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Purpose: The purpose of this study was to evaluate intraocular pressure (IOP) and topical ocular 

hypotensive medication burden at 12 months postoperatively in a predominantly Hispanic patient 

population with primary open-angle glaucoma each implanted with one trabecular micro-bypass 

stent during cataract surgery.

Methods: This was a retrospective, consecutive case series. The main objective was to assess 

reduction of IOP and/or medication burden in all eyes at the 12-month postoperative exam. 

A secondary objective was to assess outcomes in 3 subgroups, distinguished preoperatively by 

IOP control and by medication burden (suboptimal or maximum therapy) and with different 

treatment goals. Group 1 had medication-controlled IOP and goal to reduce medications while 

maintaining IOP control (n=65); Group 2 had uncontrolled IOP on 2 medications and goal 

to reduce IOP and maintain/reduce medication burden (n=31); and Group 3 had uncontrolled 

IOP on 3 medications and goal to reduce IOP and avoid filtering surgery (n=38). Evaluations 

included IOP, medication use, cup-to-disc ratio, visual fields, complications, and interventions. 

One hundred subjects (134 eyes) have been followed for 12 months.

Results: Most patients (80%) were Hispanic and had moderate or severe glaucoma (87%). 

At 12 months, mean IOP reduced to 12.9 mmHg vs 16.5 mmHg preoperatively; 92% had an 

IOP 15 mmHg at 12 months (99% had 18 mmHg). Mean medication burden had decreased 

to 0.9 vs 2.3 preoperatively. At the 12-month time point, 94% of all eyes achieved their pre-

defined treatment goal of reduced IOP and/or medications. Reductions in medication burden 

for Group 1, and in IOP for Groups 2 and 3, were highly statistically significant (P0.001). 

Two eyes in Group 3 had filtering surgery; the remaining 95% avoided such treatment. No other 

complications were reported.

Conclusion: This mainly Hispanic population with predominantly moderate or severe 

glaucoma had substantial reduction of IOP and medication and favorable safety for 12 months 

following stent implantation during cataract surgery, with treatment success achieved in all 

3 subgroups. These data show this stent technology to be effective in Hispanic eyes with more 

advanced disease.
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Introduction
Glaucoma, a progressive degenerative disease causing optic nerve damage, is one of the 

leading causes of blindness worldwide. Currently affecting approximately 60 million 

people worldwide, it is expected to impact 78 million people by the year 2020.1 Until 

recently, glaucoma treatment has been limited to medications, laser treatment, and 

incisional surgery. However, the compliance issues and complications associated with 
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these interventions can hamper their therapeutic effect, and 

in some cases may eliminate future treatment options.2 The 

development of ab interno trabecular micro-bypass stents for 

use during micro-invasive glaucoma surgery has significantly 

changed this treatment landscape. Trabecular micro-bypass 

stent implantation during cataract surgery has been shown 

to safely reduce both intraocular pressure (IOP) and medica-

tion usage through up to 5 years postoperatively in glaucoma 

patients.3–10 Furthermore, this treatment modality has been 

associated with fewer complications than those experienced 

after traditional incisional glaucoma surgery2 or more recent 

suprachoroidal stent procedures.11,12

To date, reports of trabecular micro-bypass stent implan-

tation in conjunction with cataract surgery have involved 

patients with mild-to-moderate open-angle glaucoma (OAG) 

in predominantly non-Hispanic populations. Currently, 

Hispanics comprise 17.4% of the US population, and projec-

tions expect this percentage to rise to 28.6% by 2060.13 This 

population has been found to have a higher incidence and 

prevalence of OAG compared to Whites, with up to 21% of 

Hispanics developing OAG by the age of 80 years.14

The main goal of the current study was to assess post-

operative IOP and medication reduction 12 months after 

combined trabecular micro-bypass stent implantation and 

cataract surgery in a primarily Hispanic patient population 

suffering from mostly moderate-to-severe OAG with vary-

ing degrees of IOP control while on either suboptimal or 

maximum tolerated medical therapy. A second objective 

was to assess outcomes in each of 3 subgroups as compared 

to their preoperative treatment goal. This report summarizes 

IOP, medication use, and safety data through 12 months 

postoperatively.

Materials and methods
study design
This was a retrospective, non-randomized, consecutive case 

series of 168 eyes of 128 patients with primary open-angle 

glaucoma (POAG) who underwent combined phacoemulsifi-

cation cataract extraction and implantation of a single trabe-

cular micro-bypass stent (iStent® Trabecular Micro-Bypass; 

Glaukos Corporation, Laguna Hills, CA, USA) (Figure 1). 

Surgeries were completed by a single surgeon (MG) over a 

2-year period at an outpatient surgery center in El Paso, TX, 

USA. All patients were required to have POAG and cataract 

to be eligible for cataract surgery. Additional inclusion criteria 

included normal angle anatomy and absence of intraocular 

inflammation. Patients were excluded if they had corneal 

opacities preventing gonioscopic view, narrow angles, or angle 

closure. Patients were followed through 12 months postopera-

tively, and follow-up is ongoing. A total of 134 eyes of 100 

patients had follow-up data through 1 year. Before surgery, 

eyes were placed into 3 groups by the surgeon according to 

his standard clinical practice for treating POAG. These groups 

were divided as follows, based on their treatment goal as well 

as level of IOP control (ie, IOP typically considered controlled 

if 18 mmHg) and/or medication burden (suboptimal therapy 

was 0–2 medications; maximum therapy was 3–4 medica-

tions). Group 1 included 65 eyes with IOP controlled on at 

least 1 medication, with the goal to reduce medications while 

maintaining IOP control. Group 2 included 31 eyes with IOP 

not controlled on 2 medications, with the goal to reduce IOP 

and maintain or reduce medication burden. Of the 31 eyes, 9 

eyes were on 0 medication due to medication intolerance, non-

response, or newly diagnosed glaucoma. Group 3 comprised 

40 eyes with uncontrolled IOP and/or on 3 medications, with 

the goal to reduce IOP in order to avoid a filtering surgery. 

The choice of 18 mmHg as the threshold for “uncontrolled” 

IOP was based on the AGIS study which showed minimal 

progression of visual field (VF) loss in eyes with IOP con-

trolled to 18 mmHg over a 6-year period.15 However, for 

patients with more severe glaucoma, medications were added 

to achieve lower IOP, as per the clinician’s standard practice. 

Eyes considered to be “at risk” for a filtering surgery included 

those which would have undergone such surgery by MG in 

the past (prior to the development of iStent); this included all 

patients in Group 3, and certain patients in Group 2 who had 

progressive optic neuropathy and associated VF loss.

Preoperative and postoperative evaluations were com-

pleted by the staff surgeon and site staff, and included IOP, 

topical ocular hypotensive medication use, cup-to-disc (C:D) 

ratio, VFs via automated perimetry, and complications and 

interventions. Preoperative glaucoma severity was determined 

by VF mean deviation using the Hodapp–Parish–Anderson 

staging as mild (0 to -6 dB), moderate (-6 to -12 dB), and 

severe (worse than -12 dB).16 Data collection methods were 

Figure 1 istent® Trabecular Micro-Bypass.
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followed in accordance with 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).

stent description, surgical technique, and 
perioperative medication
The iStent is a titanium, heparin-coated, L-shaped stent 

approximately 1.0 mm in length and 0.33 mm in height, with a 

snorkel bore diameter of 120 µm. The iStent comes preloaded 

in a single-use, disposable, stainless steel inserter designed 

to facilitate ab interno stent insertion into Schlemm’s canal. 

Once implanted, the stent body rests in the Schlemm’s canal, 

and the snorkel resides in the anterior chamber.

Prior work by Samuelson et al has described the implan-

tation technique in detail.3 In brief, the surgeon advances 

the iStent inserter through a temporal clear corneal incision 

after standard phacoemulsification and intraocular lens (IOL) 

implantation. Under gonioprism visualization, the stent is 

gently guided through the trabecular meshwork and into 

Schlemm’s canal in the nasal portion of the aqueous drainage 

system. The stent is released by pushing the button on the 

inserter, and then the inserter is withdrawn.

At the end of the procedure, patients received a 1-week 

course of a topical antibiotic and a 4-week course of a topical 

nonsteroidal anti-inflammatory drug. If a persistent anterior 

chamber cellular reaction was identified at the Week 1 visit, 

a mild topical corticosteroid was prescribed 4 times a day 

for 1 week and tapered over a 6-day period.

Patients returned for postoperative follow-up exami-

nations at Day 1, Week 1, and Months 1, 3, 6, and 12. 

Preoperative and postoperative evaluations included IOP, 

topical ocular hypotensive medication use, C:D ratio, VFs, 

and complications and interventions.

Data analyses
Data analyses for the set of 134 eyes included assessment of 

mean (and standard deviation) IOP and number of medica-

tions used preoperatively and at Month 12, and assessments of 

proportions of eyes with IOP 15 mmHg, IOP 18 mmHg, 

medications 3, and medications =0. Best-corrected visual 

acuity (BCVA), IOP, C:D ratio, VFs via automated perim-

etry, and rates of complications and interventions were 

assessed through 12 months postoperatively. Within each 

treatment group, paired-sample t-tests were used to com-

pare Month 12 change in IOP from preoperative IOP, and 

Wilcoxon signed-rank tests were used to compare Month 12 

change in the number of medications from the preoperative 

number of medications. The significance level (α) was set at 

0.05. No adjustments were made for multiple comparisons.

Results
subject disposition and demographics
A total of 167 eyes with visually significant cataracts and 

POAG were implanted with a single trabecular micro-bypass 

stent at the time of phacoemulsification cataract surgery. 

Of these 167 eyes, 134 had 1-year data, with the principle 

reason for absent data being loss to follow-up; there were 

also 2 patients within Group 3 who required secondary surgi-

cal intervention and thus were not included in the IOP and 

medication analyses (Table 1).

Table 2 summarizes the baseline demographic charac-

teristics of this predominantly Hispanic study population. 

Preoperative glaucoma stage was severe (45%), moderate 

(42%), or mild (13%) according to the Hodapp–Parish–

Anderson staging criteria (Table 3).16 Fourteen eyes had 

undergone 17 prior glaucoma surgeries, including selective 

laser trabeculoplasty (n=8), laser peripheral iridotomy (n=4), 

trabeculectomy (n=2), Express® (Alcon Laboratories, Fort 

Worth, TX) shunt (n=2), and Ahmed implant (n=1).

iOP and medication use
When analyzing all 134 eyes with data through Month 12 col-

lectively, 94% were found to be able to achieve reduced IOP 

and/or medication burden after surgery. Mean IOP reduced 

to 12.9±2.1 mmHg from 16.5±3.7 mmHg preoperatively; 

92% of eyes had an IOP 15 mmHg, and 99% had an 

IOP 18 mmHg (vs 40% 15 mmHg and 75% 18 mmHg 

preoperatively; Figure 2). The medication burden dropped 

to 0.9±1.2 from 2.3±1.1 medications preoperatively. 

At 12 months, 17% of eyes were on 3 medications vs 56% 

of eyes preoperatively; 54% were medication-free compared 

to 7% preoperatively. Further, the subset of eyes that were not 

on medication preoperatively continued to be medication-free 

Table 1 Patient accountability at 12 months

n (%)

eyes with preoperative data 167 (100)
eyes with 1-year data 134 (80.2) (100 subjects)
eyes not available for analysis 33 (19.8)
reasons not available for analysis

lost to follow-up 27 (16.2)
Deceased (nonsurgically related) 2 (1.2)
secondary surgical intervention 2 (1.2) group 3 patients
Moved to different city 1 (0.6)
hospice care 1 (0.6)
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at Month 12. Of the 46 eyes considered to be at risk for a 

filtering procedure, 44 (96%) were able to avoid such treat-

ment through 12 months postoperatively.

Group 1 included 65 eyes with controlled IOP on at least 

1 medication and goal to reduce medications. At Month 

12, mean medication burden was 0.6±1.1 vs 2.4±-0.9 pre-

operatively, a statistically significant reduction (P0.001; 

Figure 3). Postoperatively, 69% of eyes were medication-

free, and 11% were on 3 medications (vs 57% preopera-

tively). In addition, IOP was not only maintained but also 

actually decreased slightly, to 12.7±1.9 mmHg at 12 months 

from 13.±1.8 mmHg preoperatively. The mean IOP change 

from preoperative value at 12 months was -0.88 mmHg with 

a 95% confidence interval of (-1.43, -0.32) mmHg.

Group 2 included 31 eyes with IOP not controlled on 2 

medications and the goal to reduce IOP. When analyzing 

this group individually, 100% of eyes had reduced IOP at 

12 months. Mean IOP decreased to 12.6±2.1 mmHg from 

19.1±2.4 mmHg preoperatively. This reduction in IOP 

was statistically significant (P0.001; Figure 4). Further, 

all eyes had an IOP 18 mmHg at 12 months vs 45% of 

eyes at this level preoperatively. In addition to this IOP 

reduction, medications decreased to 0.4±0.7 from 1.1±0.8 

preoperatively. While only 29% of eyes were medication-

free preoperatively, 68% were medication-free at 12 months, 

with no eyes increasing the number of medications from 

preoperative number.

Group 3 included eyes with uncontrolled IOP and/or 

on 3 medications, with the goal to reduce IOP to avoid 

a filtering surgery. Of the original 40 eyes in this group, 

95% (38 of the 40 eyes) achieved their predefined treat-

ment goal of reduced IOP and avoidance of filtering surgery. 

In these eyes, mean IOP decreased to 13.6±2.3 mmHg 

from 19.3±3.1 mmHg (statistically significant reduction; 

P0.001), with 97% of eyes with IOP 18 mmHg vs 55% 

preoperatively (Figure 5). Medication burden decreased to 

1.8±1.2 from 3.2±0.4 preoperatively. While 100% of eyes 

were on 3 medications preoperatively (with 16% on 4+ 

medications), 42% were on this level at 12 months. Two 

eyes (5%) required secondary surgical intervention (filtration 

surgery using an Express device), but the remaining 38 eyes 

(95%) were able to avoid filtering surgery through 12 months 

postoperatively.

safety assessment
No intraoperative ocular adverse events occurred, includ-

ing possible events such as hyphema, iris damage, corneal 

injury, or failure to implant the stent or IOL. For all eyes 

collectively, as well as for each of the 3 groups, C:D ratio and 

VF (mean deviation) values remained similar at 12 months 

postoperatively vs preoperative levels. Month 12 BCVA Table 3 Preoperative ocular parameters (134 eyes)

eye 42% OD, 58% Os
glaucoma severity 45% severe

42% moderate
13% mild

Cup:disc ratio, mean ± sD 0.7±0.2
Visual field (mean deviation), mean ± sD -9.1±8.3 dB
Prior surgeries (n) 17 (14 eyes)

slT n=8
lPi n=4
Trabeculectomy n=2
express® shunt n=2
ahmed implant n=1

Abbreviations: OD, oculus dexter; Os, oculus sinister; sD, standard deviation; 
slT, selective laser trabeculoplasty; lPi, laser peripheral iridotomy.

Figure 2 Preoperative vs Month 12 postoperative iOP and medication use – all 
eyes (n=134).
Abbreviations: iOP, intraocular pressure; M12, Month 12; meds, medications.

Figure 3 Preoperative vs Month 12 postoperative iOP and medication use – 
group 1 (n=65).
Abbreviations: iOP, intraocular pressure; M12, Month 12; meds, medications.

Table 2 Patient demographics (100 subjects)

80% hispanic
14% White
6% Black
61% female
37% male
Mean age 74.6±8.9 years old (median 75, range 43–100)
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improved, such that 83% of eyes achieved a BCVA of 

20/40 or better after surgery (vs 20% preoperatively) and 

8% achieved a BCVA of 20/50 to 20/80. The 12 eyes with 

Month 12 BCVA of 20/100 or worse had severe glaucoma 

and 20/100 or worse BCVA preoperatively. Two patients in 

Group 3 required secondary surgical intervention (filtration 

surgery using an Express device). No other adverse events 

were reported.

Discussion
In this group of predominantly Hispanic patients, 86.5% of 

whom had moderate-to-severe glaucoma and over half of 

whom had a substantial preoperative medication burden, 

results 1 year following implantation of 1 iStent during 

cataract surgery showed treatment success in 94% of all eyes 

vs original treatment goal of reduced IOP and/or medica-

tions. Clinical findings included reduction in mean IOP to 

12.9±2.1 mmHg vs 16.5±3.7 mmHg preoperatively, with 

92% of eyes with an IOP 15 mmHg and 99% with an 

IOP 18 mmHg, and reduction in mean number of medica-

tions to 0.9 vs 2.3 preoperatively.

Considering the higher incidence and prevalence of 

OAG development in Hispanic patients vs Caucasian 

patients,14 the present study showing clinical outcomes 

of iStent–cataract surgery in a predominantly Hispanic 

population fills a key gap in the literature. Prior studies 

have demonstrated the effectiveness and safety of trabecular 

micro-bypass stent implantation in conjunction with cataract 

surgery for mild-to-moderate glaucoma in predominantly 

Caucasian cohorts.3–10 There is a relative paucity of glaucoma 

studies in Hispanic patients, who currently comprise 17.4% 

of the US population and are estimated to increase by 64% 

over the next half-century.13

In addition, the present study focuses on more advanced 

stages of glaucoma than most prior studies of iStent out-

comes. In these more advanced glaucoma patients, treatment 

success (as indicated by IOP and/or medication reduction) 

was achieved across all 3 predefined surgical goals In par-

ticular, 96% of eyes at risk for a filtering procedure were 

able to avoid such treatment through 1 year postoperatively. 

Taking into account the postoperative infection rates and 

other complications, and long-term follow-up (eg, bleb 

needling, etc.) associated with filtering surgery,2 as well as 

the commensurate considerable health care costs,17 avoidance 

of such surgery may offer improved patient quality of life as 

well as significant cost savings.

Furthermore, the study was completed in a real-life 

clinical setting, where the goals of iStent surgery may differ 

based on the patient and disease state. For example, for 

patients in Group 1 (ie, patients with controlled IOP who 

would benefit from fewer medications), treatment success 

may be defined by reduced medication burden rather than 

reduced IOP. This medication reduction is important, given 

the notable increase in adherence rates when patients go 

from multiple eyedrop bottles to only 1 bottle,18–20 as well 

as the considerable costs of generic and brand-name topical 

medications.21 Since the majority of glaucoma patients have 

at least 1 additional chronic condition requiring medication,22 

a reduction in number of medications would be beneficial 

for both adherence and cost. Alternatively, for patients in 

Group 2 (ie, patients with uncontrolled IOP despite using 2 

medications, or patients with uncontrolled IOP who are intol-

erant to topical medications), treatment success may be more 

accurately defined by reduced IOP rather than reduced medi-

cations. Given this real-life clinical population, this study’s 

high success rate – both in the overall set of eyes and in the 

different subgroups – is an important finding.

Figure 5 Preoperative vs Month 12 postoperative iOP and medication use – group 3  
(n=38).
Abbreviations: iOP, intraocular pressure; M12, Month 12; meds, medications.

Figure 4 Preoperative vs Month 12 postoperative iOP and medication use – group 2  
(n=31).
Abbreviations: iOP, intraocular pressure; M12, Month 12; meds, medications.
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The safety data were very favorable, with no patients 

experiencing complications or adverse events associated 

with conventional glaucoma filtering procedures such as 

endophthalmitis, bleb formation, hypotony, and fibrosis. 

In addition, no patients experienced the complications 

reported to occur at a clinically significant rate with more 

invasive suprachoroidal stent procedures, such as peripheral 

anterior synechiae, inflammation, hypotony, and implant 

obstruction.11,12 In our study, 2 patients at risk of filtering 

surgery required additional surgical intervention (filtration 

surgery using an Express device). Overall VF measures and 

C:D ratio did not appear different from preoperative values, 

and improvement of BCVA after cataract surgery was 

maintained through 12 months postoperatively. There are 

several limitations to this retrospective, single-site study. One 

inherent artifact of retrospective analysis is the absence of a 

control group. Previous work has compared outcomes of stent 

placement with and without cataract surgery and has shown a 

treatment effect for stent–cataract surgery vs cataract surgery 

alone.3,4 In contrast, the goal of our study was to assess out-

comes in a novel patient population (primarily Hispanic) and 

in a more advanced stage of glaucoma. Although we did not 

include a concurrent control group of cataract surgery alone, 

we considered preoperative IOP to be a valid control for 

comparison, as IOP is an objective numeric measure.

Another artifact of the retrospective design is that pre-

operative and postoperative medication washouts were not 

completed, as these are not customarily done in standard 

clinical practice and could place at risk patients with mod-

erate or severe disease such as those in our study. Twelve-

month postoperative data were not available for each patient; 

and diurnal IOP measurements were not measured. Patients 

did not fulfill specific inclusion criteria, but rather comprised 

a consecutive series from the author’s clinical practice. 

Finally, this report summarizes data at 12 months. A future 

report from this study can encompass events at various time 

points vs only 1 postoperative time point, as well as longer 

postoperative follow-up. In addition, future analyses can 

further stratify outcomes by ethnicity, surgical goals, and 

history of filtering surgery.

In summary, not only does this study show the value of 

using stent technology to safely reduce IOP and medication 

burden, but it also does so across a demographically diverse 

patient population with more advanced glaucoma and sub-

stantial need for better glaucoma control.
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