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Purpose: To present long-term, real-world outcomes after implanting one trabecular micro-
bypass stent with cataract surgery for primary open-angle glaucoma (POAG) in a predomi-
nantly Hispanic patient population.

Patients and methods: This retrospective, consecutive case series evaluated intraocular
pressure (IOP), medications, and safety through 36 months after implanting one iStent® during
phacoemulsification cataract surgery. Eyes were stratified into 2 subgroups classified by preopera-
tive IOP and surgical goal. The Controlled Group had IOP <18 mmHg on >1 medications, and goal
to reduce medications. The Uncontrolled Group had IOP >18 mmHg and/or maximum tolerated
medication load, and goal to reduce IOP. Assessments included IOP, medications, visual fields (VF),
retinal nerve fiber layer thickness (RNFL), adverse events, and secondary surgeries.

Results: Of 168 total operated eyes, 87 eyes (49 Controlled, 38 Uncontrolled) completed
36 months of follow-up and comprise the Consistent Cohort in this report. At baseline, 79.6%
(39/49) of Controlled eyes and 71.1% (27/38) of Uncontrolled eyes were from Hispanic patients. In
the Controlled Group desiring medication reduction, mean medications were reduced by 77.3% (2.6
medications preoperatively vs 0.6 at 36 months; p<0.001. All Controlled eyes maintained or
reduced medications versus preoperative; no eyes were on >3 medications (vs 61.2% preopera-
tively); and 58.3% were medication-free (vs 0% preoperatively). In the Uncontrolled Group
desiring IOP reduction, mean IOP decreased by 31.2% (19.4 mmHg preoperatively vs
13.4 mmHg at 36 months; p<0.001), 91.7% of eyes achieved IOP <18 mmHg, 69.4% reached
IOP <15 mmHg, and 77.8% decreased IOP >20% vs baseline. Uncontrolled eyes also experienced a
45.3% medication reduction (2.2 medications preoperatively vs 1.2 at 36 months; p<0.001).
Favorable safety included no intraoperative complications, and stable VF and RNFL through
36 months.

Conclusion: In this predominantly Hispanic patient cohort, significant IOP and medication
reductions were sustained safely through 36 months after iStent implantation during cataract
surgery.

Keywords: glaucoma, trabecular micro-bypass, Hispanic, micro-invasive glaucoma surgery,
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Introduction

Glaucoma is a leading cause of blindness globally, and its incidence is known to
vary by race.' Several population-based studies have documented high rates of
open-angle glaucoma in the Hispanic population; and from 2011 to 2050, Hispanic
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individuals are expected to become the largest US group
affected by primary open-angle glaucoma (POAG).*”
Treatments for glaucoma range from topical medication
to laser procedures and incisional filtration surgeries such
as trabeculectomy and tube implantation.

In recent years, the glaucoma treatment landscape has
diversified to include micro-invasive glaucoma surgery
(MIGS) procedures, as a complement or alternative to
existing treatment modalities. The first MIGS device, the
iStent® Trabecular Micro-Bypass (Glaukos Corporation,
San Clemente, CA, USA), has amassed a sizeable and
diverse evidence base regarding the long-term safety and
utility of this device in glaucoma. Evaluations have been
wide-ranging,* ?° including a variety of study designs (eg,
randomized controlled trials, consecutive case series, non-
randomized controlled trials), clinical settings (eg, single
site vs multicenter, real-world vs protocol-driven), coun-
tries (predominantly in North and South America, Europe,
Asia, and Asia-Pacific), and emphases (eg, clinical studies,
cost-effectiveness analyses, basic science/preclinical stu-
dies, meta-analyses). Studies also have evaluated different
severities of glaucoma (including mild to refractory), dif-
ferent types of glaucoma (eg, POAG, psecudoexfoliative
glaucoma, narrow-angle glaucoma, ocular hypertension,
normotensive glaucoma), different lenticular status (phakic
and pseudophakic), and different indications (eg, one or
multiple stents, standalone or with cataract surgery, with or
without concomitant glaucoma medication).* > To-date,
however, relatively little evidence exists regarding MIGS
procedures specifically in Hispanic populations. Given the
aforementioned high incidence of glaucoma in Hispanic
patients, and rising disease prevalence within the US in
coming years, long-term outcomes of MIGS procedures in
Hispanic patients is of particular interest.

Prior work by Gallardo et al described 12-month out-
comes of combined trabecular micro-bypass and phacoe-
mulsification in a predominantly Hispanic patient
population with primary open-angle glaucoma.'> The
authors reported favorable safety and meaningful reduc-
tions in IOP and medication through 12 months postopera-
In that
preoperatively into three groups based on IOP and surgical

tive. evaluation, patients were categorized
goal. Group 1 included eyes with IOP <18 mmHg on at
least 1 medication and goal to reduce medication; Group 2
included eyes with IOP not controlled on <2 medications
and goal to reduce IOP; and Group 3 included eyes with
uncontrolled IOP and/or on >3 medications, and goal to
avoid a filtering surgery by reducing IOP.

In the present report, the authors present longer-term
outcomes (through 36 months) within this predominantly
Hispanic patient population; they also stratify patients into
two groups based on preoperative IOP and surgical goal
(rather than three). The Controlled Group in this report
(Group 1 in the prior publication) had IOP <18 mmHg on
1 or more medications, and goal to reduce medication
burden; the Uncontrolled Group (Groups 2 and 3 in the
prior publication) had IOP >18 mmHg and/or maximal
topical medication load, and goal to reduce IOP.
Postoperative outcomes including IOP, medications, and
safety were evaluated in the context of each group’s
respective surgical goal. To our knowledge, the present
study is the first real-world documentation of MIGS out-
comes in a predominantly Hispanic population through a
sustained follow-up period of three years.

Patients and methods
Study design and subjects

Similar to the earlier work published by Gallardo et al, this
study was a retrospective, consecutive case series per-
formed by a single surgeon (MG) at an outpatient surgical
facility in El Paso, Texas over a 2-year period (January
2013 through December 2014). Subjects underwent pha-
coemulsification cataract surgery with concurrent implan-
tation of one iStent Trabecular Micro-Bypass stent.
Subjects were required to have POAG, cataract requiring
surgery, normal angle anatomy, and a need for IOP and/or
medication reduction. Exclusionary factors were narrow or
closed anterior chamber angle, ocular inflammation, or
corneal opacities compromising gonioscopy. Pre- and
postoperative assessments included IOP (by Goldmann
applanation), medications, visual fields (VF, measured by
Humphrey VF Analyzer using 24-2 SITA-Fast (Swedish
Interactive Testing Algorithm) testing protocol), mean
peripapillary retinal nerve fiber layer thickness (RNFL,
measured by Optovue optical coherence tomography
(OCT); Optovue, Inc., Fremont, CA), operative complica-
tions, postoperative adverse events, and secondary surgical
interventions. Data collection methods abided by the tenets
of the Declaration of Helsinki, and all patients signed an
informed consent to allow for the retrospective evaluation
of their clinical data. Ethics approval was obtained from
the Surgical Center of El Paso Medical Executive
Committee (El Paso, TX, USA). Patients were followed
through 36 months postoperatively, and follow-up is
ongoing.
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Device description, surgical procedure,

and perioperative medication

The iStent Trabecular Micro-Bypass is a heparin-coated,
single-piece, “L”-shaped titanium stent designed to cre-
ate a patent opening in the trabecular meshwork to
reestablish normal physiologic aqueous outflow and
thereby decrease IOP (Figure 1, Figure 2). The stent is
pre-loaded on a single-use inserter which facilitates ab
interno stent placement into the nasal portion of
Schlemm’s canal. Postoperatively, patients received
1 week of topical antibiotic and 4 weeks of topical

non-steroidal anti-inflammatory medication.

Snorkel

Data analyses

Paired t-tests were used to compare preoperative versus
Month 36 IOP, medications, VF mean deviation, and
RNFL thickness. Results were considered significant for
p-values of <0.05. Proportional analyses were completed
to show percentages of eyes on 0, 1, 2, 3, or 4 medications;
changes in medication number at 36 months versus pre-
operative; eyes with IOP <18 mmHg or IOP <15 mmHg;
and eyes achieving >20% IOP reduction at 36 months
versus preoperative. Data from eyes that had secondary
glaucoma surgery during follow-up were excluded from
subsequent IOP and medication analyses.

Retention
arches

Figure | iStent® Trabecular Micro-Bypass.

Self-trephining
tip

Figure 2 iStent® implantation location.
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Results
Subject accountability, demographics, and

preoperative ocular parameters

A total of 168 eyes of 128 subjects with POAG and visually
significant cataract underwent phacoemulsification cataract
surgery with implantation of a single iStent trabecular
micro-bypass stent. A total of 87 eyes completed 36 months
of follow-up and comprise the cohort summarized in this
report (Table 1).

As shown in Table 2, the majority of eyes were from
Hispanic patients (39/49 or 79.6% of Controlled eyes, and
27/38 or 71.1% of Uncontrolled eyes), with mean age of
approximately 73 years old. Both groups included subjects
with history of prior ocular surgery that could impact the
IOP endpoint, including laser procedures as well as inci-
sional surgeries. Consistent with its category’s definition,
Controlled eyes (with controlled IOP but substantial med-
ication burden) had preoperative mean IOP of 13.5
+1.8 mmHg on 2.6+0.8 medications, while Uncontrolled
eyes (with uncontrolled IOP regardless of medication bur-
den) had preoperative mean IOP of 19.4+3.7 mmHg on 2.2
+1.2 medications.

IOP and medication use

In the Controlled Group aiming for medication reduction,
mean medication number was reduced by 77.3% (from 2.6
+0.8 medications preoperatively to 0.6+0.8 medications at
36 months; p<0.001) (Figure 3). All Controlled eyes main-
tained or reduced their medication burden versus preopera-
61.2%
preoperatively), and 58.3% of eyes were medication-free

tive; no eyes were on >3 medications (vs

Table | Subject accountability at 36 months postoperative

n (%)
All operated eyes 168
Consistent cohort (eyes with 3- 87 (51.8%)

year data) (49 Controlled/38
Uncontrolled)

Reasons unavailable at 3 years

Lost to follow-up 69 (41.1%)
Deceased (unrelated to study) 2 (1.2%)
Moved away | (0.6%)
Hospice care | (0.6%)
Followed by another doctor 7 (4.2%)
postoperatively

Systemic steroids for non-ocular | (0.6%)

condition

Abbreviation: n, number of eyes.

(versus 0% preoperatively) (Table 3, Figure 4). Meanwhile,
IOP also decreased significantly (13.5+1.8 mmHg preopera-
tively vs 12.6+2.6 mmHg at 36 months; p=0.028) (Figure 3).

In the Uncontrolled Group desiring IOP reduction,
mean IOP decreased by 31.2% (19.4+3.7 mmHg preo-
peratively vs 13.4+£2.0 mmHg at 36 months; p<0.001)
(Figure 5). Most eyes (91.7%) achieved IOP <18 mmHg
and 69.4% of eyes reached IOP <15 mmHg; 77.8% of
Uncontrolled eyes achieved a clinically significant
reduction in IOP, defined as >20% decrease compared
to baseline. Although medication reduction was not
expected to accompany IOP reduction, a 45.3% medica-
tion reduction did occur (2.2+1.2 medications preopera-
tively vs 1.2+1.0 at 36 months; p<0.001) (Figure 5).
Additionally, 94.4% of eyes maintained or reduced
their medication burden versus preoperative, including
a greater than 90% decrease (57.9% to 5.6%) in the
proportion of eyes with high medication burden (>3
medications) (Figure 6, Table 4).

Safety assessment
No intraoperative complications occurred in either study
group, including no corneal injury, iris damage, hypotony,
hyphema, or failure to implant the stent. Postoperatively,
adverse events consisted of 6 cases of IOP elevation
>10 mmHg versus preoperative IOP, all of which resolved
with treatment within one week and resulted in no seque-
lae. Specifically, 4 eyes had Day 1 IOP elevated
>10 mmHg versus preoperative IOP. These cases were
treated with topical or oral antiglaucomatous medication,
resulting in IOP normalization without sequelac by Week
1. In 1 eye, topical steroid (prednisolone acetate) was
prescribed at Day 1 due to 1+ anterior chamber cell. IOP
increase >10 mmHg vs baseline was observed at Week 1,
and was presumed to be steroid-induced as there was no
indication of another etiology. The case was treated with
topical antiglaucomatous medication and rapid taper of
steroid, resulting in IOP normalization without sequelae
by the 2-week visit. Finally, 1 eye had IOP elevated
>10 mmHg versus preoperative IOP at Day 1 and Week
1; this elevation was attributed to red blood cell aggrega-
tion extending from the iStent. The aggregation was
cleared with YAG laser at the 1-week visit, resulting in
IOP normalization by Week 2. No other postoperative
adverse events occurred throughout the remainder of the
3-year follow-up period.

VF mean deviation and RNFL thickness remained stable
in both groups through three years postoperative compared
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Table 2 Demographics and preoperative ocular characteristics, Consistent Cohort (n=87)

Controlled Group n=49 eyes

Uncontrolled Group n=38 eyes

Age
Mean + SD (years) 72.9+7.0 729+7.4
Range (years) 56-86 58-87
Race/Ethnicity®
Hispanic n (%) 39 (79.6%) 27 (71.1%)
Caucasian n (%) 9 (18.4%) 9 (23.7%)
African American n (%) 1 (2.0%) 2 (5.3%)
Gender
Male n (%) 13 (26.5%) 17 (44.7%)
Female n (%) 36 (73.5%) 21 (55.3%)
Eye
OD n (%) 22 (44.9%) 17 (44.7%)
OS n (%) 27 (55.1%) 21 (55.3%)
Eyes with prior IOP-related ocular surgery® 6 (12.2%) 4 (10.5%)
Selective Laser Trabeculoplasty (SLT) 2 3
Laser Peripheral Iridotomy (LPI) 2 |
Trabeculectomy 2 0
Ex-Press® Glaucoma Filtration Device 0 |
Penetrating keratoplasty (PKP) | 0

(7 surgeries total)

(5 surgeries total)

Mean % SD (dB)

o] 4 13.5£1.8 19.4+3.7
Mean £ SD (mmHg)

# Medications 2.6+0.8 22+1.2
Mean * SD

Peripapillary mean RNFL (pm) 79.9+16.4 80.2%13.9
Mean * SD

Visual field mean deviation —9.20+8.30 —8.0816.72

BCVA % (n)
20/40 or better
20/50 or 20/60

22.2% (10/45)°
53.3% (24/45)

30.3% (10/33)¢
42.4% (14/33)

20/70 or 20/80

20/100 or worse

11.1% (5/45)
13.3% (6/45)

18.2% (6/33)
9.1% (3/33)

Notes: Self-reported. If patients were of mixed race/ethnicity, they chose the one with which they most identified. °Eyes could have more than one surgery. “Not recorded

in 4 eyes at preoperative visit. “Not recorded in 5 eyes at preoperative visit.

Abbreviations: IOP, intraocular pressure; n, number of eyes; OD, right eye; OS, left eye; RNFL, retinal nerve fiber layer; BCVA, best-corrected visual acuity.

to preoperative levels (Tables 5 and 6). Secondary glaucoma
surgery was undertaken in 1 Controlled subject (trabecu-
lectomy with express shunt after the 12-month visit) and 2
Uncontrolled subjects (trabeculectomy with express shunt
after the 12-month visit, and canaloplasty at 17 months
postoperative). No other secondary surgeries occurred,
including no laser glaucoma procedures.

Discussion

The present report shows real-world outcomes through
36 months following iStent implantation with cataract
surgery in a predominantly Hispanic patient popula-
tion. Consistent with the prior 1-year publication for
this study, patients demonstrated meaningful reduc-
tions in IOP and medications over time, while main-
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Concomitant IOP 13.5+1.8 126+1.9 12.7+2.2 126+2.6
(mmHg; Mean + SD) (P=0.028)t

IOP = intraocular pressure; SD, standard deviation
1 paired t-test (comparison versus preoperative). Significance set at P-value < 0.05.
* Excludes data from 1 eye that underwent secondary glaucoma surgery after Month 12 visit.

Figure 3 Mean medication burden and IOP through 36 months postoperative, Controlled Group (goal to reduce medications), Consistent Cohort (n=49).

Table 3 Proportions of eyes with decreased, maintained, or increased medication burden versus preoperative, Controlled Group (n=49)

Medication change vs preop Preop Month 12 Month 24 Month 36
n (%) n (%) n (%) n (%)
Available at Visit 49 43 46 48
Percentage of eyes with decreased # meds from preop N/A 38 39 45
(88.4%) (84.8%) (93.8%)
Percentage of eyes with no change in # meds from preop N/A 5 7 3
(11.6%) (15.2%) (6.2%)
Percentage of eyes with increased # meds from preop N/A 0 0 0
(0.0%) (0.0%) (0.0%)
Abbreviations: Preop, preoperative; n, number of eyes; med, medication; N/A, not applicable.
Preop  mMonth 36
61.2
58.3
n
()]
>
Ll
S 250 26.5
16.7
12.2
0.0 0.0
0 Med 1 Med 2 Meds = 3 Meds
Number of meds preoperatively and at Month 36
Figure 4 Proportional analysis of medication burden through 36 months postoperative, Controlled Group, Consistent Cohort (n=49).
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IOP = intraocular pressure; SD, standard deviation; M, month
1 paired t-test (comparison versus preoperative). Significance set at P-value < 0.05.
* Excludes data from 2 eyes that underwent secondary glaucoma surgery after Month 12 visit.

Figure 5 Mean IOP and medication burden through 36 months postoperative, Uncontrolled Group (goal to reduce IOP), Consistent Cohort (n=38).

taining favorable safety. Results were consistent with
numerous prior studies of iStent implantation in con-
junction with cataract surgery for mild to severe
glaucoma.® 2>

Given that the Controlled and Uncontrolled groups had
distinct surgical goals, this study sought to evaluate post-
operative outcomes in the context of those goals. The
10P

(<18 mmHg) and aimed to decrease medication burden.

Controlled Group already had controlled
Postoperative performance for this parameter included a
clinically and statistically significant (77.3%) reduction in
medications, with 100% of eyes either maintaining or
reducing their medication burden versus preoperative,
and the mean per-patient medication burden reducing by
approximately 2 full medications. The patient-level benefit
of reducing the number of drops must not be underesti-
mated. Multiple studies have shown poor medication
adherence due to side effects, costs, instillation difficulties,
multiple dosing regimens, and patient comorbidities;*®
Additionally, adherence is known to decline dramatically
when the number of topical medications is increased from
one to multiple drops.”’ This can have long-term conse-
quences, as poor medication adherence is a well-known
risk factor for glaucoma progression.>* 2

In the Uncontrolled Group with IOP >18 mmHg and/or
maximum tolerated topical medications, the priority of treat-
ment was to reduce IOP; if medications were reduced as well,
this would be seen as an additional (though not required)
benefit. Postoperative performance for IOP included a sig-

nificant (31.2%) reduction in IOP, with nearly all eyes

achieving IOP <18 mmHg and a substantial portion reaching
IOP <15 mmHg. In addition, medications were reduced by
45.3%, with the mean per-patient medication burden redu-
cing by approximately 1 full medication.

The ability of this treatment modality to achieve two
distinct surgical goals, and in two different clinical popu-
lations (eyes with Controlled and Uncontrolled glaucoma)
is noteworthy. Additionally, these postoperative improve-
ments were sustained consistently through 36 months after
surgery, with no indication of waning effect such as that

33-35

seen with laser trabeculoplasty and/or with customary

transient post-phacoemulsification IOP reduction.**®
These iStent results are consistent with the evidence base
of studies showing durable IOP and medication reductions
after iStent implantation for a variety of glaucoma seve-
rities and clinical settings.® %

Given that glaucoma progression occurs over time, the
long-term VF and RNFL data through 3 years are of
particular interest. Each of these measures remained stable
throughout follow-up versus preoperative values, indicat-
ing preservation of structure and function in this disease.
Other safety parameters were similarly favorable, includ-
ing no intraoperative complications, postoperative events
limited to the immediate postoperative period only, and no
adverse event-related sequelae.

Limitations of this study include its design as an
unmasked, single-arm, retrospective case series. Pre- and
postoperative medication washouts were not completed,
since they are not part of routine clinical practice and

possibly could place patients at risk of glaucomatous
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Number of meds preoperatively and at Month 36

Figure 6 Proportional analysis of medication burden, Uncontrolled Group, Consistent Cohort (n=38).

Table 4 Proportions of eyes with decreased, maintained, or increased medication burden versus preoperative, Uncontrolled Group

(n=38)
Medication change vs preop Preop Month 12 Month 24 Month 36
n (%) n (%) n (%) n (%)
Available at Visit 49 43 46 48
Percentage of eyes with decreased # meds from preop N/A 17 18 25
(48.6%) (50.0%) (69.4%)
Percentage of eyes with no change in # meds from preop N/A 17 16 9
(48.6%) (44.4%) (25.0%)
Percentage of eyes with increased # meds from preop N/A | 2 2
(2.9%) (5.6%) (5.6%)
Abbreviations: Preop, preoperative; n, number of eyes; med, medication; N/A, not applicable.
Table 5 Visual field mean deviation (MD) through 36 months postoperative, Eyes with available data at each visit
Preop Month 24 Month 36
Controlled Group Visual Field 43 42 37
# eyes with measurement available at visit
Mean MD (dB) -9.20 -8.93 -8.29
SD (dB) 8.30 871 8.07
p-value, comparison vs preoperative® N/A 0.212 0.801
Uncontrolled Group Visual Field 32 31 29
# eyes with measurement available at visit
Mean MD (dB) -8.08 —6.63 -8.15
SD (dB) 6.72 9.78 7.57
p-value, comparison vs preoperative® N/A 0618 0.331

Notes: *Paired t-test. All p-values were not significant.
Abbreviations: MD, mean deviation; preop, preoperative.

damage. There was no formal control group to which to
compare the treatment group; however the numerical
values for patients’ preoperative IOP and medications
were considered viable comparators for the postoperative
values. Mean diurnal IOP measurements were not com-
pleted, allowing for possible regression to the mean. As

with any combined surgical intervention, it was not possi-
ble to separate the IOP effect of each procedure (stent
implantation versus phacoemulsification); however since
the observed IOP reduction was greater, and more long-
standing, than the reduction expected after cataract

36-38

surgery, it is probable that stent implantation was the
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Table 6 Mean peripapillary RNFL thickness through 36 months postoperative, Eyes with available data at each visit

Preop Month 24 Month 36

Controlled Group RNFL 37 41 38

# eyes with measurement available at visit

Mean (u) 79.93 78.46 80.32
SD (p) 16.43 15.09 15.38
p-value, comparison vs preoperative® N/A 0.553 0.965
Uncontrolled Group RNFL 28 29 30

# eyes with measurement available at visit

Mean (p) 80.16 80.69 82.26
SD (p) 13.94 12.78 13.46
p-value, comparison vs preoperative® N/A 0.329 0.251

Notes: *Paired t-test. All p-values were not significant.
Abbreviations: RNFL, retinal nerve fiber layer; preop, preoperative.

primary (or likely the sole) cause of the observed 3-year
improvements in IOP and medications. As is the case in
most studies from real-world patient populations, the
accountability of this cohort does not compare with a
formal randomized controlled trial. Incomplete follow-up,
like medication non-adherence, can be problematic for a
large number of glaucoma patients, and thus is an inherent
difficulty in real-world clinical practice and clinical stu-
dies. This difficulty highlights the benefit of using a more
permanent, less compliance-dependent intervention (such
as a micro-invasive surgical implant) to achieve IOP
reduction. Future evaluations from this cohort could
include analyses past 36 months of follow-up, and/or
stratification by type of prior glaucoma surgery, number
medications, or racial

of preoperative glaucoma

background.

Conclusion

In summary, this series demonstrated favorable safety and
significant reductions in both IOP and medication burden
through 36 months after iStent implantation with cataract
surgery in a real-world clinical setting. Importantly, these
favorable outcomes were observed in two subgroups
(Controlled and Uncontrolled) having different degrees
of IOP control, and with regard to both surgical goals
(medication reduction and IOP reduction, respectively).
Finally, this report provides data on long-term outcomes
of MIGS surgery in Hispanic patients, a population that
heretofore has had relatively limited representation in
MIGS studies.
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