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Abstract: Microinvasive glaucoma surgery (MIGS) has emerged as a safer method to lower IOP with minimal impact on patient
quality of life compared to traditional glaucoma surgeries. With the advent of MIGS, there has been a renewed interest in exploring the
suprachoroidal route. MIGS targeting the suprachoroidal space allow for a safe reduction in IOP while sparing conjunctiva and
allowing “blebless” surgery, thus avoiding bleb-related complications. This article aims to review the rationale behind the suprachor-
oidal MIGS procedures and the literature surrounding the efficacy and safety of a novel suprachoroidal device, the MINIject. The
available literature has shown promising IOP lowering results with the MINIject implant with a potentially safer and less invasive
approach than traditional glaucoma surgeries.
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Background

Minimally Invasive Glaucoma Surgery

Glaucoma is the leading cause of irreversible blindness worldwide, with over 100 million people expected to suffer from the
disease by 2040." Lowering intraocular pressure (IOP) is currently the only modifiable risk factor in glaucoma progression
and is thus the target of glaucoma treatment.”* The advent of microinvasive glaucoma surgery (MIGS) has emerged as
a method to lower IOP with a higher safety profile and minimal impact on patient quality of life compared to traditional
glaucoma surgeries such as trabeculectomy and tube shunt surgery. These microinvasive procedures have allowed safer
interventional therapies at an earlier stage of disease. The variety of MIGS devices available are designed to enhance
aqueous humour outflow while typically being conjunctival sparing and minimally traumatic. Currently, this is done by
directly accessing Schlemm’s canal.* Along the spectrum of MIGS devices, a decreased safety profile is usually traded for
an increase in efficacy. The European Glaucoma Society defines only the ab interno non-bleb forming procedures as

»> Microshunts and stents that target the subconjunctival space — termed “microinvasive

“microinvasive glaucoma surgery.
bleb surgery (MIBS)” — are bleb—forming procedures. They have greater potency in lowering IOP but increased relative
risks compared with other types of internal MIGS; however, still considerably less invasive than traditional glaucoma
surgeries.® A third option for outflow target is the suprachoroidal space, which is considered a MIGS approach and has been
drawing more attention lately. Glaucoma surgeries targeting this space seem particularly promising by using a presumably

highly efficient whilst secure outflow route and avoiding subconjunctival filtration blebs.’

The Suprachoroidal Route in Glaucoma Surgery

The physiological outflow of aqueous humour from the anterior chamber (AC) occurs through two pathways: conven-
tional and uveoscleral. The conventional pathway involves aqueous humour flowing through the trabecular meshwork,
Schlemm’s canal, and eventually into the distal collector channels and aqueous veins. The uveoscleral pathway consists
of the interstitium of the ciliary body, the supraciliary and suprachoroidal spaces, and eventually, the choroidal and scleral
vasculature. The prevailing dogma has been that the uveoscleral outflow is responsible for a smaller percentage of the
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total elimination pathway. More recently, the uveoscleral outflow route has gained more attention as it has been shown
that this pathway is much more important than initially thought.® Thus, increased interest has arisen in developing
devices targeting this space.

The uveoscleral pathway may contribute roughly 10-60% of total aqueous outflow in human eyes and is relatively
pressure-independent.®'! In fact, in glaucomatous patients, the contribution of the uveoscleral pathway is thought to be
higher as there is possibly redirection from the conventional drainage pathway.'? Age has also been demonstrated to play
a significant role in uveoscleral drainage, and previous studies demonstrated that young individuals have a higher
uveoscleral flow than older ones.® The ciliary muscle constitutes an important factor determining outflow resistance, and
changes in its state of contraction directly influence total uveoscleral flow."

Anteriorly in the eye, the supraciliary space is located between the ciliary body’s outer surface and the sclera’s inner
surface. As this space extends posteriorly and becomes the space between the choroid and the internal surface of the
sclera, it is termed the suprachoroidal space. This was considered a potential space that only became visible or accessible
in pathologic conditions; however, recent advances in ocular imaging allowed for better visualization of the suprachor-
oidal space.'* The layers that compose the suprachoroidal space in normal individuals are approximately 35 pm thick and
contribute to IOP control by regulating choroidal protein flow through the sclera forming the uveoscleral outflow tract."”
Thus, the supraciliary/suprachoroidal space is a potential target for surgical treatment of glaucoma as it can increase
aqueous humour drainage by enhancing the natural uveoscleral outflow pathway.'®

Although a few ab interno supraciliary MIGS devices have been commercialized or are in development, targeting the
supraciliary space pathway is not a new concept. In the early 1900s, the creation of a cyclodialysis cleft to surgically
control intraocular pressure in patients with glaucoma was reported.'” Despite lowering IOP, this procedure was not
widely implemented as it was associated with prolonged hypotony and IOP spikes following spontaneous cleft closure.'®
With the advent of MIGS, there has been a renewed interest in exploring this route in a safer and more predictable way.
The advantage of targeting the uveoscleral pathway through an ab interno approach is sparing conjunctiva and allowing
“blebless” surgery, thus avoiding bleb-related complications. IOP elevation in the weeks after implantation should still be
observed. This could be related to the closing of the induced cyclodialysis cleft, which usually responds well to IOP-
lowering medication.

The CyPass Micro-stent (Alcon, Fort Worth, Texas, USA) was the first ab interno supraciliary device approved by the
FDA. A 1-year result of standalone CyPass implantation showed an IOP reduction of 34.7%, with an average reduction
of 0.8 medications per subject.' The 2-year COMPASS results showed sustained IOP reduction with significantly more
micro-stent subjects (77%) than controls (60%) achieving a 20% reduction in unmedicated diurnal IOP (p = 0.002). Mean
unmedicated IOP reduction from washed-out baseline was 7.4 mmHg for the micro-stent group versus 5.4 mmHg in
controls (p < 0.001), with 85% of micro-stent subjects not requiring IOP medications at 24 months. Analysis of the
S-year COMPASS-XT trial showed significantly more patients with endothelial cell loss (ECL) >30% in the cataract
surgery combined with Cypass group (27.2%) than the group of cataract surgery standalone (10.0%). These results led to

Alcon’s voluntary global market withdrawal of the micro-stent due to safety concerns.**!

The MINIject

Technical Specifications

MINIject (iISTAR Medical, Wavre, Belgium) is a 5 mm length microinvasive glaucoma drainage implant that targets the
supraciliary pathway of aqueous humor drainage. The implant has an oblong cross-sectional shape measuring 1.1 mm
x 0.6 mm, with a green-coloured ring positioned at 0.25 mm from the tip of the device to help with implant placement.
The device provides a controlled fluid path for the aqueous humor to drain from the AC to the suprachoroidal space
(Figure 1). The implant is made of STAR® material, a soft, biocompatible, non-degradable, medical-grade silicone that
conforms to the eye anatomy as an organized network of hollow spheres, creating a porous geometry (Figure 2). Each
MINTject has approximately 180,000 hollow pores in it. Thus, about two-thirds of the implant is empty space, and the
other one-third is silicone. It has been shown that there is very little fibrotic encapsulation surrounding the implant.**
Each pore size is uniformly 27um. This porous design encourages a natural flow speed, minimizing fibrosis and
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Figure | Schematic of the device in situ. © iSTAR Medical.

Figure 2 MiNlject device made of STAR material that is composed of an organised network of hollow spheres, creating a porous geometry. © iSTAR Medical.

maintaining implant performance. Over time, the bio-integration of surrounding tissue into the implant’s porous material
sustains drainage efficacy, mimicking the natural flow of fluid.** The device obtained CE marking in November 2021 and
an FDA investigational device exemption (IDE) clinical trial, STAR-V, has commenced enrollment.

Surgical Technique

The MINIJject is indicated in adult patients with open-angle glaucoma. Anesthesia can be done according to surgeon
preference, but a sub-tenon or retro/peribulbar block is usually recommended to enhance patient comfort. Ensure that the
patient’s head position and microscope tilt angle allow sufficient gonioscopic visualization of the iridocorneal angle. The
MINIject implant comes preloaded in a transparent sheath which is then to be connected to a handle (Figure 3). Sliding
the wheel on the handle allows for precise and intuitive positioning of the MINIject implant via an ab interno procedure.
A 2.0 mm temporal clear corneal incision 1.5 mm anterior to the limbus is recommended to allow for an adequate
approach angle into the supraciliary space. Intraoperative miotics are recommended. The AC should be filled with
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Figure 3 The MINlject implant comes preloaded in a transparent sheath which is then connected to a handle. © iSTAR Medical.

cohesive ophthalmic viscosurgical device (OVD, 1.4% or 1.8%, Healon GV® or Healon GV® PRO recommended), and
additional OVD should be used as necessary to maintain a deep and stable AC during the implantation process.

Immediately before entering into the AC with the device, the delivery tool safety lock should be unlocked, and the
roller wheel maintained in the forward position until the desired implant location is reached. The distal sheath is inserted
into the AC towards the nasal angle. Using a gonioprism to visualize the angle, the flexible sheath is gently advanced
between the scleral spur and the ciliary body (Figure 4), then into the supraciliary space by allowing the sheath to glide
along the sclera (“hugging the sclera”). The delivery sheath is advanced within the suprachoroidal space until the middle
of the green coloured ring on the implant is aligned with the scleral spur (Figure 5). The implant is released by slowly
rolling the wheel backwards (towards the surgeon) in several motions until a mechanical stop is reached, as this will
retract the sheath and lay the implant in place (Figure 6).

The correct implantation of the device should be verified by gonioscopic examination. The mid-portion of the green-
coloured ring should be at the level of the scleral spur (Figure 7). At this point, only 0.5mm of the device remains in the
AC. Complete removal of OVD should be performed.

Figure 4 Schematic showing the flexible sheath gently being advanced in between the scleral spur and the ciliary body while visualizing the angle with a gonioprism. © iSTAR
Medical.
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Figure 5 Image showing the delivery sheath being advanced within the suprachoroidal space until the middle of the green coloured ring on the implant is aligned with the
scleral spur. © iSTAR Medical.

Figure 6 Image illustrating the implant being released. © iSTAR Medical.

Peer-Reviewed Publications to Date

Published data include pre-clinical studies in rabbits and two human trials in predominantly mild-to-moderate glaucoma
patients (~90% of patients treated in clinical studies were classified as having mild-to-moderate glaucoma). The STAR-I
trial was the first-in-human trial, conducted in Panama and India, and the STAR-II trial that followed was a European
trial in Germany, France, and Spain. Summary of MINIject safety and efficacy data are presented in Table 1.

STAR- | Trial (6-Month Data)

In 2019, Denis et al** reported on a prospective, multicenter, interventional, and single-arm study to demonstrate the safety and
efficacy of MINIject (STAR-I). This study focused on eyes with open-angle glaucoma uncontrolled by topical hypotensive
medications and 25 eyes were treated. It was demonstrated that MINIject was able to significantly lower IOP and eliminate the
need for medication in most patients six months after surgery when implanted as a standalone procedure. At the onset of the trial,
mean medicated diurnal IOP at baseline was 23.2 (+0.6) mmHg (+standard error), and this decreased at six months to 14.2 (+0.9)
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Figure 7 Image illustrating the device correctly placed with the green-coloured ring at the level of the scleral spur. Image courtesy of Mr Chrysostomos Dimitriou (United Kingdom).

mmHg — representing a reduction of 9.0 mmHg or 39.1% (p < 0.0001). In addition, IOP lowering medications decreased from 2.0
(x1.1) (¢standard deviation) classes per eye at baseline to 0.3 (£0.7) classes at six months. Of note, 87.5% of patients were
medication-free, and 95.8% achieved a minimum 20% IOP reduction from baseline at six-month follow-up. Interestingly, there
were no white persons included in this study, and non-white ethnicity is a known risk factor for glaucoma surgery failure.>* There
was also a favourable safety profile with no ocular serious adverse events reported, no eye requiring a secondary surgical
procedure for complications or failure, and no device-related adverse events. Furthermore, mean endothelial cell density (ECD)
was constant comparing baseline (2411 cells/mm2) with 6-month (2401 cells/mm?2) results. However, of note, a six-month
follow-up is generally considered insufficient to adequately evaluate corneal ECD loss. The authors noted that the IOP reduction
in this study was numerically greater or similar to published six and twelve-month outcomes with other bleb-free, ab interno
standalone MIGS procedures.

STAR-II Trial (6-Month Data)

In 2020, Garcia-Feijoo et al*®

reported on a prospective, multicenter, interventional, and single-arm study to investigate
the safety and efficacy profile of MINIject in European centres (STAR-II). This study focused on eyes with primary
open-angle glaucoma uncontrolled by topical glaucoma medications and enrolled 31 eyes. The primary endpoint for this
study was a responder analysis of success >60% at 6 months. Success was defined as diurnal IOP between 5 and 21
mmHg with at least 20% reduction in diurnal IOP, regardless of medication use. At the six-month follow-up, the primary
endpoint was met in 75.9% (22/29) patients. Mean IOP decreased from a medicated baseline of 24.6 (+3.8) mmHg to
14.7 (£6.0) mmHg representing a 9.9 mmHg or 40.2% reduction (p < 0.0001). Moreover, IOP-lowering medications
decreased from 2.9 (£1.2) classes per eye at baseline to 1.0 (+1.3) classes or a 63.4% reduction in medications at six
months. Furthermore, there was no demonstrable significant mean decrease in corneal central ECD from 2235+419 cells/
mm? to 2120+£467 cells/'mm?®. These results were comparable to the STAR-I trial, although, in this study, additional
incisional glaucoma surgery was required in 9.7% of patients. Finally, two cases were aborted intraoperatively due to
difficulties in delivering the MINIject via a dual-operator delivery tool. Feedback from this trial led to the development of
a single-operator delivery tool to be used in future studies. Some mechanical improvements included modifying the tip
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Table 1 Summary of MINlject Safety and Efficacy Data

Study Subjects | Length of Mean IOP Medication Medication IOP ECD
Studied Time Decrease Decrease Free Rates <I8mmHg
Denis et al 2019 25 eyes 6 months Baseline: 23.2 +0.6 mHg Baseline: 2.0 £1.1 87.5% 83.3%* Mean ECD was
(STAR-I Trial six- 6 mo f/u: 14.2 £0.9 mHg 6 mo f/u: 0.3 0.7 constant
month (39.1% decrease) compared to
outcomes)? baseline
Feijoo et al 2020 29 eyes 6 months Baseline: 24.6 +3.8mmHg | Baseline: 2.9 1.2 55.2% 79.3% Mean ECD loss
(STAR-II Trial)®® 6 mo flu: 14.7 £6.0mmHg | 6 mo f/u: 1.0 £1.3 was 2%
(40.2% decrease)
Denis et al 2020 2| eyes 24 months Baseline: 23.2 #2.9mmHg | Baseline: 2.0 £1.1 47.6% 95.2% * Mean ECD loss
(STAR-I Trial two- 2 yr flu: 13.8 £3.5mmHg 2yrflu: 1.0 1.3 was 5%
year outcomes)?® (40.7% decrease)
Ahmed. 2021 14 eyes 36 months Baseline: 22.6 #2.1 mmHg | Baseline: I.5 Not 86% Mean ECD loss
(STAR-I three-year 3 yr flu: 14.4 £3 mmHg 3 yr flu: 0.9 disclosed was 4.5%
outcomes: interim (36% decrease) *Data from single
results at World center as
Glaucoma COVIDI9
Congress)?’ precluded the
collection of data
from other centers
Singh et al 2021 27 eyes 24 months Baseline: 24.6 £3.7 mmHg | Baseline: 2.9 Not 74% Mean ECD loss
(STAR-Il two year 2 yr flu: 15.5 £6.6 mmHg | 2 yr flu: 1.4 disclosed Complementary | was 7%
outcomes: interim (36.3% decrease) data presented
results presented at EGS 2022 by
at AAO)*® Philippe Denis

Note: *Qualified success.

shape, improving handle ergonomics, enhancing the packaging of the sheath to decrease implant movement during
transportation, and increasing operator control during implant release. The implant itself remains the same.

STAR-I Trial (2-Year Data)

In 2020, Denis et al*® published a two-year follow-up in 21 patients from the initial cohort of 25 treated patients in the
STAR-I trial. At the beginning of the trial, mean medicated baseline IOP was 23.2 (£2.9) mmHg which decreased to 13.8
(£3.5) mmHg after two years, representing a —40.7% reduction in IOP. Also, IOP lowering medications decreased from
2.0 (£1.1) classes per eye at baseline to 1.0 (£1.3) classes at two years post-implantation. Overall, all patients achieved
a 20% IOP reduction, with 48% of patients remaining medication-free at two years. Of note, no serious ocular adverse
events or secondary surgeries required for glaucoma management or device-related complications were reported. The
ocular adverse events occurring in less than one-third of patients were mostly transient inflammation and IOP elevation.
Mean ECD mildly decreased by 5% for matched eyes (2411 cells/mm? to 2341 cells/mm?), with no patient having greater
than 30% central ECD loss. The authors noted that the minimal ECD loss after 2 years might be due to MINIject’s soft
and conforming material, and its design which reduces the amount of material in the AC. Finally, quality of life
questionnaires showed a reduction or absence in all ocular symptoms representing a significant improvement in patient’s
quality of life. The authors once again noted that the IOP and medication reduction in this study were comparable to
other standalone MIGS devices targeting Schlemm’s canal or the supraciliary space.

Pre-Clinical Studies

The formation of low-permeability fibrous tissue around glaucoma implants represents a major challenge in delivering long-
term IOP reduction. In 2020, Grierson et al** performed an in vivo study in rabbit eyes to assess the ocular biocompatibility
and tissue integration of MINJject. Overall, no biocompatibility issues were identified through the six post-operative months
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in two rabbit studies. Histological analysis through the six post-operative months showcased that the implant was well
tolerated, despite the rabbit model being renowned for its aggressive inflammatory response.”> Minimal fibroplasia and
encapsulation were observed, with the implant becoming rapidly colonized by macrophages only via cell migration. No
evidence of fibrosis or dense connective tissue, which would limit aqueous humor passage, or device degradation were
observed. Clinical evaluation between the sham and test groups was similar, suggesting any reactions were due to the ab-
externo surgical technique necessary in this rabbit model, rather than the MINIject implant. Time-point analysis demonstrated
that the pore colonization, once established by 1 month, was stable throughout the study. Taken together, the minimal fibrous
encapsulation and stable cellular pore colonization point toward the implant’s longevity in delivering long-term IOP lowering.

Ongoing Trials and Interim Results

STAR-I Trial (3 Year Data)

In 2021, a three-year follow-up from the initial cohort of the STAR-I trial was presented at the 2021 World Glaucoma
Congress.”’ Preliminary results showcased a sustained IOP reduction of 36% from 22.6 (+2.1) mmHg at baseline to 14.4
(£3) mmHg at three-years post-implantation. In addition, there was a reduction in the number of IOP lowering
medications from 1.5 classes per eye at baseline to 0.9 classes at the three-year interval. In terms of success rates,
86% of patients achieved an IOP reduction >20% from baseline and 86% achieved IOP <18mmHg at three years. Mean
corneal ECD loss at the three-year interval was 4.5%, with no patient reporting a greater than 30% corneal ECD loss to
date. Of note, this dataset was extracted from a single-centre, and, given the global disruption of the COVID-19
pandemic, data collection and analyses from other centres were impeded. Only 14 eyes of the 25 initial eyes were
captured in this data analysis. Further data collection and analysis from other sites are expected at the four-year interval.

STAR-II Trial (2 Year Data)

Preliminary two-year follow-up data from the STAR-II trial of the initial 29 eyes were presented at the 2021 American
Academy of Ophthalmology.?® Results of 27 eyes demonstrated an IOP reduction of 36.3% from 24.6 (+3.7) mmHg at
baseline to 15.5 (£6.6) mmHg at the final follow-up visit at two years. Likewise, there was a reduction in the number of
IOP lowering medications from 2.9 per eye at baseline to 1.4 at the two-year interval. Success, defined as IOP<21mmHg
and >5mmHg with >20% reduction from baseline, was achieved in 78% of patients. Finally, utilizing ultrasound
biomicroscopy, no implant migration was observed at the twelve-month follow-up.

Pooled Data for Mean Corneal ECD

The corneal endothelial maintains stromal hydration via active pump functions and its barrier, thereby ensuring corneal
clarity.*® Loss of corneal endothelial cells is irreversible and results in corneal edema and bullous keratopathy, which in turn
reduces corneal transparency and decreases visual acuity. Increasing evidence demonstrates that corneal endothelial loss is
associated with glaucoma either through elevated IOP and direct mechanical compression, cellular toxicity associated with
long-term exposure to preservatives in [OP-lowering medications, and intraocular surgery.>® =2 Of note, recent studies have
shown patients with POAG and normal-tension glaucoma have lower corneal endothelial cell densities compared to healthy
controls, further highlighting the importance of minimizing any further loss due to intra-ocular surgeries.>*-**

Pooled data across the STAR-I, Il and III trials of 41 eyes at the two-year interval demonstrated a mean central ECD loss of 6%
from baseline. For standalone glaucoma procedures, like Preserflo (Santen Inc., FL, USA) and trabeculectomy, the mean ECD
loss ranges from 5.2% to 6.9% at one year.>> At the two-year interval, there were no MINIject patients with a mean ECD loss of
greater than 30%.%® In contrast, when comparing ECD loss in the COMPASS (CyPass), HORIZON (Hydrus), and iStent pivotal
trials at two years, the percentage of patients with mean ECD loss >30% ranged from 7.2% to 13.6%, depending on whether
cataract surgery was performed alone or combined with MIGS.**® The COMPASS-XT trial found a correlation between device
placement in the AC and ECL. The greater the length of the device in the AC, the greater ECL was noticed. When the CyPass
device was placed in its ideal position (no retention rings visible), the ECL rate was similar to controls. The Cypass stiffness could
also have contributed to ECL, assuming that the device would be located closer to the peripheral cornea due to the more vertical
orientation in the angle.?' One of the advantages of the MINTject is the soft material that easily conforms to the eye anatomy and
follows the curvature of the inner sclera. Also, the device is only 0.5 mm in the AC, with the green-coloured ring positioned at the
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level of the scleral spur. Issues regarding ECL are likely not a supraciliary space issue in general, but rather device design and
positioning related.

Conclusion

With the advent of MIGS, the suprachoroidal space has regained increased interest as a route for glaucoma surgery.
Targeting the uveoscleral pathway with the MINIject implant through an ab interno approach provides an opportunity for
lowering IOP by using a presumably efficient and secure outflow route with a more predictable and safer result. Long-
term studies with a bigger sample size are still warranted to evaluate the safety and durability of the effect and compare
short- and long-term outcomes of this procedure.

Avoiding subconjunctival filtration blebs is one of the main advantages of these procedures, thus reducing patient
recovery time and eliminating bleb-related complications. Clinical studies have shown promising IOP lowering results
with the MINIject implant, predominantly in patients with mild to moderate glaucoma with a potentially safer and less
invasive approach than traditional glaucoma surgeries. With these encouraging results, this area of glaucoma treatment
warrants further research towards more long-term data, as well as results in patients with severe glaucoma, to further
characterize the efficacy and safety profile of this device.
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