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Abstract
Minimally Invasive Micro Sclerotomy (MIMS) is an ab interno subconjunctival bleb-forming stent-less device de-
signed to reduce intraocular pressure (IOP) in subjects with open- angle glaucoma (OAG). This 42-month prospec-
tive follow-up extension study was aimed at reporting the long-term outcomes of MIMS as a standalone procedure or 
combined with phacoemulsification.

Thirty MIMS-treated eyes for primary OAG or pseudoexfoliative glaucoma (PXFG) with uncontrolled IOP >21 
mmHg on tolerated topical medication at baseline that showed ≥20% IOP reduction at Month 12 follow-up visit in 
the prior trial and additional 18 eyes considered as failures were included in the overall success and survival anal-
ysis. The mean (±STD) baseline IOP (27.3±3.2 mmHg) was reduced by 33.0% to 17.8±5.9 mmHg and by 37.4% to 
17.0±4.6 mmHg at Month 36 and 42 visits, respectively. Qualified success of ≥20% IOP reduction on the same or 
fewer hypotensive medications was achieved in 54.2% eyes (47.4% for MIMS stand-alone and 80% for phacoemul-
sification-MIMS). Complete success of ≥20% IOP reduction with no hypotensive medications was observed in 39.6% 
of the MIMS-treated eyes (31.6% for MIMS stand-alone and 70.0% for phacoemulsification- MIMS). Between 12 and 
42 months, 9.2% eyes were reoperated for glaucoma and 2.5% eyes had 20% endothelial cell loss without corneal 
edema, attributed to patient’s age and health condition.

These findings demonstrate the long-term (up to 3 years) effectiveness and safety of the MIMS device for OAG and 
PXFG patients, both as a standalone procedure and in combination with phacoemulsification, positioning it as a 
viable choice for minimally invasive surgical intervention.

https://doi.org/10.63620/MKSSJOEC.2025.1030

Abbreviations
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•	 CSR: Clinical Study Report
•	 GDD: Glaucoma Drainage Device
•	 EC: Ethical Committee
•	 ECC: Endothelial Cell Count
•	 ECD: Endothelial Cell Density
•	 EGS: European Glaucoma Society
•	 IEC: Institutional Ethical Committee
•	 IOP: Intraocular Pressure
•	 MCID: Minimal Clinically Important Difference
•	 MIBS: Minimally Invasive Bleb Surgery
•	 MIGS: Minimally Invasive Glaucoma Surgery
•	 MIMS®: Minimally Invasive Micro Sclerostomy
•	 OCT: Optical Coherence Tomography
•	 OVD: Ophthalmic Viscoelastic Device
•	 PAS: Peripheral Anterior Synechiae
•	 PCIOL: Posterior Chamber Intraocular Lenses
•	 PEXG: Pseudo exfoliative Glaucoma
•	 PG: Pigmentary Glaucoma
•	 PKP: Penetrating Keratoplasty
•	 PO: Post Operation/ Post-Index Procedure
•	 POAG: Primary Open Angle Glaucoma
•	 PROM: Patient-Related Outcome Measures
•	 RCT: Randomized Clinical Trial
•	 SAE: Serious Adverse Event
•	 SD: Standard Deviation

Introduction
Glaucoma, the leading cause of irreversible blindness world-
wide, is an optic neuropathy characterized by the progressive 
degeneration of retinal ganglion cells [1,2]. The prevalence 
of open-angle glaucoma (OAG) and angle-closure glaucoma 
(ACG) climbed from about 60 million individuals in 2010 to 
nearly 80 million in 2020 and is anticipated to reach over 110 
million by 2040 [3, 4]. Although glaucoma has multiple contrib-
uting factors, the only effective way to slow its progression is 
by lowering the associated elevated intraocular pressure (IOP). 
The first-step management of glaucoma typically involves top-
ical eye drops and laser trabeculoplasty. While incisional sur-
geries, such as trabeculectomy and glaucoma drainage device 
implantation, are effective in reducing IOP, they come with signifi-
cant drawbacks [5-8]. These include specific surgeons’ specializa-
tion, extended surgical and recovery periods, frequent follow-up 
requirements and fluctuating postoperative IOPs [9]. As a result, 
these surgical approaches are generally reserved for patients with 
advanced disease requiring more aggressive treatment.

Minimally invasive glaucoma surgery (MIGS) has grown in-
creasingly popular over the past decade. These microsurgical 
procedures are typically classified based on their mechanism of 
action: improving aqueous humor outflow through the trabecular 
meshwork, diverting it to the subconjunctival or suprachoroi-
dal space, or reducing its production. These minimally invasive 
procedures have shown promising results, delivering effective 
outcomes with minimal trauma, a high safety profile, short oper-
ation times, and rapid patient recovery [10, 11]. 

MIGS are Often Performed Alongside Cataract Surgery
However, since the reduction in intraocular pressure (IOP) 
achieved through MIGS is generally less significant than that of 
trabeculectomy or glaucoma drainage devices (GDDs), its use 
is typically limited to patients with mild to moderate disease. 

These patients may have uncontrolled IOP despite medical or la-
ser therapies or face challenges such as poor adherence, intoler-
ance, or restricted access to medical treatments, leaving them with 
limited options [12, 13]. Surgery may be indicated for people who 
continue to show progressive vision loss despite maximal medical 
therapy, are intolerant of glaucoma medications, or have difficulty 
adhering to medical treatment plans. For moderate to severe glau-
coma, minimally invasive bleb surgery (MIBS) or conventional 
or incisional glaucoma surgery may be performed [14].

The Minimally Invasive Micro Sclerostomy (MIMS), developed 
by Sanoculis Ltd. (Kiryat Ono, Israel) is an innovative stent-less 
ab interno subconjunctival bleb-forming stent-less device. As a 
minimally invasive bleb surgery, the MIMS device creates a new 
subconjunctival outflow pathway of ~100 microns in diameter for 
eye fluid drainage, connecting the anterior chamber to the subcon-
junctival space [14]. MIMS procedure is a less invasive alternative 
to conventional incisional glaucoma surgery (e.g., trabeculectomy).

Preclinical studies conducted both in vitro and using an experi-
mental porcine model demonstrated consistently high levels of 
safety, feasibility, and efficacy [15].

Subsequently, a prospective, open-label, single-arm trial was 
conducted, involving 120 patients who underwent either a stand-
alone MIMS procedure (n = 100) or a combined phacoemulsifi-
cation-MIMS procedure (n = 20). The 12-month results indicat-
ed that MIMS procedure is a relatively efficacious and safe for 
patients with OAG and uncontrolled IOP and may be considered 
in cases requiring surgical intervention [16, 17]. The current 
study aims to expand upon the conclusions of that clinical trial 
by further evaluating the safety, performance, and efficacy of 
MIMS for an extended follow-up period of up to 42 months.

Methods
Setting and Design
This is a prospective, observational, follow-up extension study, 
registered at ClinicalTrials.gov, for subjects originally treated as 
part of a prospective, single-arm, single-center (Ophthalmologic 
Center after S.V. Malayan, Yerevan, Armenia), open-label study 
with intra-subject comparisons (ClinicalTrials.gov Identifier: 
NCT04503590). The design was based on prior preclinical and 
clinical experience with the MIMS device, which has under-
gone exhaustive preclinical and clinical testing, as well as the 
published recommendations of the World Glaucoma Association 
(WGA) guidelines on design and reporting of glaucoma surgical 
trials, and ANSI Z80.27-2014(R2019) Standard for Implantable 
Glaucoma Devices. The study was approved by the local Indepen-
dent Ethics Committee of S. Malayan Eye Center, Yerevan, Arme-
nia, and conducted in accordance with the Declaration of Helsinki, 
Good Clinical Practice, ISO 14155:2020 standard, and the local/na-
tional guidelines and regulations of the S. Malayan Eye Center.

Patient Selection
The cohort consisted of patients who fulfilled the following cri-
teria: prior MIMS surgery; 18– 85 years old; ability and will-
ingness to attend at least one of the scheduled follow-up visits, 
(optionally all), understanding and signing the informed con-
sent. Subjects were excluded if met any of the following criteria: 
withdrawal from the previous study; any ocular surgery since the 
MIMS surgery in the study eye; severe trauma in the study eye 
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since the MIMS surgery in the study eye; current participation 
in another investigational drug or device clinical trial or partic-
ipation in such trial within the last 30 days before enrollment 
into the study; pregnant or lactating women. Eligible subjects 
attended the 36- and 42-month post- treatment follow-up visits 
between 02 December 2022 and 13 August 2023. Additional 18 
eyes defined as failures in the prior 1-year study, although not 
being invited for additional assessments during the course of this 
study, were included in the 3-year performance / effectiveness 
analysis of success rates and the Kaplan-Meyer survival analysis. 
Thus, in total, 48 eyes, including 38 eyes treated with MIMS® 
alone and 10 eyes treated with combined MIMS®-phacoemulsi-
fication, were included in these two analyses.

MIMS Procedure
The full methods used in the prior 12-months study have been 
previously published [16, 17]. To briefly recap, the marketed 
CE-marked (under MDD, 93/42/EEC) MIMS device was pro-
vided by Sanoculis Ltd, comprising a sterile, disposable surgical 
device (A32-000) and a repeated-use activation device (AS1000 
or AS1001) that manages the activation pulse duration and rota-
tions per minute, a motor, and a footswitch. In all cases, whether 
as a stand-alone procedure or in combination with clear corneal 
incision cataract surgery using phacoemulsification and poste-
rior-chamber IOL implantation a subconjunctival injection of 
0.1 mL Mitomycin C (MMC) 0.02% was given 1 h before the 
procedure. Ocular viscoelastic agent (Viscoat, Alcon Laborato-
ries, Inc., Fort Worth, TX) was injected into the subconjunctival 
space at the superonasal quadrant for potential accommodation 
of the protruded surgical tool during the procedure.

A temporal paracentesis of 1.5 mm was created. The MIMS device 
was then inserted ab-interno into the anterior chamber through the 
small clear temporal corneal incision, with the tip positioned at the 
superior angle, above the trabecular meshwork. A thin cylinder of 
sclero-corneal tissue was removed, creating a drainage channel 
connecting the anterior chamber to the subconjunctival space.

Study Protocol
The study eyes were evaluated at the following postoperative 
visits: Month 36 (± 3 months) and Month 42 (± 3 months), with 
all data recorded within the Case Report Forms per visit. Mea-
surements performed at all visits included automated refraction 
test, best-corrected visual acuity (BCVA) evaluation using an 
ETDRS chart, a comprehensive biomicroscopic examination in-
cluding IOP, gonioscopy, a dilated fundus examination with op-
tic disc assessment, and a thorough retinal examination directed 
toward identifying pathologies. Complications / adverse events 
were documented per visit.

All IOP measurements were performed using a calibrated Gold-
mann applanation tonometer (Haag Streit, Berne, Switzerland) 
during the morning hours. Two IOP measurements were taken 
at each study visit and the average was recorded; a third IOP 
measurement was taken if the difference between the first two 
was more than 3 mmHg and the average of the two closest mea-
surements was recorded.

Outcome Measures
The selected outcome measures were designed to evaluate per-
formance based on well- established and widely recognized ef-

ficacy and safety criteria for surgical treatments of glaucoma. The 
primary efficacy endpoint was the IOP levels at Months 36 and 42.

Further assessment of efficacy was based on the proportion of 
patients meeting the criteria of different definitions of complete 
(with no medications) and qualified success (on the same or few-
er medications), not requiring any reoperation for glaucoma or 
having hypotony (IOP<5 mmHg). For all eyes, for calculating 
the surgical success rates, the last visit data was included in the 
“3-year” data analysis, as the worst-case scenario, i.e., the data 
collected from Month 36 and Month 42 visits were pooled into 
the 3-year performance analysis, based on the assumption that 
the performance outcomes at Month 42 are either stable or have 
worsened compared to Month 36.

The secondary efficacy endpoints were the proportion of sub-
jects achieving ≥20% reduction in IOP from baseline at 3 years. 
A 20% reduction in IOP serves as the effectiveness endpoint rec-
ommended by the United States Food and Drug Administration 
(FDA) for implantable MIGS devices [18]. Additional success 
criteria were included based on the recommendations of the ex-
pert panel of American Academy of Ophthalmology’s Glaucoma 
(AAOG) Preferred Practice Pattern® (PPP) Committee, which 
has suggested to define the clinically meaningful endpoint for re-
porting in clinical trials with standalone MIGS as surgical success 
of at least 50% with IOP of 21 mmHg or less and reduced by 20% 
or more from baseline without an increase in glaucoma medica-
tions, additional laser or incisional glaucoma surgery, loss of light 
perception vision, or hypotony, or a minimum of 50% medication 
free subjects, the European Glaucoma Society (EGS) Guide on 
Surgical Innovation for Glaucoma 2023 target IOP recommen-
dations for the minimal clinically important difference (MCID) 
for surgical interventions for glaucoma, including the use of more 
than one set of criteria in presentation of data, or a minimum of 
20%-30% medication free subjects, and the WGA Guidelines on 
Design and Reporting of Glaucoma Surgical Trials [19-21]. 

The EGS- recommended additional success criteria included the 
proportion of subjects achieving≥25% reduction in IOP from 
baseline, proportion of subjects achieving a mean IOP ≤ 21 
mmHg and a ≥25% reduction in IOP from baseline and propor-
tion of subjects achieving a mean IOP ≤ 18 mmHg and a ≥30% 
reduction in IOP from baseline, at 3 years. Additional criteria were 
the proportion of subjects achieving ≥20% reduction in IOP from 
baseline or IOP ≤21 mmHg, proportion of subjects achieving a 
mean IOP ≤ 18 mmHg and a ≥20% reduction in IOP from base-
line, proportion of subjects achieving a mean IOP ≤ 18 mmHg or 
a ≥20% reduction in IOP from baseline, proportion of subjects 
achieving a mean IOP ≤ 18 mmHg or a ≥25% reduction in IOP 
from baseline and proportion of subjects achieving a mean IOP ≤ 
14 mmHg or a ≥30% reduction in IOP from baseline, at 3 years.

Additional post-hoc analyses were performed based on target 
IOP recommendations from the EGS Guide on Surgical Innova-
tion for Glaucoma [20]. The analyses included the mean change 
in medications for glaucoma from baseline at Months 36 and 42 
and the proportion of the medication free subjects.

Failure was defined by any of the following criteria: final IOP 
outside the aforementioned range, development of any serious 
complication, severe loss of vision, or need to undergo addition-
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al glaucoma surgery other than bleb needling or laser iridoplasty 
to retract the iris from the internal ostium of the channel.

The need to reintroduce ocular hypotensive medications was de-
termined at the physician's discretion. Participants acted as their 
own control over time through repeated observations, thereby 
minimizing intersubject variability. As spontaneous improve-
ment in IOP was not anticipated, the treatment outcomes as-
sociated with the MIMS device were unlikely to be influenced 
by the natural progression of the disease. Safety endpoints en-
compassed the occurrence of adverse events associated with the 
MIMS device or procedure, including changes in visual acuity 
and postoperative complications, and were evaluated across all 
participants from the original cohort (N=120) [17].

Statistical Analysis
Data from each visit were compared to baseline values obtained 
during the prior 12-month study [17]. Two-sided 95% Clopper–
Pearson confidence intervals (CIs) were calculated for all mea-
sured parameters. Adverse events were categorized by severity, 
their association with the device or procedure, and their resolu-
tion status, with both their number and percentage reported.

In this study, the sample size was adequate to ensure that clini-
cally meaningful differences / endpoints (taking into account the 
lower limit of the 95% confidence interval) could be identified, in 
accordance with the recommendations of the EGS consensus ex-
pert panel for IOP reductions of 2–3 mmHg and 20–30% medica-
tion-free subjects, as well as the guidance provided by the AAOG 
PPP Committee expert panel, at both follow-up visits [19,20].

For surgical success rates (as described above), the data from 
the two visits pooled into the “3-year” performance analysis for 
surgical success rates (as described above).

For data analysis, continuous variables were described by means 
and standard deviations (SD). Dichotomous variables were pre-
sented as percentages with 95% confidence interval. Wilcoxon 
signed rank test for paired observations was used for paired 
comparisons. P- values < 0.05 were considered statistically sig-
nificant.

Results
The baseline characteristics and demographics of the original 
120 eyes from 120 subjects have been detailed in prior research 
[17]. In this study, efforts were made to reach all 93 participants 
who completed 12 months of follow-up during the prior study 
and were not defined as surgical failures. Of these, 30 provided 
consent to participate, while others were not included in the fol-
low-up due to trabeculectomy (11 participants) or other reasons 
(34 participants; including lack of interest, limited or no com-
munication, travel abroad), health issues (9 participants; e.g., 
cataract or trauma-related surgery) or death (6 participants). On 
Month 36 and 42 visits, 19 and 25 eyes were assessed, respec-
tively.

The cohort in this follow-up extension study consisted of 30 
eyes, including 29 eyes that were defined as success at the end 
of the prior 12-month study (i.e., ≥20% IOP reduction on the 
same or fewer number of medications) and 1 eye had a ≥20% 
IOP reduction on a higher number of medications. Of them, 27 
were diagnosed with POAG and 3 with PXFG, with baseline 
characteristics similar to the original cohort (age: 63.2± 13.5 
[range: 22 – 85] years; male: 53.3%; right eye operated: 40%; 
phakic 63%). The mean baseline IOP was 27.3 ± 3.2 (95% CI: 
26.2–28.5) mmHg. At baseline, subjects were treated with an 
average of 1.87 ± 0.68 (95% CI: 1.62–2.12) ocular hypotensive 
medications.

Efficacy
IOP and Medication Reduction
Table 1 presents the mean (± SD) IOP measurements and the 
mean (± SD) number of hypotensive medications being used at 
all consecutive study visits, for the whole cohort of this exten-
sion study and by type of procedure (stand-alone MIMS or com-
bined phacoemulsification-MIMS). Mean IOP at baseline was 
27.3 ± 3.2 mmHg, dropping to 14.7 ± 2.9 mmHg at Month 12, 
17.8 ± 5.9 mmHg at Month 36 and 17.0 ± 4.6 mmHg at Month 
42. At baseline, patients were using 1.87 ± 0.7 hypotensive 
medications, dropping to 0.17 ± 0.47 at Month 12, 0.63±1.01 
at Month 36 and 0.40±0.76 at Month 42 (Figure 1). Statistical 
analysis upon completion of the study showed that the difference 
from baseline for IOP and medication was statistically signifi-
cant (P < 0.05 for all).

Table 1: Mean IOP and mean number of hypotensive medications during follow-up in patients treated with MIMS
Group Study Vis-

it
N IOP (mmHg), mean ± 

SD [95% CI]
P value (vs. 

baseline)
No. of medications, 

mean ± SD [95% CI]
P value (vs. 

baseline)
All patients Baseline 30 27.3 ± 3.2 [26.2 - 28.5] - 1.87 ± 0.7 [1.62 - 2.12] -

Month 12 29* 14.7 ± 2.9 [13.7 - 15.7] < 1e-5 0.17 ± 0.47 [0 - 0.35] < 1e-5
Month 36 19 17.8 ± 5.9 [15.2 - 20.5] < 1e-5 0.63 ± 1.01 [0.18 - 1.08] < 1e-4
Month 42 25 17.0 ± 4.6 [15.0 - 18.9] < 1e-5 0.40 ± 0.76 [0 - 0.80] < 1e-4

S t a n d - a l o n e 
MIMS

Baseline 21 28.0 ± 3.3 [26.6 - 29.4] - 2.10 ± 0.54 [1.87 - 2.33] -
Month 12 20 14.3 ± 3.3 [12.6 - 15.7] < 1e-4 0.15 ± 0.37 [-0.01 – 0.31] < 1e-4
Month 36 12 18.5 ± 6.3 [14.9 - 22.1] 0.007 0.67 ± 1.07 [0.06 - 1.27] 0.009
Month 42 17 17.4 ± 5.2 [15.0 - 19.9] <0.001 0.47 ± 0.80 [0.09 - 0.85] <0.001

Phacoemulsifi-
cation-MIMS

Baseline 9 25.8 ± 2.6 [24.1 - 27.5] - 1.33 ± 0.71 [0.87 - 1.79] -
Month 12 9 15.7 ± 1.2 [14.9 - 16.5] 0.008 0.22 ± 0.67 [-0.22 - 0.66] 0.018
Month 36 7 16.7 ± 5.5 [12.6 - 20.8] 0.017 0.57 ± 0.98 [-0.16 - 1.29] 0.043
Month 42 8 16.0 ± 4.5 [12.9 - 19.1] 0.012 0.25 ± 0.71 [-0.24 - 0.74] 0.028
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Success and Failure
Table 2 presents the cumulative success rates and 95% confi-
dence intervals, as defined by eight criteria, in the whole cohort. 

Table 3 presents the same for the stand-alone subgroup. Survival 
curves for complete and qualified success are shown in Figure 2.

Figure 1 a Mean±SD (mmHg) intraocular pressure of study participants at all study visits, in stand-alone MIMS patients and MIMS 
combined with phaco-emulsification and IOL implantation. b Mean±SD number of topical hypotensive medications of study partic-

ipants at all study visits, in stand-alone MIMS patients and MIMS combined with phacoemulsification and IOL implantation

Table 2: Success criteria at multiple IOP levels at study endpoints– whole study cohort
IOP Levels (mmHg) Success Criteria 1 year n/N (%) [95% CI] 3 years n/N (%) [95% CI]
≥ 20% IOP reduction Complete [b] 66/95 (70%) [59.2–78.5%] 19/48 (40%) [25.8–54.7%]

Qualified [a] 77/95 (81%) [71.7–88.3%] 26/48 (54%) [39.1–68.6%]
5 < IOP ≤ 21 OR ≥20% reduction Complete 67/95 (71%) [60.3–79.4%] 19/48 (40%) [25.8–54.7%]

Qualified 78/95 (82%) [72.9–89.2%] 26/48 (54%) [39.1–68.6%]
5 < IOP ≤ 18 OR ≥25% reduction Complete 63/95 (66%) [55.9–75.7%] 19/48 (40%) [25.8–54.7%]

Qualified 73/95 (77%) [67.1–84.9%] 26/48 (54%) [39.1–68.6%]
5 < IOP ≤ 14 OR ≥30% reduction Complete 57/95 (60%) [49.4–69.9%] 16/48 (33%) [20.4–48.4%]

Qualified 65/95 (68%) [58.1–77.6%] 21/48 (44%) [29.5–58.8%]
5 < IOP ≤ 18 AND ≥20% reduction Complete 54/95 (57%) [46.3–67.0%] 18/48 (38%) [24.0–52.6%]

Qualified 61/95 (64%) [53.7–73.8%] 21/48 (44%) [29.5–58.8%]
≥ 25% IOP reduction Complete 62/95 (65%) [54.8–74.7%] 18/48 (38%) [24.0–52.6%]

Qualified 72/95 (76%) [65.9–84.0%] 25/48 (52%) [37.2–66.7%]
5 < IOP ≤ 21 AND ≥25% reduction Complete 59/95 (62%) [51.6–71.8%] 18/48 (38%) [24.0–52.6%]

Qualified 68/95 (72%) [61.4–80.4%] 24/48 (50%) [35.2–64.8%]
5 < IOP ≤ 18 AND ≥30% reduction Complete 50/95 (53%) [42.1–63.0%] 15/48 (31%) [18.7–46.3%]

Qualified 57/95 (60%) [49.4–69.9%] 18/48 (38%) [24.0–52.6%]
[a] Ǫualified surgical success. [b] Complete surgical success - refers to medication-free eyes, out of all evaluable study eyes. [c] 
Data from 2S eyes defined as success, 1 eye with ≥20% IOP reduction and larger number of medications, and 18 eyes defined as 
failure in the prior 12-month study
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Figure 2 Survival curves for complete (top) and qualified (bottom) success for the secondary success criterion in this follow-up 
extension study (>20% IOP reduction) and the success criteria from the prior 12-month study (>20% IOP reduction or <21mmHg), 

>25 % IOP reduction or <18mmHg, and >30 % IOP reduction or <14mmHg)

Table 3: Success criteria at multiple IOP levels at study endpoints – standalone procedure
IOP Levels (mmHg) Success Criteria 1 year n/N (%) [95% CI] 3 years n/N (%) [95% CI]
≥ 20% IOP reduction Complete [b] 50/78 (64%) [52.4–74.6%] 12/38 (32%) [17.5–48.6%]

Qualified [a] 62/78 (79%) [68.1–87.5%] 18/38 (47%) [31.0–64.2%]
5 < IOP ≤ 21 OR ≥20% reduction Complete 50/78 (64%) [52.4–74.7%] 12/38 (32%) [17.5–48.6%]

Qualified 62/78 (80%) [68.8–87.8%] 18/38 (47%) [31.0–64.2%]
5 < IOP ≤ 18 OR ≥25% reduction Complete 47/78 (60%) [48.5–71.2%] 12/38 (32%) [17.5–48.6%]

Qualified 56/78 (72%) [60.5–81.4%] 18/38 (47%) [31.0–64.2%]
5 < IOP ≤ 14 OR ≥30% reduction Complete 41/78 (63%) [40.9–64%] 11/38 (29%) [15.4–46.0%]

Qualified 48/78 (62%) [49.8–72.3%] 16/38 (42%) [26.3–59.2%]
5 < IOP ≤ 18 AND ≥20% reduction Complete 38/78 (49%) [37.2–60.3%] 12/38 (32%) [17.5–48.6%]

Qualified 44/78 (56%) [44.7–67.6%] 15/38 (40%) [24.0–56.6%]
≥ 25% IOP reduction Complete 46/78 (59%) [47.5–70.0%] 12/38 (32%) [17.5–48.6%]

Qualified 55/78 (71%) [59.1–80.3%] 18/38 (47%) [31.0–64.2%]
5 < IOP ≤ 21 AND ≥25% reduction Complete 43/78 (55%) [43.4–66.4%] 12/38 (32%) [17.5–48.6%]

Qualified 51/78 (65%) [53.8–75.8%] 18/38 (47%) [31.0–64.2%]
5 < IOP ≤ 18 AND ≥30% reduction Complete 34/78 (44%) [32.4–55.3%] 11/38 (29%) [15.4–45.9%]

Qualified 40/78 (51%) [36.7–62.8%] 14/38 (37%) [21.8–54.0%]
[a] Ǫualified surgical success. [b] Complete surgical success - refers to medication-free eyes, out of all evaluable study eyes. [c] Data 
from 21 eyes defined as success and 17 defined as failure in the prior 12-month study

Safety
No serious ocular or systemic adverse events were reported 
during the original study over the first 12 months. All adverse 
events were considered as mild to moderate. The most common 
was iris plugging of the internal ostium of the channel which 
occurred in 18 patients. In 7 cases it occurred early (≤ 12 weeks 
postoperatively) and in 11 late (> 12 weeks postoperatively). 
Treatment with topical pilocarpine drops followed by laser ap-
plication on the adherent iris synechia led to complete resolution 
in all but 3 patients in whom persistent iris plugging was ob-
served at the 12-months visit.

There were 15 cases with an IOP spike (> 30mmHg) on post-
operative day one. This was attributed to retained viscoelastic 
material in the anterior chamber. All resolved at the slit- lamp by 

partial removal of the viscoelastic material by a gentle pressure 
on the posterior lip of the temporal paracentesis. All the above 
cases ended-up without sequelae, with or without topical treat-
ment. One patient had 20% endothelial cell loss without corneal 
edema after a combined phacoemulsification-MIMS procedure 
which was attributed to the high nuclear density of the cataract, 
requiring high mean intraoperative cumulative dis- sipated ener-
gy during phacoemulsification. 

Four patients had early corneal edema which spontaneously re-
solved, and there were single events of mild hyphema, choroidal 
effusion, ciliary body detachment, and branch retinal vein oc-
clusion. Overall, BCVA decreased over the study period by ≥ 2 
lines in 11 patients (9.2%), all due to cataract progression, with 
no cases of irreversible vision loss. At 12 months post-surgery, 
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post- operative interventions were reported in 2 patients who un-
derwent trabeculectomy procedure due to bleb scarring and ele-
vated IOP (both considered as failure). One patient underwent a 
successful needling procedure with MMC.

During the course of this follow-up extension study, from 12 
months up to 42 months post- surgery, 3 patients (2.5%) had 20% 
endothelial cell loss without corneal edema after a combined 
phacoemulsification-MIMS procedure, which was attributed to 
the patients’ age and health condition and 11 patients (9.2%) un-
dergone reoperation for glaucoma. No events of induced astig-
matism or new events of BCVA decrease were reported. One 
event of retinal edema / epiretinal membrane was reported in a 
fellow eye, not related to device / procedure.

Discussion
This extension study reports long-term IOP-lowering perfor-
mance and safety of the MIMS® device, discussed in compari-
son with the literature on the gold standard of surgical approach, 
i.e., the MMC-trabeculectomy, and the marketed subconjuncti-
val bleb-forming devices.

In the original study of this cohort [17], 93 subjects were fol-
lowed up for up to 12 months, achieving a mean reduction in 
IOP of 38.0% in MIMS-treated eyes (37.4% for MIMS stand- 
alone, and 40.6% for phacoemulsification-MIMS), and a mean 
reduction in number of glaucoma medications of 85.1% (83.9% 
for MIMS stand-alone, and 91.6% for MIMS- phacoemulsifica-
tion). These values are comparable to those reported in the stud-
ies included in the 2017 systematic review and meta-analysis 
of Lavia et al. investigating the effect of surgery with different 
MIGS devices on IOP and need for glaucoma medica- tions at 
1 year [22]. In the current extension study, the IOP lowering ef-
fect was predominantly sustained during the long term. At 36 
months, a mean reduction in IOP of 33.0% in MIMS- treated eyes 
(32.8% for MIMS stand-alone, and 33.8% for phacoemulsifica-
tion-MIMS) and a mean reduction in number of glaucoma med-
ications of 62.0% (59.7% for MIMS stand- alone, and 75.0% for 
MIMS-phacoemulsification). At 42 months, a mean reduction in 
IOP of 37.4% in MIMS-treated eyes (37.0% for MIMS stand-
alone, and 38.3% for phacoemulsification-MIMS) and a mean 
reduction in number of glaucoma medications of 77.1% (78.6% 
for MIMS stand-alone, and 75.0% for MIMS-phacoemulsifica-
tion).

The observed long-term IOP performance of the MIMS surgery 
is consistent with the 3-year mean IOP reduction rates reported 
with the marketed subconjunctival bleb-forming devices, such 
as XEN® gel implant (XEN45) (28.4% - 38.5%) and PRESER-
FLO MicroShunt 35.3% - 47.8%), and lower to some extent than 
the rates reported with the MMC-trabeculectomy (44% - 55%) 
[23–33]. Furthermore, the observed mean reduction of over 73% 
in the number of IOP-lowering drops at 3 years post MIMS® 
surgery is consistent with (or potentially larger than) the effects 
reported for to the MMC- trabeculectomy procedure (72% - 
96%) and for XEN45 gel stent (72% - 87.5%) and PRESERFLO 
MicroShunt (72.6%) [24-33]. Furthermore, the number of med-
ication- free subjects (70%) by 3 years post-MIMS® surgery is 
substantially than that reported at 3 years after implantation of 
XEN45 gel stent (42.4%) and PRESERFLO MicroShunt (53%) 
[23-26].

To evaluate the success of the procedure, either complete (with 
no medications) or qualified (on the same or fewer medications), 
not requiring any reoperation for glaucoma or having hypotony 
(IOP<6 mmHg), we used several sets of criteria, in order to be 
able to compare to the broadest set of existing long-term evi-
dence with MMC-trabeculectomy and marketed subconjuncti-
val bleb-forming devices, and also to illustrate the change in the 
MIMS performance compared to its 1-year performance. Quali-
fied success of ≥ 20% IOP reduction on the same or fewer number 
of medications and no reoperation for glaucoma was achieved in 
54.2% MIMS-treated eyes through the 3-year period (47.4% for 
MIMS stand-alone and 80% for phacoemulsification-MIMS). 
As anticipated, the 3-year qualified success of MIMS surgery 
(either standalone or combined with phacoemulsification) was 
lower than that reported for conventional MMC-trabeculectomy 
(71% - 88.9%) [32–36]. 

Trabeculectomy filtration surgery, using antimetabolites, such as 
mitomycin C (MMC) is still considered the gold standard of sur-
gical approach for patients, which is highly effective in sustained 
IOP lowering for long-term periods [36].

However, it has a relatively high-risk profile, as perioperative 
and long-term postoperative complications and side effects 
are associated with this procedure [37–39]. Similar to conven-
tional trabeculectomy, the MIMS® device is a subconjunctival 
bleb-forming procedure, creating a drainage channel in the scle-
ro-corneal junction [40, 41]. But, as compared to trabeculecto-
my, the MIMS surgery, by forming a small size sclerostomy, 
allows for a less invasive, ab-interno, implant-free surgical in-
tervention to improve the facility of outflow of aqueous humor 
from the eye, thus enabling a reduced risk of injury to the sur-
rounding ocular tissues, as evidenced by the safety outcomes of 
the MIMS surgery reported in this study (see discussion below). 
Noteworthy, the proportion of the MIMS eyes with qualified 
success reduced by approximately 34% from 1 to 3 years; this 
is consistent with 23% reduction rate reported from 1 to 3 years 
after MMC-trabeculectomy, indicating a similar tendency in the 
post-operative tissue responses to control IOP levels. Finally, 
comparing the qualified success criterion of ≥20% IOP reduction 
to similar marketed subconjunctival bleb-forming devices, the 
3-year success of the standalone MIMS surgery was found to be 
higher than that reported for XEN45 gel stent (~28%) [32-42].
The 3-year complete success of ≥20% IOP reduction was ob-
served in 39.6% of the MIMS®- treated eyes (31.6% for stand-
alone and 70.0% for combined MIMS surgery). This result is 
consistent the long-term data reported for subconjunctival 
bleb-forming procedures: at 3 years, complete success was 
reported in 44% eyes following MMC-trabeculectomy and in 
51.1% eyes with XEN45 gel stent, with the majority (71.7%) 
of the eyes undergoing the XEN45 procedure combined with 
phacoemulsification [24-32]. Moreover, this result is consistent 
with the international recommendations for the minimal clinical-
ly important difference for surgical interventions for glaucoma, 
with a minimum 20%-30% medication free subjects proposed 
by the EGS expert group [20].

Additional analyses of the 3-year surgical success rates of the 
MIMS® surgery revealed comparable long-term results report-
ed with the similar marketed subconjunctival bleb-forming de-
vices. Specifically, at 3 years, the target IOP of >5 mmHg and 
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≤21 mmHg with a minimum 20% reduction from baseline on 
the same or less medical therapy was achieved in 52.1% of the 
MIMS® eyes, similar to 52.4% eyes with XEN45 gel stent and 
lower to some extent than in the eyes with PRESERFLO Micro-
Shunt (68%) [26-34]. Moreover, Nouri- Mahdavi et al reported 
a 48% probability of success after 3 years using the same com-
bined criterion in OAG patients who underwent trabeculectomy 
without antimetabolites [43].

Complete long-term success rates following the MIMS surgery 
(39.6%) are consistent with the literature on XEN45 gel stent 
(42.9%) and PRESERFLO MicroShunt implantation (49%) [26-
34]. Following MMC-trabeculectomy, the 3-year success rates 
were reported to be higher or similar, ranging between 72.2% 
- 86% and 41.7% - 64% for qualified and complete criteria, re-
spectively [44–46].

Using the success criterion of IOP ≤18 mmHg and IOP reduction 
of ≥20%, the outcomes of the MIMS® procedure (43.8%) are in 
line with the results reported for XEN45 gel stent (36.9%) [24]. 
Complete success rate with the MIMS procedure (37.5%) seems 
to be higher or comparable with the reported rates with XEN45 
gel stent (27.3% - 31.5%) [23, 24].

Following MMC-trabeculectomy, as anticipated, the surgical 
success rates at 3 years were reported to be higher or similar, 
at the ranges of 72.2% - 86% and 40% - 64% for qualified and 
complete successes, respectively [37-48]. As mentioned above, 
evidence suggests that while MMC-trabeculectomy may achieve 
a more substantial and sustained IOP reduction, as compared to 
other less invasive subconjunctival bleb-forming devices, such 
as XEN45 gels stent, it is associated with a higher rate of post-
operative complications and interventions [23].

Pertaining to long-term safety, in this clinical study the MIMS 
procedure resulted in few complications, all were anticipated and 
non-serious. Substantially increased IOP was the most common 
early postoperative finding (12.5%), comparable to 13% report-
ed for XEN45 [24]. The incidence of other postoperative adverse 
events following the MIMS surgery was comparable or lower 
than that reported with the marketed subconjunctival bleb-form-
ing devices/procedures. There were no adverse events at long 
term related to MIMS device/procedure, with no hypotony (IOP 
<6 mmHg) events were reported throughout the whole follow up 
period. Glaucoma reoperation was the most common reason for 
failure (72.2% of the total reasons for failure). The other reason 
for failure was inadequate IOP reduction (defined as intraocular 
pressure reduced <20% below baseline). The overall rate of re-
operations for glaucoma in this study over the 3-year follow-up 
period was 10.8% (13 out of 120 patients), which is close to the 
lower boundary of the range (7% to 30%) of secondary surgi-
cal interventions reported following implantation of XEN45 and 
RESERFLO MicroShunt [23-49]. Bleb failure is suggested to 
be the most common cause of IOP elevation at long-term follow 
up after glaucoma filtration surgery [50, 51]. Excessive fibrous 
reaction around the bleb appears to be the major cause of long-
term failure for trabeculectomy and GDD devices [50, 51].

Overall, MIMS® surgery had no significant side effects on ei-
ther the visual acuity, endothelial cell density (ECD) or induced 
astigmatism after 3 years in patients with open- angle glaucoma. 

Few events (2.5%) of notable endothelial cell loss were not as-
sociated with irreversible corneal edema or corneal decompen-
sation and were attributed to the subjects’ older age and disease 
condition, in line with previous reports on the age as a risk factor 
for greater ECD loss [52]. 

Comparing the safety profile of the MIMS surgery over 3 
years with similar subconjunctival bleb-forming devices, other 
late postoperative events (which were not observed in MIMS 
study) were reported over 2-3 years following implantation of 
XEN45 stent gel and PRESERFLO MicroShunt. For instance, 
XEN45 stent gel implantation was associated with stent prob-
lems (1.1% - 3.4%), macular hemorrhage (1.1%), choroidal de-
tachment (4.3% - 17.6%), tenon cyst (11.1%), hyphema (5.9% 
- 7.9%), hypotony (4.3%), subconjunctival hemorrhage (4.3%), 
encapsulated filtration bleb (4.3%) and Seidel (2.9% - 3.2%) 
[23- 49]. Recent studies with PRESERFLO MicroShunt with 
the same follow-up period reported hyphema (8.7%), vitreous 
hemorrhage (4.3%), exposed Tenon’s capsule (8.7%), choroidal 
effusion or detachment (8.7%), anterior uveitis (2%), iris incar-
ceration (1%), tube obstruction (4.3%), device removal (1%), 
corneal decompensation (1%) [26-53].

Compared to the MIMS surgery and subconjunctival bleb-form-
ing implants (XEN45 stent gel and PRESERFLO MicroShunt), 
a higher incidence of complications is commonly observed after 
standard MMC-trabeculectomy. Over 3 years, MMS-trabeculec-
tomy was reported to be associated with encapsulated or cystic 
bleb (3% - 12%), persistent diplopia (3%), shallow or flat anteri-
or chamber (1% - 6.8%), dysesthesia (3%), late hypotony (21%), 
hypotony maculopathy (1%-4%), iritis (1%), persistent corneal 
edema (2%), hyphema (6%-25%), vitreous hemorrhage (3%), 
choroidal detachment (1% - 24.6%), wound / bleb leak (1% - 
17.8%), anterior bleb migration/irregular astigmatism (1%), 
blebitis / endophthalmitis (0.4% - 3%), pseudophakic bullous 
keratopathy (1%) [32- 46].

The MIMS procedure has a short learning curve and is excep-
tionally quick to perform, with a mean duration of 2 min per 
procedure. With the rising costs of glaucoma treatment, the brief 
duration of the procedure makes MIMS a comparatively cost-ef-
fective option, particularly when performed alongside cataract 
surgery [42,43].

Study Limitations
Firstly, due to the missed visits caused by the COVID-19 pan-
demic and ensuing lockdowns, 20.8% of our patients did not 
comply with the complete follow-up protocol during the first 
year after surgery [44-46]. Consequently, these patients were 
included solely in the safety analysis and excluded from the 
performance analysis, potentially introducing a negative bias in 
both efficacy and safety. This bias is likely linked to the tendency 
of patients with poorer outcomes to be more motivated to attend 
follow-up examinations.

Other shortcomings of our study were the lack of a comparator, 
its open-label design and the study population consisting exclu-
sively of eyes from individuals of Caucasian descent. Although 
there is evidence that ethnicity may influence outcomes of glau-
coma surgery, mainly due to the increased risk of fibrosis at the 
conjunctival–scleral interface, survival of glaucoma surgery im-
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proves with use of Mitomycin C, with no significant differences 
between Asian, American and Caucasian groups in cumulative 
survival, and rates of surgical success, failure, complication, hy-
potony, and vision decrease [54,55]. 

Moreover, no statistically significant impact of ethnicity (Euro-
pean, African and Asian descents) on 3- year performance out-
comes in glaucoma patients undergoing PreserFlo MicroShunt 
surgery was previously reported [26]. Notably, differences in 
trabeculectomy flap scarring (as opposed to subconjunctival 
scarring) that most likely to drive variations in success rates by 
ethnicity can be considered as an irrelevant factor in minimally 
invasive bleb surgery, such as MIMS surgery, where no scleral 
flap is created [56].

In addition, whereas our findings were evaluated in comparison 
with the literature, the baseline characteristics of patients eligi-
ble for surgery in previously reported trials varied significantly 
regarding glaucoma severity, IOP levels and the number of glau-
coma medications. Furthermore, washout IOP values differed 
among studies, and washout was not considered in all studies, 
including ours, primarily due to ethical considerations.

Finally, the combined surgeries could also serve as a confound-
ing factor, given the IOP- lowering effect of phacoemulsifica-
tion. Hence, future standardized controlled studies comparing 
MIMS to other filtration procedures are warranted to further 
evaluate its long- term efficacy and safety.

Conclusion
In conclusion, this extended 3-year study, building upon the 
1-year findings of the previous research, indicates that the MIMS 
provides a viable option to adjust an uncontrolled IOP in adult 
primary open angle and pseudo exfoliative glaucoma accompa-
nied by reduced topical glaucoma medication in the long-term 
period, with a relatively safe conjunctival approach.
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