Clinical Ophthalmology Dovepress

ORIGINAL RESEARCH
Effectiveness and Safety of Combined Ab-Interno
Canaloplasty and Microstent Implantation in
Severe Glaucoma — A Retrospective Study

Justin Spaulding
Cataract & Laser Institute of Southern Oregon, Medford, OR, USA

Correspondence: Justin Spaulding, Cataract & Laser Institute of Southern Oregon, 1408 E Barnett Road, Medford, OR, 97504, USA, Tel +1 541 779 2020,
Email jspaulding@medfordeyedoctors.com

Purpose: To evaluate the efficacy and safety of ab-interno canaloplasty combined with microstent implantation in patients with severe
glaucoma.

Patients and Methods: This retrospective study included patients with severe glaucoma (mean age 74.6+8.7 years), predominantly
primary open-angle (90%). All eyes underwent combined ab-interno canaloplasty using the iTrack (Nova Eye Medical) with
concurrent Hydrus Microstent (Alcon) implantation during cataract surgery. The primary outcome measures were intraocular pressure
(IOP), number of glaucoma medications, visual field mean deviation (VFMD), postoperative complications.

Results: Sixty-nine eyes of 56 patients were followed for mean 27.94+13.8 months. Mean IOP decreased from 17.8+6.3 at baseline to
15.5+4.7 mmHg at last follow-up (p=0.012), and mean number of medications decreased by 47%, from 2.10+1.1 to 1.12+1.2
(p<0.001). Medication-free eyes increased from 7% at baseline to 43% at last follow-up. Among eyes that were on 3 and 4 medications
preoperatively (n=17; n=7), the number of medications significantly decreased by 53% (p<0.001) and 57% (p=0.002) at last follow-up,
while IOP remained stable. Eyes with baseline IOP >18 mmHg (n=21) experienced a significant mean IOP reduction of 9.8 mmHg
(from 24.84+6.7 to 15.0+4.6 mmHg; —40%, p<0.001). No intraoperative or postoperative complications were reported; 6 eyes (9%)
required additional glaucoma procedures during follow-up.

Conclusion: Combining ab-interno canaloplasty with Hydrus Microstent implantation during cataract surgery resulted in modest but
sustained reductions in intraocular pressure and glaucoma medication burden, with a favorable safety profile. However, postoperative
IOP frequently remained above levels required for very low target pressures. These findings suggest that this mixed MIGS approach
may be considered in carefully selected patients but should not be viewed as a substitute for traditional filtering surgery in advanced
disease.

Keywords: primary open-angle glaucoma, minimally invasive glaucoma surgery, MIGS canaloplasty, Hydrus Microstent, combined
MIGS, IOP reduction

Introduction
Glaucoma remains the leading cause of irreversible blindness worldwide, and elevated intraocular pressure (IOP) is the
only proven modifiable risk factor.'” In patients with severe glaucoma, IOP control is particularly critical to prevent
further visual field deterioration. Topical hypotensive agents often prove insufficient in advanced disease and is limited
by ocular surface toxicity, adherence challenges, and diminishing long-term efficacy.®* At the other end of the treatment
spectrum, filtering surgeries such as trabeculectomy and tube shunts offer significant IOP reduction but carry substantial
risks, including hypotony, bleb-related infections, and long-term complications that impact quality of life.>”’ Non-
perforating techniques such as deep sclerectomy offer a lower complication profile but may provide less consistent
pressure reduction in eyes requiring very low target IOPs.*?

Minimally invasive glaucoma surgery (MIGS) has emerged as a conjunctiva-sparing, ab-interno alternative with
a favorable safety profile, though its IOP-lowering efficacy has traditionally limited its use to mild-to-moderate open-
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angle glaucoma (OAG).'*"! Increasing interest has therefore focused on combining MIGS procedures with complemen-
tary mechanisms to enhance pressure reduction and potentially extend their applicability to more advanced disease.'*"°

Ab-interno canaloplasty and microstent implantation represent two MIGS approaches targeting different points along
the conventional outflow pathway. Ab-interno canaloplasty achieves circumferential viscodilation of Schlemm’s canal
and distal collector channels without leaving an implant, while microstents provide sustained trabecular bypass and
segmental canal scaffolding.'®2°

We hypothesize that combining these two procedures may address both proximal and distal outflow resistance:
canaloplasty reactivates the conventional outflow pathway by mechanically dilating Schlemm’s canal and accessing distal
collector channels—structures often collapsed in chronic glaucoma—while the microstent provides a sustained bypass
across the trabecular meshwork and supports proximal flow for a prolonged period of time.

This study focuses on eyes with severe glaucoma, a cohort typically considered for traditional filtration procedures.
We aim to evaluate the safety and effectiveness of mixed MIGS—specifically, the combination of iTrack ab-interno
canaloplasty (Nova Eye Medical, Fremont, USA) and Hydrus Microstent implantation (Alcon, Geneva, Switzerland)—

performed during cataract surgery in this high-risk population.

Patients and Methods

This was a retrospective, single-center study evaluating the outcomes of combined ab-interno canaloplasty using the
iTrack microcatheter and Hydrus Microstent implantation performed in conjunction with phacoemulsification in patients
with severe glaucoma. This retrospective study meets the criteria for exemption from IRB review under the US Code of
Federal Regulations, (46.104;d4), as the research and the analysis of the data involved only secondary use of fully de-
identified data collected during routine clinical care. The study was conducted in accordance with the tenets of the
Declaration of Helsinki.

Medical records were reviewed for all patients who underwent the combined procedure between 2018 and 2023 at the
Cataract & Laser Institute of Southern Oregon, USA. Eligible patients were adults (>18 years) diagnosed with severe
open-angle glaucoma, classified based on visual field mean deviation (VFMD) and documented optic nerve damage on
OCT, with gonioscopy records confirming an open anterior chamber angle. Eyes with a history of incisional glaucoma
surgery within the previous six months, significant angle abnormalities, or uveitis were excluded.

Surgical Devices

The iTrack microcatheter is designed for 360° catheterization of Schlemm’s canal through a single intubation and dilation
of the canal via pressurized delivery of OVD. It is equipped with an illuminated distal tip to aid visualization during
surgery, ensuring accurate placement within the canal. The microcatheter allows for the pressurized delivery of over
100 uL of ophthalmic viscosurgical devices (OVD), a process known as pressurized viscodilation, enabling surgeons to
titrate the volume as needed to achieve effective canal dilation. Building upon this platform, the second device
generation, the iTrack Advance, received FDA clearance in 2023: the updated device incorporates a cannula and
a handheld injector, eliminating the need for microforceps.

The Hydrus Microstent is a biocompatible, ab-interno microstent engineered to enhance conventional aqueous
outflow by scaffolding Schlemm’s canal. Constructed from flexible nitinol, it features a curved, open-channel design
with multiple side windows and anchoring spines, enabling secure placement and dilation of approximately 90 degrees of
the canal. This structure facilitates sustained canal patency and improved access to distal collector channels.

Surgical Technique

All procedures were performed by a single experienced surgeon (JS) under standard operating room conditions.
Following an uncomplicated clear corneal phacoemulsification and intraocular lens implantation, ab-interno canaloplasty
was performed. After a small goniotomy was created at the nasal angle, the microcatheter was introduced into Schlemm’s
canal and advanced 360 degrees. Viscodilation was performed by injecting high-molecular-weight ophthalmic viscosur-
gical devices (OVD) during catheter withdrawal; quantity was titrated at surgeon’s discretion. Subsequently, the Hydrus
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Microstent was implanted into Schlemm’s canal through the same goniotomy, spanning approximately 90 degrees of the
canal.

Postoperatively, patients were prescribed topical antibiotics for the first week. Non-steroidal anti-inflammatory drugs
(NSAIDs) and prednisolone acetate 1% were administered four times daily (QID) during the first week, followed by
a tapering regimen: twice daily (BID) for two weeks, once daily (QD) for one week, and then discontinued.

All glaucoma medications were discontinued on the day of surgery, with no washout period prior to the procedure.

Data Collection

Preoperative data collected included patient demographics, number and type of preoperative glaucoma medications,
distance-corrected visual acuity (CDVA), baseline IOP measured by Goldmann applanation tonometry, visual fields,
preoperative surgeries, average retinal nerve fiber layer thickness (OCT RNFL) and VFMD. Glaucoma severity was
classified as mild, moderate, or severe based on VFMD thresholds, according to the criteria by Hodapp et al endorsed by
the European Glaucoma Society: mild (VFMD > —6 dB), moderate (-6 dB to —12 dB), and severe (< —12 dB).2' OCT
imaging was used as a supportive structural assessment but was not used to define disease severity.

Postoperative outcomes were assessed at multiple timepoints, specifically at 12, 24, 36 and 48 months following
surgery. These included IOP, number of glaucoma medications, CDVA, VFMD and the occurrence of intraoperative or
postoperative complications.

The primary efficacy endpoints included the mean change in IOP and glaucoma medications from baseline to
postoperative follow-ups. Safety endpoints included the incidence of adverse events such as transient hyphema, corneal
edema, device-related complications, or the need for additional glaucoma surgery.

Statistical Analysis

Descriptive statistics were used to summarize baseline characteristics. Changes in IOP, number of glaucoma medications,
and VEMD at postoperative timepoints were analyzed using a mixed-effects model to account for inter-eye correlation.*
Subgroup comparisons such as those by glaucoma severity, prior glaucoma surgery, preoperative VFMD, OVD type, and
OVD volume were assessed using the Mann—Whitney U-test when comparing two independent groups or Welch’s
analysis of variance (ANOVA) when comparing more than two groups. Statistical significance was defined as a p-value
<0.05 (no p values for groups of less than 5 eyes). Data were analyzed using SPSS version 28 (IBM, Armonk, NY, USA).

Results

A total of 69 eyes with severe glaucoma from 56 patients were included in this analysis. The mean patient age was 74.6
+8.7 years, and 61% (n=34) were male. The majority of patients were Caucasian (89%, n=50), followed by Hispanic
(7%, n=4), Asian (2%, n=1), and one patient (2%) who declined to specify. All eyes were phakic preoperatively and
underwent combined surgery with phacoemulsification; no standalone MIGS procedures were performed. Primary open-
angle glaucoma (POAG) was the most frequent diagnosis (90%, n=62), with pigmentary (3%, n=2), narrow-angle
glaucoma (1%, n=1), and other types (6%, n=4) less common. The mean preoperative IOP was 17.8+6.3 mmHg on 2.10
+1.1 medications. The average VFMD was —12.8+7.9 dB, and mean RNFL thickness was 58.6+8.9 pm. Mean follow-up
duration was 27.9+13.8 months. Demographic data are summarized in Table 1.

At last follow-up, mean IOP significantly decreased by 13% from 17.8+6.3 mmHg to 15.5+4.7 mmHg (p=0.012), and
mean medication burden reduced by 47% from 2.10£1.1 to 1.12+1.2 (p<0.001). These reductions were sustained across
multiple timepoints up to 48 months (Figure 1, Table 2).

The proportion of eyes achieving medication-free status increased from 7% at baseline (5/69) to 43% (30/69) at last
follow-up. Among eyes that were using 3 glaucoma medications preoperatively (n=17), the mean number of medications
was reduced to 1.41+1.42 at last follow-up, representing a 53% reduction (p<0.001). Among eyes on 4 preoperative
medications (n=7), the mean number of medications was reduced to 1.71+1.50, corresponding to a 57% reduction
(p=0.002). In both groups, mean IOP remained stable (p>0.05) and below 18 mmHg (Table 3).

No significant change was observed in VFMD from baseline to last follow-up (—12.8+7.9 dB vs —13.7+£7.2 dB;
p=0.460).
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Table | Demographics and Preoperative
Measurements
Patients N=56
Age (years) 74.618.7
Sex
Male 34 (61%)
Female 22 (39%)
Ethnicity
Caucasian 50 (89%)
Hispanic 4 (7%)
Asian 1 (2%)
Declined to specify 1 (2%)
Eyes N=69
Left 32 (46%)
Right 37 (54%)
Surgery
Combined with phaco 69 (100%)
Standalone 0 (0%)
Lens status
Phakic 69 (100%)
Pseudophakic 0 (0%)
Glaucoma Type
POAG 62 (90%)
Pigmentary 2 (3%)
NAG 1 (1%)
Others 4 (6%)
Prior glaucoma interventions
SLT 21 (30%)
ALT/MLT 7 (10%)
Peripheral Iridotomy 2 (3%)
Trabeculectomy 2 (3%)
None 37 (54%)
Preoperative measurements
IOP (mmHg) 17.8+6.3
Medications (no.) 2.101.1
BCVA (logMAR) 0.44+0.53
VFMD (dB) —12.8+7.9 (n=63)
OCT AVG NFL (um) 58.6+8.9
Last follow-up (months) 27.9+13.8

Subgroup Analysis
Subgroup analyses confirmed consistent reductions in IOP and medications across different OVD volumes, baseline IOP
and prior glaucoma interventions. Although prior glaucoma interventions in the cohort included laser procedures and
trabeculectomy (Table 1), subgroup analyses were limited to eyes with prior laser treatment, as the number of eyes with
prior trabeculectomy was insufficient for meaningful comparison. In eyes without prior laser glaucoma procedure (n=37),
IOP was significantly reduced by 21% from 18.946.8 to 14.9+4.1 mmHg (p=0.003), while medication use declined from
1.84+1.2 to 0.97£1.2 (p<0.001). Among those with prior laser glaucoma procedure (n=28), IOP remained stable (16.4
+5.6 to 16.0+£5.4 mmHg; p=0.759), while medications decreased from 2.43+0.84 to 1.32+1.28 (p<0.001) (Table 4).
When stratified by preoperative IOP, eyes with baseline IOP >18 mmHg (n=21) experienced a significant mean IOP
reduction of 9.8 mmHg (from 24.8+6.7 to 15.0+4.6 mmHg; —40%, p<0.001). In contrast, in eyes with baseline IOP
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Figure | Outcomes at baseline and all postop timepoints: (a) box plot of IOP (mmHg); (b) line graph of number of medications. IOP=intraocular pressure. Circles ()
indicate outliers, defined as values between 1.5 and 3 times the interquartile range beyond the quartiles; asterisks (*) indicate extreme outliers.

<18 mmHg (n=46), IOP remained stable while a significant 53% reduction in medication burden (from 2.37+0.93 to 1.11
+1.20; p<0.001) was observed.

The mean OVD volume delivered was 45.0+9.5 microboluses, which equals to a mean volume of 112.5 puL. Full 360°
catheterization of Schlemm’s canal was achieved in 84% of eyes (n=58), with partial canalization (181-270°) in 14% and
91-180° in 1% of cases. Outcomes were also analyzed based on the volume of ophthalmic viscosurgical devices (OVD)
delivered, measured in microboluses (Table 4).

Safety Profile

The mixed MIGS procedure demonstrated a favorable safety profile. No intraoperative or immediate postoperative
complications were reported. During the follow-up period, 6 of 69 eyes (9%) required further glaucoma procedures: 2
eyes (3%) underwent cyclophotocoagulation, 3 eyes (4%) underwent trabeculectomy, and 1 eye (1%) received a XEN gel
stent. The remaining 63 eyes (91%) did not require any additional surgical intervention (Figure 2). Clinical data collected

after any subsequent glaucoma surgery were excluded from the efficacy analysis.

Table 2 Outcomes of IOP, Medications and VFMD at Baseline and Postop Timepoints

Baseline 12M 24M 36M 48M LFU
0P 17.8+6.3 (n=67) 15.0%4.1 (n=63) 14.3+3.4 (n=43) 15.6+4.7 (n=30) 15.5+3.8 (n=11) 15.5+4.7 (n=67)
b value vs baseline - 0.001* 0.001* 0.136 0.183 0.012*
Meds 2.10£1.1 (n=67) 0.92%1.1 (n=63) 1.14£1.2 (n=43) 1.03x1.1 (n=30) | 0.91+0.8 (n=11) 1.12£1.2 (n=67)
p value vs baseline - <0.001* <0.001* <0.001* 0.014* <0.001*
VEMD —12.847.9 (n=63) | —11.7¢7.6 (n=48) | —14.0+7.4 (n=35) | —12.847.2 (n=22) | —11.146.8 (n=8) | —13.7£7.2 (n=57)
p value vs baseline - 0.161 0.398 0.605 0.766 0.466

Notes: *Statistically significant. P Values Calculated Using a Mixed Effects Model.
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Table 3 Outcomes of IOP and Medications by Preop Number of Medications

No. of Medications IOP (mmHg) MEDS (no.)

Baseline LFU Change | p value | Baseline LFU Change | p value
0 (n=5) 29.2+11.0 | 13.2+£3.3 -16.0 0.021* 0+0 0.0+0.0 0.00 NA
I (n=14) 19.9+6.3 | 15648 | —4.21 0.023* 1+0 0.93%1.14 | -0.07 0.790
2 (n=24) 16.3x4.8 | 16.3x54 0.04 0.976 2+0 1.08+0.97 | -0.92 <0.001*
3 (n=17) 15535 | 14.0+38 | -1.53 0.055 310 l41£142 | -1.59 <0.001*
4 (n=7) 16.1£3.2 | 17.4+3.7 1.29 0.380 4+0 1.71£1.50 | —2.29 0.002%*
p value bet. groups 0.064 0.213 0.056 NA NA NA

Notes: *Statistically significant. P Values Between Timepoints Calculated Using Mixed Effects Model; P Values Between Groups Calculated
Using One-Way ANOVA (Welch’s Test).
Abbreviation: NA, not available.

Table 4 Outcomes of IOP and Medications at Baseline and Last Follow-Up (LFU; Mean 27.9+13.8 Mos.) Split by Group

IOP (mmHg) MEDS (no.)

Baseline LFU Change | p value | Baseline LFU Change | p value

By OVD type

Healon GV (n=54) 18.0£6.7 | 158450 | -2.20 0.046* | 2.11%l.1 1.15%1.2 —0.96 | <0.001*

Healon Pro (n=12) 16.4+4.4 | 142430 | -225 0.064 2.17£09 | 0.92%1.2 —-1.25 0.002*
p value bet. groups 0.726 0.341 0.537 0.972 0.486 0.458

By prior laser glaucoma procedures

Yes (n=28) 16.4+5.6 | 16.0+54 —-0.36 0.759 2.43+0.84 | 1.32+1.28 =111 <0.001*
No (n=37) 18.9£6.8 | 14.9+4.1 -3.95 0.003* | 1.84x1.17 | 0.97«1.17 | —0.86 <0.001*
p value bet. groups 0.112 0.729 0.034* 0.022* 0.278 0573

By preoperative IOP

<18 (n=46) 14.6£2.4 | 15.7+4.7 111 0.079 | 2.37%0.93 | I.11x120 | —1.26 | <0.001*

>18 (n=21) 24.8+6.7 | 15.0+4.6 | -9.8I <0.001* | 1.52£1.21 | I.14x1.24 | —0.38 0.210
p value bet. groups <0.001* 0.577 <0.001* 0.003* 0.971 0.018*%

By microboluses delivered

20-39 (n=17) 18.1£7.0 | 15.5¢48 | —2.53 0.131 2.06+0.83 | 1.35£1.17 | -0.71 0.032%

40-59 (n=46) 17.4£6.2 | 15548 | -1.87 0.111 2.15%1.17 | 1.02+1.20 | —1.13 | <0.001*

60-80 (n=4) 21.0+4.7 | 14524 | -6.50 NA 1.75%1.26 | 1.25%1.50 | —0.50 NA
p value bet. groups’ 0.883 0815 0.926 0.772 0.252 0.348

Notes: *Statistically significant. TBetween groups 20-39 and 40-59 only. P Values Between Timepoints Calculated Using a Mixed Effects Model; P Values Between
Groups Calculated Using Mann—Whitney U-Test.
Abbreviation: NA, not available.

Discussion

This retrospective study demonstrates that combining ab-interno canaloplasty using the iTrack microcatheter and Hydrus
Microstent implantation at the time of cataract surgery can achieve sustained reductions in IOP and glaucoma medication
use in eyes with severe glaucoma-a population traditionally considered for filtering surgery. By targeting multiple levels
of aqueous outflow resistance, this mixed MIGS approach may offer a conjunctiva-sparing surgical option for selected
patients. Accordingly, this strategy should not be viewed as a substitute for traditional filtering surgery in advanced
disease, but rather as a potential alternative in carefully selected cases where conjunctiva preservation or reduced surgical
risk is desirable.
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Figure 2 Kaplan-Meier survival analysis of all eyes (n=69); event defined as eye undergoing additional glaucoma surgery (n=6, 9%).

In this cohort of eyes with severe glaucoma, medication burden decreased by 47%, from 2.10+1.1 to 1.12+1.2
(p<0.001), with nearly half of eyes (46%) on three or more medications preoperatively. These reductions were consistent
across postoperative timepoints up to four years. Although no statistically significant change in VFMD was observed
during follow-up, small changes in VFMD may still be clinically meaningful in advanced glaucoma, and VFMD alone
has limited sensitivity for detecting progression in this disease stage. Accordingly, while no significant functional decline
was detected, these results should be interpreted with caution and do not exclude the possibility of subtle visual field
progression.

There is a growing body of evidence from various clinical studies that have demonstrated the safety and efficacy of
iTrack canaloplasty in achieving sustained IOP reduction and decreased reliance on topical medications.>> ™ Similarly,
numerous studies have confirmed the safety and efficacy of the Hydrus Microstent in lowering IOP and reducing
medication burden in patients with mild to moderate primary open-angle glaucoma.’*>*

By combining ab-interno canaloplasty and Hydrus implantation, this mixed MIGS approach leverages distinct but
complementary mechanisms targeting both proximal and distal components of the conventional outflow pathway. Ab-
interno canaloplasty achieves 360-degree viscodilation of Schlemm’s canal, restoring outflow through the trabecular
meshwork, canal wall, and distal collector channels via mechanical expansion. The Hydrus Microstent provides
a permanent scaffold within Schlemm’s canal, bypassing the trabecular meshwork and maintaining patency over
approximately 90 degrees. While ab-interno canaloplasty initiates immediate enhancement of outflow facility, the
presence of a permanent stent may help sustain this benefit over time by preventing canal collapse or reclosure, thereby
potentially prolonging the effect of canaloplasty. In severe glaucoma, where Schlemm’s canal may be narrowed,
collapsed, or fibrotic due to chronic pressure elevation and structural remodeling, the addition of a permanent scaffold
may be particularly advantageous.

Emerging evidence suggests that combining ab-interno canaloplasty with Hydrus Microstent implantation may offer
enhanced IOP reduction and medication burden relief compared to either procedure alone.*’*>=° In a retrospective
analysis, Porter et al reported favorable long-term outcomes with the same MIGS combination across a variety of
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glaucoma stages (iTrack canaloplasty and Hydrus), showing a sustained IOP reduction from 19.1+4.0 mmHg to 14.4
+3.2 mmHg at 36 months (p<0.001), particularly in eyes with higher IOP (above 18 mmHg), where IOP declined from
21.943.1 mmHg to 14.6+4.2 mmHg (p=0.006). Although medication reduction at 36 months was not statistically
significant, no eyes required additional glaucoma surgery, underscoring the durability and safety of the mixed MIGS
procedure.®” Similarly, Dickinson et al, in a cohort of mild-to-moderate primary open-angle glaucoma patients, demon-
strated enhanced outcomes at 6 months with OMNI canaloplasty plus Hydrus compared to Hydrus alone, with greater
IOP reduction (13.6+£3.1 mmHg —17% vs 14.1+3.5 mmHg - 13%) and a higher proportion of patients off medications
(87.3% vs 64.3%).%"

However, not all studies have demonstrated a significant advantage for the mixed MIGS approach. In an ARVO 2024
matched-cohort analysis of 164 eyes, the Hydrus/OMNI canaloplasty group achieved a smaller, non-significant IOP
reduction to 14.9+4.1 (—3.8%) postoperatively compared to 14.6+£3.4 mmHg (—7.5%) postoperatively in the Hydrus-
alone group at one year, although the combined group showed greater medication reduction (63.0% vs 53.6%) and
a higher proportion of medication-free eyes (69.0% vs 56.3%).>> Similarly, early data from a single-surgeon ARVO 2023
study found no significant IOP difference at one month between Hydrus alone and Hydrus with OMNI (15.4 vs
14.7 mmHg, p=0.512), despite greater reduction in medication burden in the mixed MIGS group.*® The OMNI system
delivers a fixed volume of OVD (11 pL), whereas the iTrack system allows titration of the OVD volume based on
intraoperative assessment, often exceeding 100 pL. This technique, known as pressurized viscodilation of Schlemm’s
canal, may influence procedural efficacy and clinical outcomes. This mechanistic distinction could confer greater
efficacy, particularly in eyes with more distal outflow resistance. However, these mixed findings underscore that the
success of mixed MIGS approaches may depend on surgical technique, choice of devices, baseline disease severity, and
follow-up duration. Further prospective trials are warranted to clarify the long-term benefits and optimal patient selection
for dual MIGS strategies.

Subgroup analyses (Table 4) demonstrated that significant IOP and medication reductions were achieved regardless of
OVD type or history of prior laser glaucoma procedures. Eyes with higher IOP seemed to receive more OVD and result
in larger IOP reduction, but the cohort was not sufficiently powered to detect statistically significant differences. While
the overall IOP reduction observed in the cohort was modest, this likely reflects the relatively low preoperative IOP
(mean 17.8 mmHg). Notably, eyes with higher baseline IOP (>18 mmHg) exhibited a more substantial reduction,
averaging nearly 10 mmHg (—40%, p<0.001), underscoring the potential effectiveness of the mixed MIGS approach in
cases of uncontrolled IOP.

These findings suggest that, in selected cases, combining complementary MIGS procedures may extend the applic-
ability of MIGS beyond mild-to-moderate glaucoma as a conjunctiva-sparing alternative to filtration surgery.

Importantly, the mixed MIGS procedure maintained a favorable safety profile: no intraoperative or early postoperative
complications were observed, and the need for additional glaucoma surgeries was relatively low (9% overall).

This study provides mid-to long-term observational data on the safety and outcomes of combined ab-interno
canaloplasty and Hydrus Microstent implantation. However, several limitations should be acknowledged. The retro-
spective, single-center design and absence of a control group limit direct comparison with other surgical approaches.
Although mean follow-up exceeded two years, follow-up duration was variable, with relatively few eyes reaching longer-
term time points, restricting conclusions regarding durability.

The magnitude of IOP reduction was modest, postoperative IOP frequently remained above 15 mmHg, and the
hypotensive effect of concomitant cataract surgery may have influenced outcomes. These factors limit applicability in
eyes requiring very low target IOPs.

The use of two MIGS devices raises cost considerations that were not assessed in this study, and alternative
procedures such as deep sclerectomy may provide greater IOP reduction at lower cost in selected patients.
Furthermore, the predominantly Caucasian study population may limit generalizability to more diverse populations,
given known differences in angle anatomy and aqueous outflow characteristics. Future prospective, comparative studies
with standardized follow-up and formal cost-effectiveness analyses are needed to better define the role of this combined
approach.
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Conclusion

The combination of ab-interno canaloplasty and Hydrus Microstent implantation during cataract surgery was associated
with moderate and sustained reductions in intraocular pressure and medication burden over mid- to long-term follow-up.
This mixed MIGS strategy may represent a conjunctiva-sparing option in carefully selected eyes, including some with
more advanced disease, but should not be considered a substitute for traditional filtering or non-perforating surgery in
cases requiring substantial IOP lowering. Larger prospective studies with comparator groups are needed to better define
its relative efficacy, durability, and cost-effectiveness.
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