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Purpose: To investigate the efficacy of MINTject®

(suprachoroidal stent) in lowering intraocular pressure (IOP) in eyes following
failed filtering glaucoma surgery.

Methods: In this single-center retrospective study, 18 patients who had undergone suprachoroidal stent implantation after failed
filtering surgery were analyzed. Follow-up was at least 12 months, and surgical success was measured by 12-month postoperative
intraocular pressure (IOP), glaucoma medication, and revision surgery (criteria A: IOP <21 mmHg, IOP reduction >20%, no revision
surgery; criteria B: IOP < 18 mmHg, IOP reduction >20%, no revision surgery; criteria C: IOP < 15 mmHg, IOP reduction >40%, no
repeat surgery).

Results: After a follow-up period of 12 months, the mean IOP decreased from 27.11£5.65 mmHg to 15.94+9.56 mmHg (p<0.01). The
median 12-month postoperative IOP was 14.0 mmHg (IQR: 10.0-20.0 mmHg). The probability of surgical success was 66.66% for
criteria A and B and 50% for criteria C. The identical success rates for criteria A and B were due to overlapping responder groups in
this limited sample. Topical medication was significantly reduced from 4.06+1.08 to 2.13+1.36 (p<0.0001).

Conclusion: Supraciliary stent implantation provided an effective and safe treatment option for advanced glaucoma following failed
filtering surgery and demonstrated significant intraocular pressure reduction. However, the small sample size limits the generalizability
of these findings.

Keywords: intraocular pressure, CyPass Micro-Stent, MIGS, trabeculectomy, supraciliary, glaucoma drainage device

Introduction

Glaucoma is a multifactorial disease leading to retinal nerve fiber loss and progressive visual field defects.'* Lowering
intraocular pressure (IOP) is the main treatment approach to reduce the risk of nerve fiber loss.> Filtering surgeries such
as trabeculectomies or tube implantations have been proven effective in severe cases of glaucoma and in revision
glaucoma surgery, when medication or less invasive surgical techniques were not sufficient. Although IOP can be
significantly reduced over the long term, the success of filtering surgery is primarily limited by bleb failure due to
scarring or by endophthalmitis resulting from bleb infection.*

After bleb failure, there are several treatment options, all of which may be associated with some specific
disadvantages.

Repeating trabeculectomy can be performed but is usually associated with a higher rate of bleb failure compared to
the primary procedure. Glaucoma drainage implants, such as Ahmed, Baerveldt, or Molteno devices, have been shown to
lower intraocular pressure effectively and safely.’ In addition to the common risks following filtering surgery, trabecu-
lectomies are associated with a higher risk of postoperative hypotony. For example, the Tube Versus Trabeculectomy
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(TVT) study reported persistent hypotony in 13% of eyes treated with tubes, compared to 31% after trabeculectomy at 5
years follow-up.®

Beyond repeating trabeculectomy or tube implantation, a range of alternative surgical approaches has been explored
in the setting of failed filtering surgery. These include deep sclerectomy with mitomycin C,’ canaloplasty,® ab interno
trabeculectomy with the Trabectome,’ gonioscopy-assisted transluminal trabeculotomy (GATT),'° as well as minimally
invasive implants such as the PreserFlo® MicroShunt'' and the XEN® Gel Stent.'?

However, in addition to the common risks following filtering surgery, these tubes are associated with a higher risk of
postoperative hypotony.

An alternative surgical approach to conjunctival filtration is supraciliary stenting. Supraciliary devices, like the
CyPass Micro-Stent® (Alcon, Vernier-Geneva, Switzerland), use the uveoscleral aqueous outflow to lower IOP but
were withdrawn from the market in 2018 due to corneal endothelial cell loss."?

The suprachoroidal stent (MINTject®™; iSTAR Medical, Wavre, Belgium) is a new, silicone-based glaucoma implant,
approved in 2021, which is placed into the suprachoroidal space via the anterior chamber.'*'> Clinical trials have shown
a clinically significant IOP-lowering effect combined with a good safety profile. However, the long-term effect is still
unknown, as the longest follow-up in these studies was two years.'®

So far, its success has been demonstrated for surgically naive eyes, but not for eyes that have undergone failed
filtering glaucoma surgery.'’

This study aimed to evaluate the suprachoroidal device after failed filtering glaucoma surgery.

Methods and Materials

Study Design

This retrospective single-center study was based on data extracted from the electronic medical records of patients treated
at the Department of Ophthalmology, University Hospital of Cologne between 07/2023 and 03/2024. Suprachoroidal
stent implantation was performed in 38 patients during this period. Of these 38 patients, 18 were excluded because they
had not undergone prior filtering glaucoma surgery (eg, trabeculectomy or glaucoma drainage device), which was an
essential inclusion criterion for this study. Eighteen patients had previously undergone trabeculectomy, and two patients
had prior GDD implantation additionally. The location of the GDD were not mentioned in the medical records. Two
additional patients were excluded due to a follow-up period of less than 12 months. A flowchart summarizing the
inclusion and exclusion process is provided in Figure 1.

All included patients had a diagnosis of pseudoexfoliation glaucoma (PEX) or primary open-angle glaucoma
(POAG). No patient had a history of strabismus or refractive corneal surgery. Only one eye per patient was included
in the analysis.

The following pre- and postoperative parameters were considered: intraocular pressure (IOP), maximum IOP,
medication score, visual acuity, cup-to-disc ratio, follow-up time, and age.

Although the Goldmann applanation tonometer is considered the gold standard, IOP measurements were performed
consistently using the iCare® tonometer (IC200, Icare Finland Oy) throughout the study, both pre- and postoperatively,

due to logistical considerations in our outpatient setting and to lower risk of intraocular infections.

Total patients with
suprachoroidal stent implantation
(n = 38; 07/2023-03/2024)

|

I 1
Excluded: No history of glaucoma surgery Included for further evaluation

(n=18) (n=20)
l
T 1
Excluded: Follow-up <12 months Final study cohort
(n=2) (n=18)

Figure | Patient Selection Flowchart: This retrospective study included patients who underwent suprachoroidal stent implantation between July 2023 and March 2024.
From an initial cohort of 38 patients, 18 were excluded due to no history of prior glaucoma surgery, and 2 additional patients were excluded due to insufficient follow-up
(<12 months). The final study cohort consisted of 18 patients.
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Follow-up periods were defined as: first to third postoperative day (Day 1-3), 3 months (Day 60—120), 6 months (Day
150-210), and 12 months (Day 330-390).'®

The primary outcomes were measured by pre- and postoperative differences in IOP and medication score at several
time points surgical success was assessed using three pre-defined criteria, based on established literature: Criteria A (IOP
<21 mmHg, IOP reduction >20%, no repeat surgery) and Criteria B (IOP < 18 mmHg, IOP reduction >20%, no repeat
surgery) were derived from the Tube vs Trabeculectomy Study, while Criteria C (IOP < 15 mmHg, IOP reduction >40%,
no repeat surgery) followed World Glaucoma Association recommendations. These definitions were selected to provide
a stepwise assessment of efficacy in a high-risk, pre-operated cohort. A distinction between complete and qualified
success was not made, as medication use was analyzed separately. Hypotony (<6 mmHg) was considered surgical failure
(according to TVT Study, Gedde et al 2012).>'" Additionally, hypotony of <6 mmHg was regarded as a failure.

Inclusion and Exclusion Criteria

Eligible patients were identified from a surgical database and included if they met all of the following inclusion criteria:
(1) a documented history of failed filtering glaucoma surgery—defined as previous trabeculectomy or glaucoma drainage
device (GDD) implantation with insufficient IOP control, (2) a diagnosis of either primary open-angle glaucoma (POAG)
or pseudoexfoliation glaucoma (PEX), (3) a minimum postoperative follow-up period of 12 months, and (4) age of 18
years or older at the time of surgery.

Patients were excluded if they met any of the following criteria: (1) absence of prior filtering glaucoma surgery, (2)
follow-up duration of less than 12 months, (3) history of strabismus or previous corneal refractive surgery, which may
interfere with accuracy of tonometry, or (4) inability to obtain reliable visual field testing, due to either poor test
performance or advanced disease precluding meaningful perimetric data.

Surgical Procedure
The suprachoroidal implant is made of silicone-based material providing high biocompatibility.”® The stent implantations
were performed as described below, according to the instructions of the manufacturer:

General anesthesia or a sub-tenon block was performed to ensure sufficient anesthesia. A 2 mm temporal, clear
corneal incision was made 1.5 mm anteriorly to the limbus. After application of miotic drops and intracameral cohesive
viscoelastics, the iridocorneal angle was gonioscopically visualized by tilting the microscope. The suprachoroidal implant
was introduced into the anterior chamber using the delivery sheath of the delivery tool. The implant was then injected
into the supraciliary space: It was released by gradually rolling the deployment wheel of the delivery tool until the
implant was properly placed into the supraciliary space, while retaining 0.5 mm of it in the anterior chamber. Quadrant
selection was based on conjunctival integrity; areas with significant scarring from previous filtering surgery were
avoided. The nasal quadrant was preferred when available.

Postoperative treatment included topical corticosteroids (dexamethasone 0.1%) five times daily for the first week,
tapered over 4 weeks, and antibiotic eye drops (ofloxacin) three times daily for one week.

Statistical Analysis
Data were collected from patient records. Values were expressed as mean + standard deviation (SD). Baseline
characteristics and outcomes were analyzed using independent-samples Student’s ¢-test. When data were not normally
distributed, the Mann—Whitney U-test was applied. Normality was assessed using the D’ Agostino—Pearson test prior to
selecting the appropriate statistical test.

Cases with missing postoperative data at specific time points were excluded from the respective analysis but included
in the demographic and baseline summaries.

All analyses and data presentations were performed with Excel (Microsoft Office Excel 2016, California, USA),
SPSS v. 22 (IBM, Chicago, Illinois, USA), and GraphPad Software (GraphPad Prism 7, Inc, La Jolla, USA). Statistical
significance was set at p<0.05. Other levels of significance were p<0.01, p<0.001, and p<0.0001.
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Results

After applying the respective inclusion criteria, 18 eyes from 18 patients with complete 12-months follow-up were
included in the analysis. In two cases, revision surgery was indicated immediately after the 3 months follow-up visit. The
baseline characteristics of the group are shown in Table 1. During surgery, the implant was successfully placed into the
supraciliary space in all patients.

Postoperatively, the placement of the implant was monitored. During all examinations the correct placement of the
implant was confirmed in all eyes except for two cases. In those cases, the implant had to be repositioned during the first
postoperative month.

A dislocated implant was immediately repositioned during the same surgical session by implanting it into a more
nasal supraciliary quadrant after identifying suboptimal placement. No additional incisions were required.

The surgical outcome was determined by criteria A, B and C, representing the postoperative range of IOP. Criteria
A and B were met in 12 of 18 cases (66.66%). Criteria C were met in 9 of 18 cases (50.00%), reflecting the more
stringent criteria of a postoperative IOP of at least 15 mmHg, an IOP reduction of at least 40%, and no repeat surgery.

Due to the retrospective nature of the study and incomplete IOP and medication data at interim visits (eg, 3 and 6
months), surgical success was evaluated at the 12-month follow-up only. A time-to-failure analysis (eg, Kaplan-Meier)
was not feasible in this dataset.

The mean IOP at the 12-month follow-up was 15.94+9.56 mmHg, which was significantly different from the
preoperative value (27.114+5.65 mmHg; p<0.01) (Figure 2). The standard deviation reflects high interindividual varia-
bility, which may be attributed to the advanced disease stage and previous surgical interventions.

Table | Baseline Characteristics of the Study Cohort

Miniject Implantation Following
Glaucoma Surgery
n=18

Age (refers to the age at the time of suprachoroidal stent implantation) (years) 69.11£10.41
Caucasian 18/18
Maximum preoperative IOP (mmHg) 31.8+£8.9
Actual preoperative IOP (mmHg) 27.11£5.6
Medication score initial 4.05+1.07
Glaucoma subtype

Primary open angle (n) 10/18

Pseudoexfoliation (n) 8/18
Phakic status

Pseudophakic (n) 15/18

Phakic (n) 3/18
Glaucoma surgery

Trabeculectomy 18/18

Baerveldt Tube 2/18
Baseline C/D ratio 0.83+0.06
Follow up time (months) 12
Baseline BCVA (logMAR) 0.21%£3.6
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Figure 2 Course of IOP during the first year after surgery. Values are presented in mmHg with SD in bars.

" 50~
2 e 12 months
é 40+ o — = 20% reduction
& 304 P +++= 40% reduction
2 e — no reduction
€ 20- T
€ o8 e
c ot
= 10- [ ]
o) o’ o ® .
- 0 I ] 1 1
0 10 20 30 40 50

IOP in mmHg Pre

Figure 3 X-axis: preoperative IOP in mmHg, Y-axis: IOP in mmHg one year after surgery; Lines represent the relative IOP reduction (0%; 20%, 40%).

The relative IOP reduction at the last follow-up averaged 37.844+41.21% (Figure 3).

The postoperative IOP differed significantly from the baseline value at all postoperative examinations, which were
performed on the first postoperative day (11.28+4.54 mmHg, p<0.0001), 3 months (19.91£11.94 mmHg, p<0.05), and 6
months after surgery (13.45+8.58 mmHg; p<0.01) (Figure 2). The topical medication score was reduced from 4.06+1.08
preoperatively to 2.13+1.36 postoperatively (p<0.0001).

The medication score represents the number of topical glaucoma medications used.

The mean time interval between failure of previous glaucoma surgery and implantation of the suprachoroidal device
was 5.1+4.3 years.

In some patients with surgical failure, additional laser or surgical treatment was considered necessary during follow-
up. In total, 6 of 18 patients (33.3%) required additional surgical intervention during follow-up: 5 patients received
Baerveldt implants and 1 patient underwent cyclophotocoagulation.

In two cases, the suprachoroidal stent required surgical replacement due to luxation into the anterior chamber. In one
patient, the luxation was detected during the first postoperative examination. The implant was dislocated and appeared
inferiorly in the anterior chamber. It was immediately repositioned during the same surgical session by implanting it into
a more nasal supraciliary quadrant after identifying suboptimal placement. No additional incisions were required.

Clinical Ophthalmology 2025:19 heeps: 3231
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Table 2 Complications 12 Months After
MINlject Implantation with the Respective
Relative Values

Complications N=18
Hyphema 5 (27.77%)
Stent luxation 2 (11.11%)
Retinal ablation, endophthalmitis 0
Hypotony 2 (11.11%)

In the second case, gonioscopy revealed partial extrusion of the implant within one month of implantation. Although
the implant was revised, the intraocular pressure (IOP) remained elevated, necessitating the subsequent implantation of
a glaucoma drainage device within the next 3 months. In total, 5 Baerveldt implantations were considered necessary: in 2
patients 3 months, and in 3 patients 12 months, after the initial suprachoroidal stent implantation. In one case,
cyclophotocoagulation was performed 3 and 6 months postoperatively due to elevated intraocular pressure.

No severe complications, such as endophthalmitis or retinal detachment, occurred in the study group. As early
complications, slight postoperative intracameral bleeding was noted in 5 cases (27.78%), and postoperative hyphema
(11.11%) occurred in 2 cases. It was absorbed without further intervention (Table 2). Hypotony was observed in 3 cases
(16.66%) and resolved within 12 months in 2 cases. In one patient, hypotony persisted at 5 mmHg until the last follow-
up. Visual acuity in the two cases with persistent hypotony restored from 0.1 to 0.2 logMAR preoperatively to 0.2 and 0.2
logMAR at 12-months follow-up, respectively.

The baseline mean deviation (MD) was —13.94+6.5 dB, indicating advanced visual field loss.

Discussion

This retrospective study presents preliminary results assessing the efficacy and safety of suprachoroidal stent implanta-
tion following failed filtering surgery with a follow-up of 12 months. The surgical outcome, with a success rate of
66.66% for criteria A and B (IOP <21 mmHg, IOP reduction >20%, no repeat surgery), and a success rate of 50% for the
more stringent criteria C (IOP < 15 mmHg, IOP reduction >40%, no repeat surgery), demonstrates a clinically mean-
ingful finding. There were, however, some revision surgeries necessary throughout the follow-up period, including two
cyclophotocoagulations in one patient (n=1; 5.5%) and five drainage glaucoma implants (n=5; 27.7%).

Most complications were mild to moderate (intracameral bleeding, n=5; hyphema, n=2; hypotony, n=3), one of which
was persistent hypotony. Regarding the reoperation rate, we must consider the severe preoperative condition of the
included eyes in this study. All patients had progressed glaucoma, a prolonged history of topical treatment, and prior
filtering glaucoma surgeries. There is still no standardized treatment approach for this complex preoperative situation.

There are some conventional surgical strategies that are usually considered when topical therapy is insufficient and
there is a history of glaucoma surgery. Depending on the conjunctiva’s condition, including vascularization, fibrosis, and
mobility, surgical options would include repeat trabeculectomy with anti-proliferative mitomycin or 5-fluorouracil, as
well as filtering implants, all of which are known to be associated with even higher rates of failure in revision surgery.?'
Severe complications like hypotony, choroidal hemorrhages, and blebitis may also occur.* In cases of failed trabecu-
lectomy, various secondary surgical approaches have been described, including repeat trabeculectomy with adjunctive
antimetabolites, glaucoma drainage device implantation, and cyclodestructive procedures. These approaches differ in
invasiveness, complication profile, and long-term efficacy, and are often influenced by conjunctival status and previous
scarring.

The suprachoroidal stent was approved in 2021, and its efficacy and safety have been demonstrated in first clinical
trials.'*'> It effectively reduced IOP and was FDA-approved and CE-certified in Europe. It uses the alternative uveal-
outflow mechanism, bypassing the trabecular meshwork, the Schlemm canal, as well as the subconjunctival space. Unlike
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conventional filtering surgical options (eg, XEN®, PRESERFLO®, trabeculectomy, glaucoma drainage implants), it is
independent of a subconjunctival filtration zone and should be less prone to scarring.

Glaucoma drainage devices like the Ahmed-, Baerveldt-, or Molteno-devices offer an effective and safe technique to
lower intraocular pressure in advanced glaucoma.’ Their effective lowering of intraocular pressure provides an alter-
native for eyes with previously failed trabeculectomy. The Tube vs Trabeculectomy study evaluated the implantation of
the Baerveldt implant following unsuccessful filtering surgery and reported substantial rates of early and late complica-
tions (21%; 34%).” Secondary implantation after the failure of an initial tube device can also present challenges, as
increased complication rates have been documented in such cases, largely attributed to the inferior placement of the
subsequent tube.*

Our study demonstrated a mean intraocular pressure (IOP) reduction of 37.84%+41.21%, resulting in a mean IOP of
15.94+9.26 mmHg. By comparison, IOP values after tube implantation were slightly lower, averaging 12.5+3.9 mmHg
one year postoperatively.” The cumulative probability of failure within the first year of follow-up was 3.9% in the tube
group, which is lower than the corresponding rate observed one year after suprachoroidal stent implantation in our
study.”® It is worth noting that the standard deviation (SD) was significantly higher in the suprachoroidal stent cohort of
our study. This could be attributed to 3 cases with elevated intraocular pressure (IOP) at the 12-month follow-up, who
underwent subsequent Baerveldt implantation. Three cases presented persistent hypotony (5-6 mmHg) throughout the
follow-up. As effective as they may be compared to filtrating surgery without implants, glaucoma drainage devices bear
an elevated risk of severe postoperative hypotony and visual loss. Another long-term risk is corneal decompensation due
to the tube located in the anterior chamber.?*

To minimize complications of glaucoma surgery, minimally invasive bleb surgeries (MIBS) were developed. Filtering
implants like the PRESERFLO®™ or XEN® were developed to reduce hypotony and hemorrhage. They also reduced
recovery time by minimizing surgical trauma and by standardizing surgery.”>® Nevertheless, they still rely on the
classical outflow path, with its long-term limitations, including subconjunctival fibrosis and bleb-related
endophthalmitis.*’

Compared to repeat trabeculectomy, which may result in lower IOP but is associated with higher complication rates
and lower success in revision settings, suprachoroidal stent implantation provides a less invasive alternative without bleb-
related complications. In the Tube vs Trabeculectomy study, failure rates for repeat filtering surgery remained significant,
especially in eyes with compromised conjunctiva.’ Our results suggest that suprachoroidal stent implantation may
represent a viable and safer second-line option in such scenarios.

The stent used in this study is not the first supraciliary stent to be introduced. Stand-alone surgery with implanting the
CyPass® Micro-Stent (Micro-Stent) showed a remarkable IOP lowering from 22.6+6.7 mmHg at baseline to 16.7
+3.8 mmHg (—17.7%) after 2 years and to 16.9+4.2 mmHg (—16.9%) after 3 years. Glaucoma medication could be
reduced from 2.2+1.2 to 1.8£1.2 after 2 years (n=120), and to 2.0£1.2 after 3 years (n=112).%’

In contrast to our cohort of patients with advanced, pre-treated glaucoma, studies of suprachoroidal stent implantation
in treatment-naive eyes have reported lower mean IOP values and narrower standard deviations. For instance, a meta-
analysis of the STAR trials reported a mean IOP of 14.4+4.5 mmHg at 24 months in eyes without prior surgery. These
findings underscore the more challenging baseline condition of the eyes included in our study. A separate study
investigating Cypass Micro-Stent implantation in 20 eyes with a history of glaucoma surgery demonstrated similar
levels of IOP reduction (32.9%, with a mean IOP of 15.1+4.0 mmHg at 12 months) to those observed in our study. In
contrast to the aforementioned study, our standard deviation was higher, which is attributable to some postoperative
failures with high eye pressure above 30 mmHg. In these cases, Baerveldt implantation was planned within the next few
weeks (27.7%/n=5).

Due to corneal endothelial cell loss following Cypass Micro-Stent implantation, the manufacturer’s sale has been
discontinued, resulting in the stent used in this study currently being the only suprachoroidal ab-interno implant approved
in Europe. Currently, no studies are available that investigate the effects on corneal endothelial cells following
suprachoroidal stent implantation used in this study. In our study, we did not observe any corneal opacification.

Depending on the eye’s functional status, patient age, comorbidities, and intraocular pressure, cyclodestructive
procedures may represent a reasonable therapeutic approach. However, these procedures carry risks such as hypotony,

Clinical Ophthalmology 2025:19 heeps: 3233



Liike et al

visual deterioration, and phthisis bulbi.* The advantages, however, include a significantly simpler surgical technique and
lower perioperative morbidity, particularly in older or more comorbid patients.

Future studies should aim to include quality of life (QoL) metrics and patient-reported outcome measures to capture
the broader clinical benefit of this minimally invasive procedure beyond IOP control.

Several limitations must be acknowledged when interpreting our results. First and foremost, the retrospective nature
of this study imposes inherent constraints compared to prospective studies. Our medical data were extracted from
medical records rather than standardized study protocols, which could affect data consistency. No control group means
that our IOP results reflect relative success rates, as the untreated IOP remains unknown. The reported IOP data included
topical medication, which was prescribed at the discretion of the investigators. Some elderly patients did not return for
follow-up visits at the tertiary care center (n=1), although the impact of this bias was low. The objective of this study was
to evaluate early postoperative outcomes, for which a 12-month follow-up period was deemed appropriate. These
findings can provide a basis for future randomized-controlled trials to assess the safety and efficacy of suprachoroidal
stent implantation for long-term outcomes following filtration surgery. In summary, this study is limited by its retro-
spective design, lack of control group, relatively small sample size, and short follow-up of 12 months. Nevertheless, it
offers preliminary real-world insights into the performance of the MINIject device following failed filtering glaucoma
surgery.

In conclusion, considering the results of this study, suprachoroidal stent implantation after filtration surgery appeared
to be an effective approach for managing advanced pre-operated glaucoma, representing an alternative to repeat
trabeculectomy or tube implantation. However, the findings of this study must be interpreted in light of its limitations,
including its retrospective single-arm design, lack of a control group, and a relatively short follow-up period of 12
months. It demonstrated a promising potential for lowering IOP and reducing the need for IOP-lowering medication,
combined with a tolerable risk profile in demanding glaucoma cases. Finally, the implantation of a supraciliary stent does
not preclude the possibility of using glaucoma drainage devices or trabeculectomies in the future, making it an even more
attractive option in desperate cases.

Abbreviations
IOP, intraocular pressure; BCVA, best corrected visual acuity; SD, standard deviation of mean; POAG, primary open-
angle glaucoma; PEX, Pseudoexfolation.
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