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Aim: This study aims to compare the efficacy and safety of combined phacoemulsification with iStent inject (Phaco-iStent) and
Hydrus microstent (Phaco-Hydrus).

Methods: This was a retrospective comparative study of patients who underwent Phaco-iStent from April 2019 to August 2020 and
Phaco-Hydrus from August 2019 to December 2020 at a tertiary eye centre in Singapore. Sixty-nine Phaco-iStent eyes and 49 Phaco-
Hydrus eyes were included in this study. Complete surgical success was defined as freedom from second glaucoma surgery, Intraocular
pressure (IOP) of 18 mmHg or less, and discontinuation of all antiglaucoma medications.

Results: At 12 months, both Phaco-iStent and Phaco-Hydrus groups had comparable surgical success rate (68.1% vs 51%, p=0.061),
reduction in antiglaucoma medication use (—1.3 = 0.1 vs —1.4 £ 0.10, p=0.880) and intraocular pressure reduction (—1.1 + 0.5 mmHg
vs —1.6 £ 0.9 mmHg, p=0.323). Overall intraoperative and postoperative complications rate were similar in both groups, though
hyphema was more commonly seen in early postoperative period in the Phaco-Hydrus compared to the Phaco-iStent group (8% vs 0%,
p=0.028), with majority of cases resolving without any need for surgical intervention. Device obstruction was also more common in
the Phaco-Hydrus group compared to the Phaco-iStent group (14% vs 4.3%, p=0.04).

Conclusion: Phaco-iStent and Phaco-Hydrus have similar surgical efficacy and safety profiles at 12 months.
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Introduction

Glaucoma is a progressive optic neuropathy where intraocular pressure (IOP) has been shown to be the main modifiable
risk factor in reducing glaucoma progression.' Hence, lowering the IOP is the main goal of treatment in patients with
glaucoma. Treatment usually begins with topical antiglaucoma medication or laser therapy. Traditional glaucoma
filtration surgery, such as trabeculectomy or tube shunt surgery, has been associated with higher postoperative complica-
tion with longer visual recovery, and therefore has often been reserved for refractive cases of glaucoma.’”

With the advent of minimally invasive glaucoma surgery (MIGS), trabecular bypass procedures using implants like
iStent inject (Glaukos Corporation, San Clemente, CA, USA) and Hydrus microstent (Ivantis, Inc, Irvine, CA, USA),
have reported effective reduction in IOP and medication use while providing a safe alternative to traditional glaucoma
surgeries given their association with low adverse events.*> These MIGS devices also do not preclude future filtration
surgery, if necessary.

In fact, cataract surgery alone aids in physiological outflow and reduction of IOP.”’ iStent inject and Hydrus
microstent has the advantage of using the same clear cornea incision made during cataract surgery to implant these
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devices, augmenting the pressure-lowering effect of cataract surgery without the need for scleral or conjunctival
manipulation.*>

The iStent G1 is a “L”-shaped titanium device, with a single fluid inlet port and extension that is designed to extend
approximately 1 mm into the Schlemm’s canal. The iStent inject is the second generation iStent which is preloaded with
two stents and is roughly one third the size of the previous stent. The iStent inject has a rear flange which resides in the
anterior chamber and a head that resides in the Schlemm’s canal, providing a patent bypass pathway through the
trabecular meshwork. The Hydrus microstent, in contrast, bypasses the trabecular meshwork and scaffolds approximately
90 degrees of the Schlemm’s canal, providing direct access to the anterior chamber through its inlet.*

Thus far, the COMPARE study is the only head-to-head study comparing the differences in the surgical outcome of
two iStent G1 vs Hydrus microstent. The COMPARE study has reported superior reduction of IOP and number of
antiglaucoma medications in stand-alone Hydrus compared with two iStent G1 at one year.® However, there is lacking
evidence comparing the outcome of iStent inject and Hydrus microstent in Asian eyes. This is important as Asian eyes
respond differently to glaucoma surgery when compared to Caucasian eyes, as Asian eyes have been associated with
higher amount of pigmentation and inflammation when undergoing glaucoma filtration surgery.’

Therefore, this study aims to compare the efficacy and safety of combined phacoemulsification with iStent inject
(Phaco-iStent) and combined phacoemulsification with Hydrus microstent (Phaco-Hydrus) in Asian patients with open
angle glaucoma.

Methods

Study Design

This was a retrospective case notes review of consecutive eyes which underwent Phaco-iStent between April 2019 to
August 2020 and Phaco-Hydrus between August 2019 and December 2020 at a tertiary eye specialist centre in
Singapore.

The study was conducted in compliance with the principles of the Declaration of Helsinki and was approved by the
National Healthcare Group Domain Specific Review Board (DSRB) (2021/00093). Informed consent was waived due to
the retrospective nature of the study with no patient contact during the process. Patient identifiers are also removed by
a third party not involved in the study before the data are analyzed.

Inclusion criteria included eyes with primary open angle glaucoma and normal tension glaucoma of any severity.
Exclusion criteria included eyes with previous ocular surgery, such as cornea surgery or glaucoma filtration surgery, and
secondary glaucoma. Patients who were lost to follow-up at postoperative month 12 were also excluded. Patients did not
have medication washout prior to surgery.

Patient demographics including sex, age and race were collected. Preoperative data including type of glaucoma, IOP,
best corrected visual acuity (BCVA), number and subclass of antiglaucoma medications, mean deviation (MD) and
pattern standard deviation (PSD) of the latest Humphrey Visual Field (HVF) prior to operation were collected. Severity
of glaucoma was classified as mild (MD >—6 dB), moderate (MD —6 dB to —12 dB) and severe (MD <—12 dB).

Surgical Procedure

Standard or femto-second-assisted phacoemulsification was performed. Viscoelastic device of surgeon choice was
injected into the anterior chamber. Using a surgical goniolens, two iStent inject was implanted at the trabecular
meshwork into Schlemm’s canal at the nasal quadrant. Whereas, for the Hydrus microstent, the tip of a preloaded
injector was embedded into the trabecular meshwork and the device was advanced into the Schlemm’s canal, occupying
three clock hours of the nasal quadrant.

All patients received a combination of topical antibiotics and steroid eye drops postoperatively, which was tapered
over a period of 4 to 5 weeks. Antiglaucoma medications were either continued or stopped immediately after surgery
depending on severity of glaucoma and surgeon discretion. Data from follow-up examination conducted on post-
operative day 1, week 1, month 1, month 3, month 6, and month 12 were collected. On each visit, BCVA, IOP, number
of antiglaucoma medications and any adverse events were noted.
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Outcome Measures

Complete surgical success was defined as freedom from second glaucoma surgery, IOP of 18 mmHg or less and
discontinuation of all antiglaucoma medications. Qualified success was defined as freedom from second glaucoma
surgery and IOP of 18 mmHg or less with the use of antiglaucoma medication, irrespective of whether laser iridoplasty
was performed. Surgical failure was defined as any second glaucoma surgery at any postoperative time or IOP of more
than 18 mmHg for two consecutive visits despite use of antiglaucoma medications.

Statistical Analysis
A minimum number of 42 eyes in each group arm was required to detect a 2.5 mmHg difference in mean IOP reduction
between groups at 6 months postoperatively, with significance level at 0.05, power of 0.80, and assuming standard
deviation of reduction for both group to be 4.0 mmHg.®

Statistical analysis was performed using IBM SPSS 27.0 (IBM Corp, New York, USA) with significance level set at 5% level.
Kaplan—Meier method was used to estimate the time to event (time before topical antiglaucoma medication was restarted or
glaucoma surgery was needed) and log rank test was used to compare the survival time between the two interventions. Logistic
regression was also performed to investigate the association of achieving IOP of 18 mmHg or less with and without medication
with other demographic variables, ocular factors and surgical interventions. We used a linear mixed model to analyze the
significance of IOP and medication reduction by comparing the baseline values with the each specific time point.

Results

Preoperative Characteristics

There were 69 eyes which underwent Phaco-iStent and 49 eyes which underwent Phaco-Hydrus. Demographics in both
arms were similar (Table 1). The Phaco-iStent arm had a significantly higher proportion of eyes with normal tension
glaucoma when compared to the Phaco-Hydrus arm (p=0.005). Eyes in the Phaco-Hydrus arm required significantly
greater number of medications at baseline compared to the Phaco-iStent arm (2.0 vs 1.62 medications, p=0.006).

Table | Baseline Demographics

Parameters Phaco-Hydrus Phaco-iStent p-value
(n=49) (n=69)
Mean age (SD), years 72.9 (84) 73.0 (8.8) 0.922°
Gender
Male (%) 33 (67.3) 42 (60.9)
Female (%) 16 (32.7) 27 (39.1) 0.471°
Race
Chinese (%) 43 (87.8) 60 (87.0)
Malay (%) 2 (4.1) 4 (5.8)
Indian (%) 2 (4.1) 3 (43)
Others (%) 2 (4.1) 2 (29) 1.000°
Previous SLT
No (%) 48 (98.0) 67 (97.1)
Yes (%) I (2.0) 2 (29) 1.000°
Glaucoma type
POAG (%) 41 (83.7) 41 (59.4)
NTG (%) 8 (16.3) 28 (40.6) 0.005°
Median vertical CDR (IQR) 0.80 (0.70 to 0.85) | 0.80 (0.70 to 0.90) 0.410°
Glaucoma severity
Mild (%) 12 (25.0) 16 (24.6)
Moderate (%) 13 (27.1) 13 (20.0)
(Continued)
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Table | (Continued).

Parameters Phaco-Hydrus Phaco-iStent p-value
(n=49) (n=69)

Severe (%) 23 (47.9) 36 (55.4) 0.638°

Mean HVF MD (SD) ~12.1 (7.6) ~134 8.1) 0.390°

Mean HVF PSD (SD) 6.7 (3.4) 7.7 3.7) 0.180*

Mean IOP (95%Cl) 16.6 (15.3 to 17.9) 15.5 (14.7 to 16.4) 0.157%

Mean number of medication 2.0 (1.7 to 2.2) 1.62 (1.4 to 1.8) 0.006¢

Notes: aUnpaired t-test with equal variances, Pearson's chi-squared test, “Fisher’s exact test, 9Mann—
Whitney test (rank sum test).

Abbreviations: SD, standard deviation; SLT, selective laser trabeculoplasty; POAG, primary open angle
glaucoma; NTG, normal tension glaucoma; CDR, cup to disc ratio; IQR, interquartile range; MD, mean
deviation; PSD, pattern standard deviation.

Outcomes

Surgical Success

Complete success rate at 1 year postoperatively was 68.1% (n=47) and 51% (n=25) in the Phaco-iStent and Phaco-Hydrus
group respectively (p=0.061). Qualified success rate was 30% (n=21) and 45% (n=22) in the Phaco-iStent and Phaco-
Hydrus group respectively (p=0.108). Surgical failure rates were 1.4% (n=1) and 4.1% (n=2) in the Phaco-iStent and Phaco-
Hydrus group respectively (p=0.569). The two eyes in the Phaco-Hydrus group which had surgical failure had underlying
advanced primary open angle glaucoma and IOP control remained persistently suboptimal postoperatively, requiring
trabeculectomy and Ahmed tube respectively. The eye in the Phaco-iStent group which had surgical failure also had
advanced primary open angle glaucoma and developed aqueous misdirection intraoperatively and IOP remained poorly
controlled postoperatively. Twelve months event-free survival rate as depicted in in Figure 1, was 68.1% in the Phaco-iStent

Kaplan-Meier Event-Free Survival
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Figure | Kaplan—Meier survival curves for complete success up to month 12. No significant difference in survival distribution between treatment arms (p=0.082, log rank test).
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arm and 51.0% in the Phaco-Hydrus group (p=0.082, log rank test). Logistic regression was used to find possible
demographic and ocular factors influencing the probability of achieving an IOP of <18 mmHg without glaucoma
medication at postoperative month 12. The model included the treatment groups (Phaco-iStent and Phaco-Hydrus), age,
type of glaucoma, number of baseline glaucoma medication as well as glaucoma severity. The treatment group, age, number
of preoperative glaucoma medication, type of glaucoma and glaucoma severity had no significant influence on the
probability of achieving an IOP of <18 mmHg with and without glaucoma medication at postoperative month 12.

Intraocular Pressure and Antiglaucoma Medications

Mean IOP and mean number of antiglaucoma medication at each time point are shown in Figure 2A and B respectively.
There was also no statistically significant difference in reduction of IOP at postoperative month 12 compared to baseline
when comparing the Phaco-iStent group and Phaco-Hydrus group. In the Phaco-iStent group, mean IOP reduction from
baseline was —1.1 £ 0.5 mmHg (p=0.149). However, in the Phaco-Hydrus group, mean IOP reduction from baseline was
—1.6 £ 0.9 mmHg (p=0.384). The difference of mean IOP reduction at postoperative month 12 between the two groups
was 0.7 mmHg (p=0.323).

Preoperatively, all eyes in both groups needed one or more antiglaucoma medications. Both arms saw a significant
reduction in antiglaucoma medication use after surgery, which was sustained at 12 months, although there was an upward
trend seen in the Phaco-Hydrus arm (Figure 2B). There was no significant difference in mean number of medication
reduction between the two groups at postoperative month 12 (—1.3 &+ 0.1 for Phaco-iStent group vs —1.4 £ 0.1 for Phaco-
Hydrus group).

A subgroup analysis examining eyes with primary open angle glaucoma was performed. This showed that the Phaco-
Hydrus group achieved a greater mean IOP reduction compared to the Phaco-iStent group at postoperative month 12,
although this difference was not statistically significant (2.2 mmHg vs 1.6 mmHg, p=0.888). Mean medication reduction
in the Phaco-iStent group, howeer, was comparable to the Phaco-Hydrus group (1.4 = 0.1 vs —1.4 £ 0.2, p=0.345).
However, it is worthy to note that the numbers in this subgroup analysis were relatively smaller, n=41 in each group.

Safety

There was no statistically significant difference in the intraoperative and postoperative complications between the two
groups other than postoperative hyphema (Table 2). There were 8.2% (n=4) of Phaco-Hydrus eyes which had hyphema,
compared to none in the Phaco-iStent group (p=0.028). The four eyes had hyphema on postoperative day 1, of which
three of them showed resolution at postoperative week 1, whereas the remaining one developed eight-ball hyphema
requiring anterior chamber washout at week 1. In the Phaco-iStent group, one eye developed aqueous misdirection
intraoperatively which resolved with Chandler’s procedure. This patient had advanced primary open angle glaucoma, and
subsequently suffered a loss of BCVA >2 lines postoperatively. This is likely due to glaucoma progression as this patient
has advanced disease.

Device Obstruction

Device obstruction was defined as iris adhesion to the iStent lumen or the Hydrus microstent inlet on gonioscopy. Device
obstruction was more common in the Phaco-Hydrus arm (14%, n=8) compared to the Phaco-iStent arm (4.3%, n=3)
(»=0.04). For the Phaco-Hydrus group, the highest blockage rate occurred at post-operative month 1 (37.5%, n=3) and
postoperative month 3 (37.5%, n=3), while the remaining (25%, n=2) occurred at postoperative month 6. Two of the
three eyes with blocked Hydrus at postoperative month 1 were associated with adverse events postoperatively. One eye
required anterior chamber washout for total hyphema while the other required anterior chamber paracentesis for high IOP
and hyphema. Of the eight eyes which had blocked Hydrus, seven underwent iridoplasty whilst the remaining one eye
did not undergo iridoplasty and antiglaucoma medication was started. Of these seven eyes, five did not require drops or
further surgical intervention. Two eyes were subsequently started on antiglaucoma medication, of which one eye
subsequently underwent trabeculectomy. Another two eyes also underwent prophylactic iridoplasty for impending
blockage of implant in the Phaco-Hydrus group. Of these two eyes, one did not require additional antiglaucoma drops
or surgery, while the other eye was started on antiglaucoma drops at the next follow up visit. In the Phaco-iStent group,
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Figure 2 (A) Mean IOP: There was no significant difference in IOP between the Phaco-Hydrus and Phaco-iStent groups at each time point. Error bars represents 95%
confidence interval. (B) Mean number of medication: There was no significant difference in the number of medication between Phaco-Hydrus and Phaco-iStent at each time
point. Error bars represents 95% confidence interval.

three eyes were noted to have blocked iStents (both iStents being blocked in two of the eyes, and only one iStent being
blocked in the remaining one eye) at postoperative month 3. All three underwent focal iridoplasty. Two eyes did not
require additional antiglaucoma medication or surgery postiridoplasty while one eye was started on antiglaucoma
medication at the next follow-up visit.
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Table 2 Proportion of Eyes Achieving <18 mmHg and 0 Medication

Phaco-Hydrus Phaco-iStent p-value*
Number of Eyes | Proportion of Eyes | Number of Eyes | Proportion of Eyes
(n, %) (n, %)
Preop 49 0 (0.0%) 69 1 (1.4%) 1.000°
Day | Postop 49 45 (91.8%) 66 51 (77.3%) 0.038°
Week | Postop 48 38 (79.2%) 67 44 (65.7%) 0.115?
Month | Postop 44 38 (86.4%) 66 51 (77.3%) 0.235%
Month 3 Postop 38 23 (60.5%) 49 38 (77.6%) 0.085°
Month 6 Postop 39 24 (61.5%) 53 42 (79.2%) 0.062*
Year | Postop 49 28 (57.1%) 69 48 (69.6%) 0.165%

Notes: *Pearson's chi-squared test to compare if there is any significant difference in the proportions of glaucoma patients with <18 mmHg and 0
med between Hydrus and iStent implant. PFisher’s exact test to compare if there is any significant difference in the proportions of glaucoma patients
with <18 mmHg and 0 med between Hydrus and iStent implant. *p-value: between Phaco-Hydrus and Phaco-iStent at each time point.

Discussion

This study suggests at 12 months, both Phaco-iStent and Phaco-Hydrus have comparable surgical success rates (68.1%
vs 51%, p=0.061). Phaco-Hydrus achieved greater IOP reduction compared to Phaco-iStent at postoperative month 12,
although this difference was not statistically significant (1.6 vs 1.1 mmHg, p=0.323). There was also no significant
difference between both groups at 1 year in terms of mean reduction in number of antiglaucoma medication. This is in
contrast to previous comparative studies, which showed that standalone Hydrus achieved greater reduction in number of
antiglaucoma medication as well as surgical success when compared with standalone iStent.® This difference could be
due to the differences in study protocol and design, namely that of our study being a retrospective study, including
glaucoma of varying severity and having had no washout of antiglaucoma medication performed preoperatively. It is also
worthy to note that the COMPARE study was comparing iStent G1 versus iStent inject in our study, although the number
of stents implanted were similar. In contrast to the COMPARE study which looked at standalone Hydrus and iStent, our
study evaluated patients who underwent combined phacoemulsification with Hydrus and iStent, which closely mimics
real-world clinical practice where MIGS are commonly performed in the same sitting as phacoemulsification. The exact
mechanism of IOP lowering in open angle glaucoma from cataract surgery is still unclear. However, there are
hypotheses which suggest trabecular endothelium remodeling as a result of stress induced from ultrasound energy during
phacoemulsification.'® Another theory proposed that cataract extraction dislodges the zonules over the ciliary body by
moving the posterior capsule backwards, resulting in widening of the Schelmm’s canal and thus improving aqueous
drainage."" The mean age of the patients in this study was 72 years of age. Asian eyes have a higher degree of
pigmentation and thicker irises. Perhaps earlier cataract surgery combined with MIGS could be considered in Asian eyes,
where less phacoemulsification energy is required and thus less inflammation induced. This has been shown to be very
successful in decreasing medication burden and maintaining lower IOP among Black patients.'?

Success rate was defined based on achieving an IOP of 18 mmHg or less rather than 15 mmHg as suggested by the
World Glaucoma Association.'® This is because the baseline preoperative IOP in our study is above 15 mmHg. These
patients were regarded to have stable glaucoma and cataracts, for which they were listed for cataract extraction and
MIGS in the hope of reducing medication burden. Therefore, we do not expect the IOP to be significantly lower than the
preoperative IOP. We did further subgroup analysis was done to evaluate the ability of Phaco-iStent and Phaco-Hydrus in
achieving IOP <15 mmHg, which showed that 98.6% of Phaco-iStent and 51% of Phaco-Hydrus group obtained IOP <15
mmHg with or without medication/intervention postoperatively. Of note, our study included a high proportion of patients
with advance glaucoma, and hence they often require drops to achieve their target IOP.

This study did not show statistically significant reduction in IOP at 12 months when compared to baseline for both
Phaco-Hydrus and Phaco-iStent as they were not subjected to medication washout. Hence, the IOP lowering effect of
both Phaco-Hydrus and Phaco-iStent was demonstrated in the reduction of antiglaucoma medication. However, the mean
IOP at 1 year for both groups were consistent with previous published studies.'*™'® Mean IOP at 1 year was 15.0 +
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2.9mmHg in the Phaco-Hydrus group and 14.4 + 3.4 mmHg in the Phaco-iStent group. This is consistent with Phaco-
Hydrus for primary open angle glaucoma studies, which reported 1 year mean IOP of 13—17 mmHg'*'"> and 12-16
mmHg for Phaco-iStent.'®!” Contrary to a previous comparative study® which suggested that reduction of number of
medications was greater in Hydrus when compared to 2-iStent, our study showed that both Phaco-Hydrus and Phaco-
iStent reduce medication use equally at 1 year.

Our study also compared the safety of Phaco-Hydrus and Phaco-iStent groups. There was no significant statistical
difference between the two groups in their surgical complications except for postoperative hyphema (Phaco-Hydrus 8.2%
vs Phaco-iStent 0%, p=0.028). Variable rates of hyphema post-Hydrus implantation were reported in the literature
ranging from 1-19%.'®!? In patients on anticoagulant, they should be seated with the head elevated above the waist for 4
days to reduce episcleral venous pressure and back flow of blood from the aqueous veins and prevent the need for
evacuation of hyphema.

We also noted that 14% of eyes in the Phaco-Hydrus group had blocked device inlet at various time points during the
follow-up, most commonly at postoperative months 1 and 3. This is in comparison to 4.3% of eyes in the Phaco-iStent
group. Such device obstructions was reported in other studies, and they can be due to focal iris adhesion, which has been
reported in iStent studies, and peripheral anterior synechiae, which were more commonly reported in Hydrus studies.®
For such cases, we performed iridoplasty by applying argon lasers to contract the iris anterior to the stent, pulling it away
from the stent. Our rate of Hydrus obstruction was marginally higher than reported in the literature, which reported
device obstruction rate of 8-13.9%%%'* in Hydrus and 1-13.2%®'” in iStent. The higher incidence of Hydrus device

obstruction in our study could be attributed to thicker iris in Asian eyes®*"

which may increase the propensity to be
drawn toward the device inlet. We also observed that early Hydrus obstruction could be related to postoperative
intervention, where two of the eight patients with blocked Hydrus had anterior chamber paracentesis for retained
viscoelastic and anterior chamber washout for hyphema. Iris pigment release and inflammation postoperatively, perpe-
tuated by further postoperative interventions, could increase the risk of stent obstruction from peripheral anterior
synechiae, especially in Asian brown irides.’*° Despite this, the Phaco-Hydrus group still achieved similar IOP reduction
when compared to the Phaco-iStent group in our study.

Our study is not without its limitations. This was a retrospective study with a small sample size and a short follow-up
duration of 1 year. Furthermore, there were some baseline differences in ocular characteristics of eyes in the Phaco-
Hydrus and the Phaco-iStent group. Firstly, there was a higher proportion of normal tension glaucoma eyes in the Phaco-
iStent than in the Phaco-Hydrus group. We acknowledge that this may confound the mean IOP reduction from baseline
and medication reduction, hence a two-way ANCOVA was used adjusting for the type of glaucoma. Secondly, though the
mean preoperative IOP was similar in both groups, eyes in the Phaco-Hydrus group were on greater number of
antiglaucoma medication preoperatively. There was also no washout period prior to surgery in both groups.

In conclusion, our study showed that Phaco-Hydrus and Phaco-iStent have similar success rates and safety profile for
both primary open angle glaucoma and normal tension glaucoma in Asian eyes. Due to the limitations of our study as
mentioned above, further large-scale head-to-head prospective comparative studies are needed to evaluate if both devices
are indeed equally effective. Future studies looking at patient reported outcome measures, differences in diurnal variation
of IOP will also be helpful in deciding which minimally invasive glaucoma implants to choose.
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