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Purpose: To investigate the long-term safety and efficacy of an iStent trabecular microbypass

stent in combination with cataract surgery in eyes with primary open-angle glaucoma (POAG).

Setting: Private practice; Sioux Falls, South Dakota.

Design: Retrospective, consecutive case series.

Methods: This case series included eyes implanted with a single trabecular microbypass

stent in combination with phacoemulsification in patients with mild to severe POAG. Data

were collected preoperatively and at day 1, week 1, month 1, and up to 6 years post-

operatively. Primary outcome measures included mean intraocular pressure (IOP) and num-

ber of glaucoma medications. Safety was noted by assessing the incidence of IOP spikes and

need for additional surgery.

Results: The study comprised 411 eyes. Mean IOP was reduced to 14.9±4.2 mmHg

compared to 18.8±5.6 mmHg at baseline at 6 years postoperative. The mean number of

medications was reduced to 1.2±1.0 from 1.4±1.1 at baseline. In eyes with severe stage of

disease, there was a mean IOP reduction >6 mmHg at 6 years postoperative. Eyes with

baseline IOP ≥18 mmHg achieved a more robust reduction in IOP. Fifteen eyes underwent

a secondary glaucoma procedure. There were no intra- or postoperative complications.

Conclusion: Trabecular microbypass stent implantation in combination with cataract sur-

gery provides a sustained IOP reduction in eyes with mild-to-severe POAG. The degree of

IOP reduction was more significant in eyes with higher baseline IOP and severe stage of

disease.

Keywords: microinvasive glaucoma surgery, MIGS, trabecular microbypass stent, surgical

glaucoma, primary open-angle glaucoma

Introduction
Glaucoma is a leading cause of irreversible blindness globally, and disease burden

is only expected to worsen with an estimated 111 million cases by 2040.1 Current

approaches to treatment are focused on decreasing intraocular pressure (IOP), the

only modifiable risk factor associated with the development and progression of

open-angle glaucoma (OAG).2 Early in the disease process, ocular hypotensive

pharmacotherapy has been an effective first-line treatment.3 However, topical

therapies carry issues related to not only the tolerability, but also the consistency

in drug administration, leading to poor compliance with therapy.4,5 While tradi-

tional surgical filtering procedures such as trabeculectomies and tube shunts remain

options, they carry a significant risk profile.6,8
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Minimally invasive glaucoma surgery (MIGS) is an

established and growing space of new treatment options

for primary and secondary OAG that offers a superior

safety profile to traditional glaucoma procedures and can

safely be combined with cataract surgery, as well as other

MIGS procedures.9,10 The introduction of MIGS has sti-

mulated a more proactive, interventional approach in the

treatment of mild-to-moderate glaucoma, reducing the bur-

den and minimizing the problems typically observed with

topical glaucoma medications.11,12 MIGS procedures are

safe and preserve the flexibility for future surgical

intervention.13,14 The first FDA-approved MIGS device,

the trabecular microbypass stent (iStent, Glaukos Corp.),

was introduced in 2012 and has been extensively studied

in patients with primary open-angle glaucoma, particularly

in the short-term.15,18 There have been few studies, how-

ever, reporting long-term data in these patients.19

This study aims to investigate the long-term safety and

efficacy of the trabecular microbypass stent placed in

combination with cataract surgery in patients with POAG

with outcomes out to 6 years postoperative. As stated

previously, while short-term effectiveness and safety is

widely known, longer term data is scarce and minimal.

This study represents a continuation and expansion of

a previous retrospective, consecutive case series that pro-

vided results out to 24 months, published in 2016.16

Methods
Study Design
Consecutive patients implanted with a single trabecular

microbypass stent in combination with cataract surgery

were included in this retrospective case series. Patients

included had a preoperative diagnosis of mild-to-severe pri-

mary open-angle glaucoma. Staging of disease was based on

the American Academy of Ophthalmology preferred practice

pattern guidelines consistent with optic nerve and visual field

changes (mild: no changes on white-on-white 24–2; moder-

ate: changes in one hemifield and not within 5 degrees of

fixation; severe: changes in both hemifields or changes

within 5 degrees of fixation in at least one hemifield).3 No

cases were excluded. This study was designed to mimic

typical clinical use of the device and provide real-world

long-term data. This was a retrospective case series that

collected data from procedures that had already occurred

and was de-identified; therefore, no informed consent pro-

cess was utilized. The University of South Dakota

Institutional Review Board approved this study.

Surgical Technique
The surgical technique in this study is identical to what

was initially described in the previous study that evaluated

outcomes through 24 months postoperatively.16

Postoperative Medications and Follow-Up
Postoperatively, patients were prescribed antibiotics for 1

week, a daily non-steroidal anti-inflammatory drug for 4

weeks and a topical steroid for 4 weeks. Patients were kept

on their preoperative ocular hypotensive medications for at

least 1 week and the decision to remove/stop medications

was based on clinical judgment. As opposed to the pro-

spective, restrictive clinical trials, no specific guidelines

were utilized postoperatively to guide the decision to add

or remove ocular hypotensive medications.

Preoperative data were used to establish a baseline, typi-

cally 1–2 weeks before the surgery. Postoperatively, data were

collected from the following time points to compare to base-

line: 1 day, 1 week, months 1, 3, and 6, as well as yearly out to

6 years postoperatively. At each time point, the data collected

included IOP in addition to number and type of medications

used. A consistent cohort group, a subgroup of eyes with

6-year data available, was also established to directly compare

the eyes with 6-year postoperative data to baseline.

Outcome Measures and Safety Evaluation
The main outcome measures in the study were mean IOP

as well as the mean number of ocular hypotensive (glau-

coma) medications. Combination glaucoma medications

(eg, dorzolamide-timolol) were logged as two medications

in the data set. The baseline IOP, collected via Goldmann

applanation tonometry, was obtained from the visit imme-

diately prior to surgery and was based on a single measure.

To evaluate the safety of the procedure, the need for

additional surgery was noted in addition to the incidence

of IOP spikes above baseline greater than or equal to 15

mmHg at any time point postoperatively. The type of

secondary glaucoma procedure was also noted and eyes

that underwent an additional procedure were included in

the data set until the point of secondary intervention.

Statistical Analyses
A parametric paired t-test procedure was used to determine

the significance of the mean change in IOP from baseline to

all time points 6 months postoperatively (eg, 1 year, 2 years,

etc.). To compare the mean change in the number of glau-

coma medications, parametric paired t-test procedures were
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also employed to compare values at baseline versus post-

operative time points. All the statistical analyses in this paper

were carried out using SAS software (Version 9.4, SAS

Institute, Cary, NC, USA). An α level of 0.05 was considered
statistically significant.

Results
This retrospective, consecutive case series included 411 eyes

in a clinical, real-world setting that underwent successful

implantation of one trabecular microbypass stent (iStent) in

combination with cataract surgery. At 6 years postopera-

tively, data was available for 120 of the 411 eyes included

at baseline. In the data set, 247 of the 411 eyes were female

and 164 were male. Table 1 demonstrates a summary of the

preoperative characteristics of the study population.

Efficacy: Intraocular Pressure and

Medications
Figure 1 shows the mean IOP and number of glaucoma

medications for all eyes included in the retrospective chart

review. Through 6 years postoperatively, the mean IOP and

number of medications were collected and analyzed at each

postoperative time point. At baseline, the mean IOP was 18.8

±5.6 mmHg and the mean number of glaucoma medications

was 1.4±1.1. At 6 months postoperatively, the IOP was 14.9

±3.9 mmHg (P<0.01). This reduction was largely sustained

with the mean IOP remaining <15.5 mmHg at each time

point out to 6 years after surgery with a mean IOP of 14.9

±4.2 mmHg (P<0.01). For medication use, the mean number

of medications was 0.7±1.0 at 1 year postoperatively. At 3

years postoperatively, the mean number of medications was

0.9±1.1, increased from 0.8±1.1 at 2 years postoperatively.

At 6 years postoperatively, the mean number of medications

was 1.2±1.0 (P>0.05).

This study utilized a consistent cohort to directly com-

pare the eyes with data available at 6 years postoperative to

baseline. The mean IOP and glaucoma medications for the

consistent cohort is shown in Figure 2. In this cohort, the

baseline characteristics included a mean IOP of 18.6±6.4

mmHg and a mean of 1.6±1.1 medications. At 3 years

postoperatively, the mean number of medications was 1.1

±1.0 and the mean IOP was 15.3±3.7 mmHg. Six years

after surgery, the mean IOP was reduced from baseline by

20% to 14.9±4.2 and the mean number of drops was 1.2

±1.1. In the consistent cohort, eyes on ≥1 medication(s) at

baseline decreased the number of medications from a mean

of 1.9±0.9 at baseline to 1.4±1.1 at 6 years postoperative. In

addition, eyes in the consistent cohort with a baseline IOP

≥18 mmHg had a year 6 mean IOP of 15.9±4.7 compared to

23.2±5.9 mmHg at baseline.

This study also stratified results based on baseline IOP,

baseline number of medications, and glaucoma severity. In

eyes with a baseline IOP ≥18 mmHg, the mean IOP prior to

surgery was 22.5±4.6 mmHg. At 1 year postoperatively, the

mean IOP was 16.6±4.2 mmHg and this reduction in pressure

was maintained to 6 years postoperatively with a mean IOP of

15.9±4.7 mmHg (P<0.01). For medication use in this cohort,

the mean number of medications was 1.0±1.0 (P>0.05) at 6

years postoperatively, down from 1.3±1.1 at baseline.

As mentioned previously, primary open-angle glaucoma

severity was staged based on the AAO preferred practice

pattern guidelines. In eyes with mild (n=234) stage of dis-

ease, prior to the surgery, the mean IOP was 19.0±5.5 and

the mean number of medications was 1.1±1.0. At 3 years

postoperative, mean IOP was 15.9±3.8 (P<0.01) and medi-

cations were reduced to 0.6±1.0 (P<0.05). At 6 years after

surgery, the mean IOP was 16.4±3.9 mmHg (14% reduction

from baseline) and the mean number of drops was 0.9±1.0

(P>0.05). In the moderate (n=93) stage of the disease

Table 1 This Table Demonstrates Baseline Subject Characteristics

of All Eyes Included in the Study. Preoperative Characteristics

Parameter

Age, years (Mean, SD) 76.7 ± 8.8

Gender (M/F) 247 F/164 M

No. of medications

Mean (SD)

No. on 0 meds

No. on 1 meds

No. on 2 meds

No. on 3 meds

No. on 4 meds

1.4 (1.1)

97 (24%)

155 (38%)

81 (20%)

65 (16%)

13 (3%)

Mild OAG

Mean Preop meds (n) ± SD

Mean Preop IOP (mm Hg)

eyes (n)

1.1 ± 1.0

19.0 ± 5.5

234

Moderate OAG

Mean Preop meds (n) ± SD

Mean Preop IOP (mm Hg) ± SD

eyes (n)

1.4 ± 0.9

17.8 ± 4.9

93

Severe OAG

Mean Preop meds (n) ± SD

Mean Preop IOP (mm Hg) ± SD

eyes (n)

2.1 ± 1.3

19.3 ± 6.4

84

Abbreviations: IOP, intraocular pressure; OAG, open-angle glaucoma; OD, right;

OS, left.
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subgroup, the mean year 6 IOP was reduced to 13.3±3.9

(P<0.01) mmHg (25% reduction) compared to 17.8±4.9

mmHg at baseline and the year 6 number of medications

was 1.3±1.0 (P>0.05) versus 1.4±0.9 at baseline. In the

severe (n=84) POAG subgroup, the mean IOP at 6 years

was 13.0±3.9 (P<0.01) mmHg compared to 19.3±6.4 mmHg

at baseline (33% reduction); the mean number of medica-

tions at 6 years was 1.7±1.3 (P>0.05), down from 2.1±1.3 at

baseline. Figure 3 shows the comparison of IOP and medi-

cation reduction stratified by disease severity.

In the subset of eyes (n=159) being actively treated

with ≥2 medication(s) at baseline, the year 6 mean number

of medications was 1.7±1.2 (P<0.01), down from 2.6±0.7

preoperatively (35% reduction). In the subgroup of eyes

with ≥3 glaucoma medications preoperatively, the mean

medication burden was reduced to 2.0±1.0 (P<0.01)

at year 6 compared to 3.2±0.6 preoperatively (1.2 medica-

tion decrease). In eyes not being treated with medication

prior to the surgery, the mean number of medications was

increased to 0.5±0.7 at 6 years postoperatively.

Proportional IOP analyses were also performed. At base-

line, 59% of eyes had a baseline value ≤18 mmHg and 26%

had baseline IOP ≤15 mmHg. By 1 year postoperative, the

proportion of eyes with ≤18 mmHg increased to 81% and the

Figure 1 This figure demonstrates the mean IOP and number of glaucoma medications for all eyes included in the study out to 6 years postoperative. The error bars

represent standard deviation.

Figure 2 The mean IOP and number of glaucoma medications is shown for eyes in the consistent cohort. The consistent cohort is composed of eyes with 6-year data

available and was established to directly compare this subset to baseline. The error bars represent standard deviation.
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proportion of eyes with ≤15mmHg increased to 53%. In both

subgroups, these values demonstrated stability out to 6 years

postoperative with 83% of eyes at ≤18 mmHg and 53% of

eyes remaining at ≤15 mmHg. These results are shown in

Figure 4.

The magnitude of IOP reduction was also evaluated

based on the baseline IOP in the consistent cohort (eyes

with 6 year data available). To compare the magnitude of

IOP reduction, the 6 year IOP was logged and compared to

baseline. In eyes with a baseline IOP of 18–20 mmHg

(n=23), the mean reduction in pressure was 3.6 mmHg at 6

years. In the subset of eyes with a baseline IOP ≥21

mmHg (n=36), the mean reduction in IOP was 9.7

mmHg, more than double than was observed in eyes

with a baseline IOP 18–20 mmHg. Eyes with a baseline

IOP <18 mmHg did not achieve a meaningful reduction in

IOP at 6 years postoperatively with a 0.2 mmHg decrease

in pressure.

Safety Profile
All patients included in the study had successful implantation

of the device without perioperative complications. Over the

6-year follow-up period, no patients had sight-threatening

complications including no hypotony, maculopathy, retinal

detachment, or endophthalmitis. Twenty-five (6%) eyes had

an of IOP increase ≥15 mmHg above baseline in the

Figure 3 This figure demonstrates the mean IOP and number of glaucoma medications stratified by glaucoma severity at baseline and 6 years postoperative. The graph on

the left compares mean IOP and the graph on the right compares mean number of glaucoma medications.

Figure 4 This figure demonstrates the IOP proportional analyses including the percentage of eyes at each time point with IOP ≤15 mmHg and IOP ≤18 mmHg.
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postoperative period, most of which occurred in the first

month postoperatively and responded to topical therapy.

Fifteen eyes (4%) underwent a secondary glaucoma proce-

dure, with nine undergoing a secondaryMIGS procedure and

six undergoing a filtering procedure. No other ocular adverse

events were identified postoperatively. Specifically, there

were no reports of stent obstruction, hypotony, or inflamma-

tory sequelae such as peripheral anterior synechiae.

For visual outcomes, at 6 years postoperative, 94% of

eyes had corrected-distance visual acuity (CDVA) of 20/40

or better. Additionally, 75% of eyes achieved a vision of

20/25 CDVA or better at this time point.

During the 6-year follow-up period, 26 of the eyes

included in the study died, all of which were unrelated to

implantation of the device.

Discussion
The introduction of MIGS has altered the management of

open-angle glaucoma, particularly those with mild–moderate

stage of disease needing additional IOP reduction not achiev-

able with conservative treatment options, but do not yet

warrant the need for an aggressive filtering procedure and

associated risks.20 MIGS has been demonstrated to be of

particular value for reducing medication use. Owing to the

recognized side effects of topical medication use and the

reduced adherence with >1 drop, reduction of the medication

burden in any capacity has long-term benefits for

patients.21,23 Over the past decade, the MIGS category has

grown immensely with devices targeting different anatomi-

cal regions for IOP reduction, enabling clinicians to provide

an individualized approach to treatment. The wealth of

options currently available may contribute to indecision

from clinicians when choosing a procedure and, thus, it

remains critical to continue investigating the different

devices to identify whether certain patient- or disease-

specific factors exist to tailor the MIGS device selection

process.10,13

The short-term safety and efficacy of the trabecular

microbypass stent in combination with cataract surgery is

well documented by numerous studies; however, long-

term data is scarce with the vast majority of studies

demonstrating outcomes out to 12–36 months

postoperative.17,24,26 Given the significant risks associated

with traditional filtering glaucoma surgery as well as the

propensity of the initial IOP reduction in laser trabeculo-

plasty to fade with time, the long-term data from these

studies are of increasing utility.6,8,27,28 This study contains

results out to six years post-operatively, making it one of

the longest follow-up periods to date for trabecular micro-

bypass stents in eyes with open-angle glaucoma. This

study includes eyes with mild-to-severe stage of disease

and the large sample size permitted comparison of the

safety/efficacy of the procedure based on disease severity.

Given the lack of studies evaluating MIGS devices in

severe stage of open-angle glaucoma,29 the results of this

study also provide additional insight into the use of MIGS

in this patient population.

The study preceding this long-term study showed

a meaningful reduction in IOP and medication use out to

24 months postoperatively.16 The results of this present

study highlight the sustainable IOP-lowering ability of the

trabecular microbypass stent in combination with cataract

surgery with results out to 6 years postoperatively. In this

study, the mean IOP at 6 years was 14.9±4.2 mmHg and

the IOP remained <15.5 mmHg at all time points post-

operatively, down from 18.8±5.6 mmHg at baseline,

demonstrating the sustained pressure reduction.

Furthermore, the proportion of eyes with IOP ≤15 mmHg

at 1 year (53%) was maintained and stable through 6 years

postoperative. For medication use, although there was an

overall decrease in the medication burden at 6 years post-

operative, there was an upward trend of medication use

starting at 3 years postoperative. At 2 and 3 years post-

operative, the mean number of medications was 0.9±1.1

and 1.1±1.0, respectively. At the year 6 time point, the

mean number of medications was 1.2±1.1, down 21%

from baseline. The long-term results of this study also

highlight the use of this device in eyes with severe stage

of disease, which has been previously demonstrated out to

24 months postoperative in a prior study exclusively eval-

uating severe POAG from the same practice. In this pre-

sent study, there was an impressive IOP reduction, >6

mmHg, in this population down to 13.0±3.9 mmHg at 6

years postoperative.

With respect to the long-term safety of this procedure,

the safety profile observed through 6 years was not mark-

edly dissimilar than what was demonstrated through the

first 24 months. The short-term safety profile of the trabe-

cular microbypass stent has been corroborated by multiple

studies.15,26 The long-term data is important as the trabe-

cular microbypass stent avoids the well-documented later

complications of filtering surgeries (ie, bleb-related issues,

hypotony, astigmatism).30,31 Long-term safety is important

to consider and recognize as quality-of-life is proposed as

a notable benefit of the MIGS procedures, particularly

with respect to the trabecular microbypass stent.10
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The IOP-lowering benefit of cataract surgery alone has

been established by numerous studies32 including the Ocular

Hypertension Treatment Study (OHTS).33 In the OHTS trial,

patients undergoing phacoemulsification alone achieved

a 17% decrease in IOP and the reduction in IOP was propor-

tional to baseline IOP with eyes <22.3 mmHg achieving an

11% reduction in IOP. In the OHTS trial, the mean baseline

IOP was 23.9 mmHg, which makes it difficult to compare to

the results of this study given the lower baseline IOP in our

study (18.8 mmHg). However, recognizing that IOP reduc-

tion is proportional to baseline IOP, the 20% reduction at 6

years from baseline in the consistent cohort in this study

suggests the trabecular microbypass stent augments the IOP

reduction observed with phacoemulsification alone, which is

consistent with prior studies demonstrating the IOP-lowering

ability of the stent alone.24,34

While these results continue to be promising for the

treatment of OAG, this study is not without limitations. The

design of this study was open-label and nonrandomized. It

was also retrospective in nature which prohibits a uniform

follow-up pattern that contributes to missing data at specific

time points. The loss to follow-up is a drawback of the study

and it’s possible that patients lost to follow-up may have

undergone an additional procedure elsewhere which limits

our conclusions related to the long-term safety profile of the

device. However, given that this was a retrospective case

series ranging from 2012 to 2015, over 30% of cases were

taken from 2014/2015 and thus 6-year data was not available

for these eyes. Despite these limitations, this study provides

a large sample size and the longest follow-up data to date

evaluating the safety and efficacy of this device in conjunc-

tion with cataract surgery. Moreover, this study was

a consecutive case series that did not utilize inclusion or

exclusion criteria and is representative of a typical clinician’s

real-world patient population.

To our knowledge, this long-term study presents the long-

est follow-up data of a study evaluating the iStent trabecular

microbypass stent and represents the largest sample size

published to date with >400 eyes included. The large sample

size of this study enabled stratification of results based on

glaucoma severity and baseline characteristics that provides

valuable insight. The findings of this study support the use of

the device in mild-to-severe stage of disease. Moreover, eyes

with a higher baseline IOP (eg, ≥18 mmHg) achieve a more

robust reduction in IOP. Despite being retrospective, this

study provides important insight regarding the long-term

safety and efficacy of the trabecular microbypass stent in

combination with cataract surgery.
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