials [21].

-Aquashunt is a device in the development stage, which is larger than the previous ones. It is
designed to make a direct connection between the anterior chamber and the suprachoroidal space. It is
intended to help with advanced and severe glaucoma [22].

II. Subconjunctival shunts

-EX-PRESS Glaucoma Filtration Device — a small stainless-steel shunt that bypasses the
trabecular meshwork and connects the anterior chamber to the subconjunctival space. It thus ensures
aqueous humor leakage and IOP regulation. It is available in two sizes, 50 microns and 200 microns,
depending on the fluid flow to be achieved. Studies have shown a comparable reduction in IOP compared
to trabeculectomy, but with significantly fewer complications such as: choroidal effusion, hyphema, and
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hypotension. Malposition and its extrusion are potential complications during its insertion. It can also help
with advanced forms of glaucoma [23].

-Xen Gel Stent — a hydrophilic device built from a porcine-derived gelatinous material that is
biocompatible and flexible. It is implanted through a clear corneal incision, into the trabecular meshwork
and extends into the subconjunctival space. In thisway, it provides a new way to drain the aqueous humor.
It is intended for patients with a moderate to severe form of glaucoma who need a greater IOP reduction.
Malposition and intraoperative bleeding are two common complications when using this device.
Postoperatively, as with other types of MIGS, transient IOP spikes can be encountered, but also hypotony,
endophthalmitis and blebitis as extremely rare possible complications [24].

-PreserFlo MicroShunt — a small, flexible tube that is made of biocompatible material styrene-
block-isobutylene-block-styrene that allows for maximum reduction of surrounding tissue inflammation
and prevents scar and fibrosis formation. Similar to the previous one, it makes an approach from the anterior
chamber of the eye to the subconjunctival space, with the formation of a filtration bleb. For its insertion, a
small conjunctival incision and ascleral flap are formed in order to make space for its implantation. Similar
to Xen Gel Stent, it is intended for moderate to severe forms of glaucomathat require greater IOP reduction.
Hypotony and choroidal ablation have been described as possible postoperative complications [25].

V. Other techniques and procedures

- Gonioscopy-Assisted Transluminal Trabeculotomy (GATT) is a MIGS procedure that allows
the formation of a 360° or smaller trabeculotomy through a clear corneal incision. A characteristic of this
technique is that it does not require a specific device. A flexible microcatheter suture such as 5-0 or 6-0
polypropylene monofilament is used to provide circumferential penetration into Schlemm's canal. Insertion
of the microcatheter into Schlemm'’s canal is done using gonioscopy. By tightening the suture, the trabecular
meshwork is circumferentially torn and a 360° trabeculotomy is formed. It is used in mild to moderate
primary open-angle glaucoma, but it can also be used in juvenile and pseudoexfoliative glaucoma. Side
effects can be transient hyphema and IOP spikes [26].

- Ab interno canaloplasty (ABIC) is a system for improving the outflow of the eye canal and
reducing IOP by targeting and viscodilatation of the Schlemm canal, trabecular meshwork and distal
outflow channels. During the procedure, a fiber optic microcatheter is used, which is inserted into the
anterior chamber through a clean corneal incision. By injecting a viscoelastic material, Schlemm'’s canal
and distal outflow tracts are dilated. In this way, IOP reduction is achieved with minimal tissue
manipulation in patients with mild or moderate glaucoma [27].

Efficiency

The main purpose of MIGS is to reduce IOP in patients with glaucoma. As we have already
mentioned, the most optimal outcome is achieved in patients with a mild or moderate degree of glaucoma
because the percentage of 10P reduction is lower compared to classical operative techniques. Several
studies have shown that the average reduction in IOP during these interventions ranges between 20-30% of
the initial value [28, 29]. The percentage of course depends on the type of intervention used and the
experience of the surgeon. One of the most commonly used MIGS devices - the iStent in clinical studies
has shown an average IOP reduction of 6-9 mmHg [30]. Higher values of reductions can be obtained when
these interventions are combined simultaneously with cataract surgery [31].

The effectiveness of MIGS is also seen in the reduction or complete exclusion of topical therapy in
glaucoma. In many patients in whom some type of MIGS has been performed, a significant reduction in
IOP has been achieved, thus reducing the need for additional medicinal preparations. Studies have shown
that up to 50% of patients after MIGS do not need any additional medication to control IOP [32, 33].

Another point where the efficiency of these procedures is perceived is in improving the quality of
life of the patient himself. This is primarily due to the rapid postoperative recovery, due to the small
incisions for the procedure and the reduced manipulation of ocular tissues. It has also been seen that patients
have less anxiety and stress when performing these procedures compared to classic surgical techniques,
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which of course leads to greater patient satisfaction. As we mentioned before, patients after MIGS have a
reduced need or no need at all for additional medications to lower 0P, which in turn improves their quality
of life. This is because, as is known, topical therapy for Glaucoma is often accompanied by side effects
such as eye irritation, redness, allergic reactions, etc. which disturb the comfort of the patient [34]. And of
course, when these procedures are combined with cataract surgery, not only does the IOP decrease, but the
patient’s vision improves as well [31].

Indication and contraindication

These procedures are mainly intended for patients with mild to moderate open-angle glaucoma in
whom topical medication and laser treatment have not provided the desired intraocular pressure control.
Also, such procedures are intended for patients who do not regularly adhere to the prescribed topical therapy
or who are intolerant to it due to the side effects of currently known types of drugs [35].

Each procedure has its own contraindications for performance depending on the ophthalmological
characteristics of the patient and expectations for improvement of intraocular pressure. However, a general
contraindication for all these procedures is a patient with advanced primary open-angle glaucoma who has
severe visual field disturbances. In addition to this type of glaucoma and some secondary glaucomas such
as: uveitic, neovascular or angle-closure glaucomas in which previous laser iridotomy was not performed
or it was unsuccessful [5, 36].

Interventions involving trabecular meshwork such as trabectom or iStent are contraindicated in
patients with pronounced anterior synechiae. On the other hand, in patients with chronic and difficult-to-
control uveitis and/or scleritis, procedures involving the supraciliary or suprachoroidal space, such as:
CyPass or iStent Supra, are contraindicated, because the intraocular inflammation itself may worsen, and
thus the surgical outcome may be failed [5].

Advantages, limitations and disadvantages

The main advantage of these interventions is their safety profile. That is, the significantly lower
percentage of possible postoperative complications compared to traditional surgical techniques [4, 35].
Another very significant advantage is the short time of postoperative recovery for the patient and return to
their daily activities in a shorter period. The minimally invasive nature of the interventions is also a great
advantage, allowing for less damage to ocular tissues and smaller incisions to perform the intervention. Due
to the existence of different types and approaches of MIGS, these interventions provide greater
individualization of the treatmentaccording to the needs of the patient and the severity of the disease [37].
Also, the improved quality of life is a great advantage of these interventions compared to topical
medications because the large number of side effects of topical medications are avoided as well as
freeing the patient from constant monitoring of timely and effective topical therapy.

Despite the great advantages, like any procedure, thisone also has its limitations and disadvantages.
A good knowledge of them is of great importance for the correct selection of patients who would benefit
the most from these procedures, and all in order to enable the most favorable treatment for patients with
glaucoma.

As we mentioned before, MIGS are mainly used in patients with mild or moderate degree of open-
angle glaucoma. Thus, in individuals with advanced glaucoma and those who have quite high intraocular
pressure, traditional surgical approaches such as trabeculectomy or valves would be more effective. Another
limitation isthat IOP lowering with these techniques ismore modest compared to trabeculectomy. Thus, in
patients with initially very high intraocular pressure, traditional surgical technigues have an advantage and
a better outcome [38]. The effectiveness of MIGS in the long term is a question that still has no answer to
date. In some patients, a decrease in the efficiency of the device has been observed over time, requiring
additional medical treatment or surgical intervention. The surgeon performing MIGS requires specialized
training and experience to perform the interventions correctly, leading to the need for additional education
and training. Some MIGS devices are quite expensive and are often not covered by health insurance, so the
cost falls on the patients. The cost, combined with the relatively new nature of these interventions,
sometimes leads to skepticism among patients to opt for this type of intervention [39]. Not in every patient,
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MIGS leads to the desired outcome in terms of IOP reduction and long-term maintenance, so in a certain
number additional therapy or other surgical intervention is necessary.

Postoperative course and outcome

MIGS generally have a favorable postoperative course, with rapid patient recovery, minimal
discomfort compared to traditional glaucoma surgical techniques, and a low risk of postoperative
complications. It is primarily due to the minimally invasive approach during these procedures, i.e.
maximum preservation of ocular tissues, no involvement of scleral or conjunctival tissue, which resultsin
a shorter healing period. In a few days after these interventions, patients can freely return to their daily
activities, while being advised to avoid strenuous activities such as swimming, demanding physical sports
or exposure to dust.

Postoperative care mainly includes topical antibiotic and anti-inflammatory therapy, supplemented
by regular monitoring of intraocular pressure. However, it should be noted that the percentage of IOP
reduction in this type of intervention is lower compared to traditional trabeculectomy and drainage
glaucoma devices. However, in patients with mild or moderate open-angle glaucoma, MIGS are quite
adequate in controlling 10P.

Another major advantage of these procedures is that the patient's quality of life is improved. By
achieving the desired 10P through MIGS, the use of numerous glaucoma medications is avoided, and thus
the patient is protected from the unwanted harmful effects of such preparations, which will ultimately lead
to satisfaction and improvement of the patient's daily life [37, 40].

Complications

One of the most important advantages of MIGS is that they have a fairly safe profile compared to
classical glaucoma surgical techniques. They have a much lower percentage of complicationsand a much
lower risk of events that would endanger the patient's vision, unlike classic interventions [5]. Common
complications in MIGS are: transient hyphema, inappropriate placement of the device, its obstruction or
migration, and postoperative short-term elevation of 0P [41] .

Transient hyphema is a self-limiting phenomenon that resolves within one to two weeks. The
topical application of a corticosteroid preparation is sufficient to reduce the inflammation and resorb the
hyphema faster. In patients with persistent or recurrent hyphema, it is necessary to wash the anterior
chamber [35, 42].

Postoperative 10P spikes is another frequent possible complication of these interventions, but it
is solved by the application of temporary topical or systemic anti-glaucomatous preparations. Mostly this
pressure spike is due to inflammation, residual viscoelastic material or obstruction of the device. In patients
with persistent elevated 10P, additional surgical interventions are sometimes required [43].
Complications such as hypotension, infection or suprachoroidal hemorrhage are quite rare in these
interventions.

Hyptonia can lead to choroidal ablation, maculopathy, or optic disc edema. Observation and anti-
inflammatory therapy are usually sufficient treatment to resolve this complication [44].
Endophthalmitis, although very rare, is still a possible complication of these interventions. Timely
intravitreal antibiotic therapy and/or surgical intervention such as vitrectomy is crucial to prevent
irreversible vision loss [45].

Suprachoroidal hemorrhage is also a rare but severe possible complication of MIGS that requires
conservative and/or surgical intervention for its resolution [46].

In order to avoid possible complications, appropriate selection of patients and surgical technique
as well as experience by the surgeon are necessary when performing these ophthalmic interventions, as well
as any others.

MIGS combined with cataract surgery
MIGS can be combined with cataract surgery at the same time in order to simultaneously solve two
ophthalmic problems with a single intervention. That is, not only the reduction of 10P but also the
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improvement of vision in those patients who simultaneously have both cataract and glaucoma[31]. Studies
have shown that combined treatment results in a reduction of IOP by as much as 15% to 35%, i.e. a lowering
of IOP by 15mmHg or more [47,48]. This percentage reduction is quite sufficient to slow down or stop the
glaucomatous process in a large number of patients. Through such acombination in treatment, better patient
care can be achieved. To reduce surgical interventions, and thus to improve the quality of life of the patient
himself. As well as reducing the economic burden on both the patient and the health system itself.

Combination of MIGS with digital monitoring tools

The combination of MIGS with digital technology is another major innovation in the field of
ophthalmology. Digital technology has enabled several tools through which 10P and post-surgical outcome
can be monitored in real-time in patients who have undergone some type of MIGS in order to ensure
individualized treatment and the most optimal outcome.

One of those tools is smart contact lenses, which are designed with sensors for continuous IOP
measurement. They are connected to an overhead device and allow monitoring of I0OP fluctuation
throughout the day. In this way, smart contact lenses can help in patients who have undergone some type
of MIGS in determining the long-term effectiveness of the intervention and the need for additional treatment
in those patients who need it [49].

Another type of tools are so-called 10P sensors like Eyemate® that are placed intraocularly during
MIGS performance and wirelessly transmit IOP fluctuation data to the patient's phone or doctor's device.
In thisway, IOP peaks can be promptly detected postoperatively, and thus better postoperative care can be
offered to patients who have undergone some type of MIGS [50].

Telemedicine as a concept can also serve post-operatively in patients with MIGS. Patients can
regularly report their symptoms, medication needs, or IOP values through mobile applications through a
telemedicine system, which will reduce the need for frequent visits to healthcare facilities [51].

Finally, artificial intelligence (Al) can have its application in patients who need MIGS. That is,
Al algorithms are under development that would help the surgeon choose the most appropriate type of
MIGS or other intervention based on anatomical features and disease progression [52]. In this way, the
outcome can be predicted more precisely and the surgical plan can be personalized for each patient, all in
order to achieve a better outcome in the long term.

Conclusion

MIGS is a major advance in the treatment of glaucoma, providing effective IOP reduction, with a
lower rate of postoperative complications and a faster recovery period compared to traditional glaucoma
surgical techniques. Thisresultsin a better quality of life for the patient himself. However, MIGS are not a
one-size-fits-all solution and are not suitable for every patient. Therefore, proper selection and monitoring
are necessary to achieve adequate results when performing these interventions. Further studies are needed
in the future to evaluate the sustained efficacy long term after performing some type of MIGS.
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