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Purpose: To assess the utility and safety of implanting two second-generation trabecular 

micro-bypass stents following cataract surgery in eyes with mild to advanced glaucoma or 

ocular hypertension (OHT).

Patients and methods: Retrospective study of iStent®inject trabecular micro-bypass implanta-

tion with cataract surgery by five surgeons at five sites in Australia. Eyes had mild to advanced 

glaucoma (predominantly primary open-angle, appositional angle-closure, or pseudoexfoliative 

glaucoma) or OHT and cataract requiring surgery. Effectiveness measures included intraocular 

pressure (IOP); medication burden; and proportions of eyes with no medications, $2 medica-

tions, stable or decreased medications vs preoperative, and IOP #18 mmHg. Safety measures 

included visual acuity, cup-to-disc ratio (CDR), visual field (VF), complications, adverse 

events, and secondary surgical interventions. Patients have been followed for 12 months, and 

follow-up is ongoing.

Results: Of the 290 total eyes that underwent surgery, 165 eyes had 12-month outcomes at 

the time of data collection and are included in this report. In these eyes, mean Month 12 IOP 

reduced by 23.2% from 18.27±5.41 mmHg preoperatively to 14.04±2.98 mmHg (P,0.001), 

with 95.8% of eyes achieving Month 12 IOP of #18 mmHg vs 60.6% preoperatively. Mean 

number of medications at 12 months decreased by 71.5%, 0.47±0.95 vs 1.65±1.28 preoperatively; 

76.4% of eyes were on zero medications vs 17.6% preoperatively (P,0.001); 14.5% of eyes 

were on $2 medications vs 46.7% preoperatively (P,0.001); and 98.2% of eyes maintained or 

reduced medications vs their preoperative regimen. Favorable safety included no stent-related 

intraoperative complications; limited and transient postoperative adverse events; and stable 

CDR, VF, and visual acuity. Three eyes with more advanced disease underwent additional 

glaucoma surgeries.

Conclusion: iStent inject implantation with cataract surgery significantly and safely reduced 

medications and IOP in eyes with various types and severities of glaucoma within a multicenter, 

multi-provider, real-life setting.

Keywords: microinvasive glaucoma surgery, MIGS, glaucoma, iStent inject, intraocular 

pressure, second-generation, medication, safety

Introduction
Microinvasive glaucoma surgery (MIGS) has become a viable option for the treatment 

of mild to moderate glaucoma, with increasing use particularly over the past decade.1 
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Trabecular bypass microstents can be inserted ab interno 

into the trabecular meshwork with minimal trauma through a 

small peripheral clear corneal incision, or through the phaco-

emulsification incision after cataract surgery. Randomized, 

controlled trials have shown significant reductions in 

both intraocular pressure (IOP) and medication use after 

implantation of one or more microstents in conjunction 

with cataract surgery, beyond the reductions achieved with 

cataract surgery alone.2–4

Although trabeculectomy traditionally has been the 

gold standard incisional surgical treatment for elevated 

IOP, a recent survey by the American Glaucoma Society 

shows substantial use of MIGS in patients with glau-

coma undergoing cataract surgery. In this survey, cataract 

surgery was combined with trabeculectomy by 24%±23% 

of surgeons, while MIGS procedures were chosen by 

22%±27% of surgeons, in patients with primary open-

angle glaucoma (POAG) and visually significant cataract.11 

Implantation of MIGS devices can decrease patient reliance 

on pharmacologic eye drops, whose utility often is limited 

by side effects,5,6 suboptimal adherence in the great majority 

of patients, and improper application.7–9 MIGS surgery also 

spares the conjunctiva and avoids filtering blebs, improving 

patient safety, and quality of life.10

The iStent® trabecular micro-bypass stent (Glaukos 

Corporation, San Clemente, CA, USA) was the first MIGS 

device approved for use in the US, as well as in Australia (the 

site of the present cohort). The stent is implanted ab interno 

into Schlemm’s canal, bypassing the trabecular meshwork 

and creating a path from the anterior chamber to the canal 

to improve aqueous outflow. The more recently developed 

second-generation iStent inject trabecular micro-bypass stent 

system allows surgeons to inject two stents without removing 

the inserter from the anterior chamber.

Several prior studies have documented the effective-

ness and safety of iStent inject either with or without con-

comitant cataract surgery in eyes with open-angle glaucoma. 

These studies have documented sustained IOP reductions 

of ~25%–40% versus medicated baseline, together with 

sizable decreases in medication burden.12–16 The use of iStent 

inject with concomitant cataract surgery was the subject of 

a recent multicenter prospective randomized clinical trial 

(Glaukos Corporation, NCT #00323284), which led to the 

US Food and Drug Administration approval of the device 

in mid-2018.

As more surgeons adopt MIGS, and specifically incorpo-

rate iStent inject, it is important to understand the results they 

can expect in a routine clinical setting where the population 

is heterogeneous and rigid inclusion/exclusion criteria are 

not appropriate. These expectations are relevant not only 

for surgeons, but also for patients, as patients with realistic 

expectations for their surgical outcome are more likely to be 

happy with their surgical experience.17 In the current report, 

we present a large retrospective study of patients from five 

sites and five surgeons in Australia with outcomes through 

12 months following iStent inject implantation in conjunction 

with cataract surgery.

Patients and methods
This retrospective outcomes assessment consists of data 

pooled from five surgeons at five different ophthalmology 

centers in Australia. The clinical records were reviewed 

to identify eyes that underwent iStent inject implantation 

together with cataract surgery between January 2016 and 

July 2017. The retrospective review was approved by the 

Royal Australian and New Zealand College of Ophthalmol-

ogy Human Research Ethics Committee. Allowable diagno-

ses included POAG, appositional angle-closure glaucoma 

(ACG) or ACG suspects, pseudoexfoliative glaucoma (PXG), 

normal-tension glaucoma (NTG), pigmentary glaucoma, 

combined-mechanism glaucoma, and ocular hypertension 

(OHT). Eyes with ocular comorbidities other than glaucoma 

and cataract, eyes with active ocular inflammation, and eyes 

with synechial angle closure were not eligible for iStent inject 

surgery. Postoperative effectiveness measures included IOP 

and medication burden, and proportional analyses of eyes on 

no medications, eyes on $2 medications, eyes with stable or 

decreased medication burden vs preoperative, and eyes with 

IOP #18 mmHg. Safety measures included corrected dis-

tance visual acuity (CDVA), cup-to-disc ratio (CDR), visual 

field (VF), surgical complications, postoperative adverse 

events, and secondary surgical interventions.

The iStent inject system contains two heparin-coated 

titanium stents that are fenestrated to provide a bypass 

for aqueous outflow through the trabecular meshwork 

(Figure 1). Following uncomplicated phacoemulsification 

cataract surgery, iStent inject implantation is completed 

as follows. Under gonioscopic visualization, the injector 

is inserted through the phacoemulsification incision and 

advanced to the trabecular meshwork, where the retraction 

button allows the insertion sleeve to pull back and expose 

the trocar tip. The microstents then are placed at least 2 clock 

hours apart through the trabecular meshwork and into 

Schlemm’s canal. Once the positioning of the microstents 

is verified, the viscoelastic is removed, the eye is irrigated 

with balanced salt solution, and wound patency is assured. 
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Figure 1 iStent®inject and iStent®inject trabecular micro-bypass stent system.
Note: Image courtesy of Glaukos Corporation.

Postoperatively, patients followed each surgeon’s standard 

postoperative medication regimen, typically consisting of 

an antibiotic (eg, chloramphenicol) and anti-inflammatory 

(eg, prednisolone acetate and phenylephrine hydrochloride, 

AKA prednefrin forte) four times per day for 2 weeks, fol-

lowed by steroid only twice daily for 2 weeks. Glaucoma 

medication was discontinued at the treating surgeons’ discre-

tion based on the IOP following surgery relative to target IOP.

All data were collected in accordance with the tenets 

of the Declaration of Helsinki, and all patients signed an 

informed consent to allow the retrospective evaluation 

of their clinical data. Descriptive statistics were used to 

summarize the pre- and postoperative data. Preoperative 

IOP vs Month 12 IOP were compared using a paired t-test, 

while the McNemar test was used to compare pre- and 

postoperative proportions of eyes on 0 medications or eyes 

on $2 medications. Results were considered significant for 

P-values ,0.05. Patients have been followed for 12 months, 

and follow-up is ongoing.

Results
IOP and medications
A total of 290 eyes were subjected to cataract surgery com-

bined with iStent inject trabecular micro-bypass implantation. 

At the time of data collection, 165 eyes had postoperative 

follow-up data through 12 months and constitute the cohort 

presented in this report. Baseline demographic and ocular 

characteristics are shown in Table 1. All but three eyes were 

from Caucasian patients, with the predominant diagnosis 

being POAG (69.7%). The most prevalent other diagnoses 

included OHT (10.9%), appositional ACG or ACG suspects 

(6.7%), PXG (4.8%), and NTG (4.2%). One-third of eyes 

(55/165) had undergone prior glaucoma surgery, and ~88% 

had mild or moderate glaucoma based on VF criteria (per 

Hodapp–Anderson–Parrish grading scale).

As detailed in Figure 2 and Table 2, mean IOP reduced 

significantly from 18.27±5.41 mmHg preoperatively to 

14.04±2.98 mmHg at 12 months (23.2% reduction, P,0.001). 

All but seven eyes (95.8% or 158/165) achieved Month 12 

IOP of #18 mmHg. The seven remaining eyes, while not 

meeting the #18 mmHg cutoff, were able to reduce medi-

cations considerably (elimination of 1–2 medications vs 

preoperative).

Figures 3 and 4 and Table 3 summarize medication 

burden after stent-cataract surgery. Postoperative mean 

number of glaucoma medications decreased to 0.47±0.95 vs 

1.65±1.28 preoperatively (71.5% reduction); 76.4% of eyes 

(126/165) were on zero medications (vs 29/165 or 17.6% 

preoperatively; P,0.001); 14.5% of eyes (24/165) were 

on $2 medications (vs 77/165 or 46.7% preoperatively; 

P,0.001); and all but three eyes (98.2% or 162/165) 

maintained or had reduced medication burden vs their 

preoperative regimen. The three remaining eyes had low 

medication burden at baseline (0–1 medication), and sub-

stantial IOP reductions were achieved in all, postoperatively 

(IOP reduced by 4–10 mmHg vs preoperative).

Safety
Two stents were successfully implanted in all but two eyes 

(163/165) in this study. In the two eyes receiving one stent, 

IOP reduction at 12 months vs preoperative was still achieved 

(from 18 mmHg to 14 mmHg in one eye, and from 26 mmHg 

to 21 mmHg in the other eye). There were no intraoperative 

complications related to stent implantation. Postoperative 

adverse events included corneal edema (two cases) and 

anterior chamber inflammation (two cases) in the immediate 

postoperative period that resolved by 1 week postoperatively; 

one case of intermittent stent-iris touch that resulted in no 

sequelae; one case of postoperative hyphema that resolved 

by the next visit; and one eye with incomplete visualization 

of the second stent that resulted in no complications. There 

were no occurrences of stent obstruction, peripheral anterior 

synechiae (PAS), or IOP spike $30 mmHg in any eye during 

follow-up. Nearly all eyes (97.3%) achieved CDVA of 20/40 

or better at 1 year, stable from 92.7% preoperatively. There 

was no appreciable change in average CDR from baseline 

(0.69±0.17) to 12 months (0.68±0.18), nor in VF mean 

deviation (MD) from baseline (-5.31±6.62) to 12 months 

(-5.50±7.20). Proportional analysis revealed that among 

eyes with VF data at both the preoperative and 12-month 
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Table 1 Demographic and preoperative characteristics

Characteristics  N=165

Age (years)

Mean±SD 71.4±7.6

Range 41–88

Gender

Male/female 70/95

Eye

OD/OS 75/90

Cup-to-disc ratio

Mean (SD) 0.7±0.2

Range 0.1–1.0

Prior glaucoma surgical intervention(s)

% (n/N) 33.3 (55/165)

CDVA 20/40 or better

% (n/N) 92.7 (153/165)

VF mean deviation (dB)

Mean (SD) -5.3±6.6

Range -29.0–4.1

VF pattern SD (dB)

Mean (SD) 5.3±4.0

Range 1.0–15.7

Central corneal thickness (µm)

Mean (SD) 536.1±37.6

Range 405–658

Race

% (n/N)
White
Black or African-Australian
Hispanic
Asian
Other

98.2 (162/165)
0.0 (0/165)
1.2 (2/165)
0.6 (1/165)
0.0 (0/165)

Type of glaucoma

% (n/N)
Primary open-angle glaucoma
Ocular hypertension
Appositional angle-closure glaucoma (ACG) or 
ACG suspects
Pseudoexfoliative glaucoma
Normal-tension glaucoma
Combined-mechanism glaucoma
Pigmentary glaucoma

 
69.7 (115/165)
10.9 (18/165)
6.7 (11/165)
4.8 (8/165)
4.2 (7/165)
1.8 (3/165)
1.8 (3/165)

Glaucoma severitya,b

% (n/N)
Mild
Moderate
Severe

69.9 (109/156)
17.9 (28/156)
12.2 (19/156)

Notes: aBaseline VF MD not available for all eyes. bConsistent with Hodapp–
Anderson–Parrish visual field criteria. Mild: VF MD no worse than -6 dB, moderate: 
VF MD worse than -6 dB but no worse than -12 dB, severe: VF MD worse 
than -12 dB.
Abbreviations: CDVA, corrected distance visual acuity; MD, mean deviation; 
VF, visual field.

visits (n=131), 89.3% (117/131) had either improvement, 

no change, or difference of less than 3 dB in their VF MD 

(less than half the SD for MD measurement, ie, within the 

margin of error of the test).

Additional glaucoma procedures were undertaken in 

three eyes during the follow-up period. These procedures 

included one eye with deep sclerectomy plus mitomycin C 

(MMC), one eye with a second iStent inject implantation, 

and one eye with selective laser trabeculoplasty at 3 months 

and trabeculectomy plus MMC at 6 months postoperatively. 

All three eyes had history of glaucoma surgery prior to iStent 

inject-cataract surgery.

Discussion
The current study results support the effectiveness and safety 

of the iStent inject system in conjunction with cataract sur-

gery for the treatment of various types of mild to advanced 

glaucoma or OHT. Both mean IOP and mean medication 

use decreased significantly from baseline to the 12-month 

visit, while post-phacoemulsification CDVA improvement 

was maintained and safety parameters such as CDR and VF 

remained stable. To our knowledge, this is the first large 

multicenter, multi-provider study of the performance of this 

microstent in an Asia-Pacific population within a routine 

clinical setting.

Unlike randomized controlled trials where the char-

acteristics of the patient population are well-defined by 

inclusion/exclusion criteria, the current study population 

was heterogeneous in their diagnoses and disease burden. 

As such, the outcomes in this cohort would be expected to 

be more generalizable to current practicing ophthalmolo-

gists with diverse patient populations. In this study, patients 

ranged from those with no previous glaucoma surgery or 

medical treatments, to those with prior glaucoma surgery 

and uncontrolled IOP and/or three or more medications. 

Given this range of disease burden, it is appropriate to assess 

outcomes in the context of a patient’s entire clinical picture, 

taking into account both IOP and medications. For example, 

in eyes with relatively well-controlled medicated IOP pre-

operatively, a key expectation for surgery may be to reduce 

medications, while also maintaining or lowering IOP. In 

eyes with uncontrolled IOP despite numerous medications, 

an expectation for surgery may be to reduce IOP, while 

also maintaining or reducing medications. In our cohort, 

over 98% of eyes maintained or decreased their medication 

burden at 12 months vs preoperative; the remaining eyes, 

although not reducing medications, achieved substantial IOP 
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Table 2 Proportional analysis of postoperative IOP of available eyes at each visit (N=165) through 12 months

IOP outcome Preop W1 M1 M3 M6 M12

n (%) n (%) n (%) n (%) n (%) n (%)

Available at visit 165 155 163 148 150 165

IOP #15 mmHg 59 71 104 114 112 111

(35.76) (45.81) (63.80) (77.03) (74.67) (67.27)

IOP #18 mmHg 100 116 140 142 145 158

(60.61) (74.84) (85.89) (95.95) (96.67) (95.76)

IOP decreased $20% vs preop IOP 52 79 81 82 85

(33.55) (48.47) (54.73) (54.67) (51.52)

Abbreviations: M, month; Preop, preoperative; W, week; IOP, intraocular pressure.

Figure 2 Reduction in mean intraocular pressure (IOP) through 12 months postoperatively.
Note: Available eyes at each visit (N=165).

reduction postoperatively. Likewise, over 95% of eyes had 

IOP #18 mmHg at 12 months; the remaining seven eyes, 

although not reaching the #18 mmHg IOP cutoff, achieved 

considerable medication reduction postoperatively. Regard-

less of preoperative IOP and medication burden, all patients 

needed cataract surgery and thus iStent inject offered an 

opportunity to address IOP with minimal to no additional 

patient burden beyond cataract surgery itself.

The outcomes of this study are directionally and quanti-

tatively consistent with those of prior studies of iStent inject 

in conjunction with cataract surgery. For example, Arriola-

Villalobos et al18 followed a group of patients after combined 

cataract surgery and iStent inject implantation. At 1 year, 

IOP reduced from 19.95±3.71 mmHg to 16.75±2.24 mmHg, 

and mean number of glaucoma medications decreased from 

1.3±0.66 to 0.3±0.57. Overall, 100% (20/20) of patients 

demonstrated a $20% decrease in IOP from baseline, and 

75% (15/20) of eyes became medication-free. The percent-

age IOP decrease in the present study also is consistent with 

prior studies of one or more iStents with cataract surgery 

in which the percent change in mean IOP from baseline 

to 12 months ranged from ~10% to 40%.2,3,19–22 The 23.2% 

reduction in mean IOP was statistically significant and 

occurred despite a relatively low starting IOP (18.27 mmHg), 

a lack of a preoperative washout period, and inclusion of 

eyes with NTG.

Medication non-adherence is a well-known issue for 

patients on glaucoma drops, affecting the great majority of 

medicated eyes.7–9,23 In particular, the increase from single 

to multiple drops has been shown to dramatically decrease 

adherence, as demonstrated in the study by Robin and 

Covert24 using prescription refills as a proxy for adherence. 

In the current study, the percentage of eyes on two or more 

medications decreased by more than two-thirds (46.7% of 
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Figure 4 Reduction in glaucoma medication burden at 12 months postoperatively.
Note: Available eyes at each visit (N=165).

Figure 3 Reduction in mean number of glaucoma medications through 12 months postoperatively.
Note: Available eyes at each visit (N=165).

eyes preoperatively vs 14.5% at 12 months; P,0.001). 

Conversely, the proportion of eyes on no medications more 

than quadrupled (from 17.6% preoperatively to 76.4% at 

12 months; P,0.001). Nearly all eyes had the same or 

decreased medication burden vs their preoperative regimen. 

These medication reductions underscore the patient-level 

benefit of iStent inject combined with cataract surgery as a 

glaucoma treatment that reliably reduces the number of exist-

ing medications and itself does not rely on patient adherence.

The percent decrease in medication burden vs baseline 

(~60%–100%) in prior studies of iStent and iStent inject is 

compelling,2–4,12–16,18–22,25–27 and is consistent with the 71.5% 

medication decrease observed in the current study. This 

medication reduction is particularly noteworthy given that 

this study included all patients undergoing implantation at 

the sites involved (including patients with NTG or OHT who 

are not taking medication), as well as a lower mean baseline 

medication burden (mean 1.65 preoperative medications in 
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Table 3 Proportional analysis of medication burden of available eyes at each visit through 12 months (N=165)

Medication change vs preop Preop W1 M1 M3 M6 M12

n (%) n (%) n (%) n (%) n (%) n (%)

Available at visit 165 155 163 146 151 165

No change in med from preop   51 56 43 43 39

(32.90) (34.36) (29.45) (28.48) (23.64)

Increase in med from preop   1 1 1 2 3

(0.65) (0.61) (0.68) (1.32) (1.82)

Decrease in med from preop   103 106 102 1.6 123

(66.45) (65.03) (69.86) (70.20) (74.55)

Abbreviations: M, month; preop, preoperative; W, week; med, medication.

this study). In addition, some eyes had advanced glaucoma 

(VF MD worse than -12 dB) with low IOP targets; so it is 

likely surgeons elected to continue medical treatment in an 

attempt to achieve maximum IOP reduction in these cases.

In addition, it is widely acknowledged that cataract 

surgery itself may decrease IOP through the 1-year visit.28 

The decrease is small, ~1–2 mmHg for any given eye,28 

and is expected to be lower with lower baseline IOP 

(#20 mmHg).29,30 Since the mean baseline IOP in the 

current study was relatively low (18.27±5.41 mmHg), and 

since the patients comprised a wide range of preoperative 

disease severity, a decrease in the overall mean may have 

been difficult to detect. However within this cohort, IOP 

decreased by more than 4 mmHg, more than twice the amount 

expected from cataract surgery alone. This is consistent with 

clinical studies showing significantly greater reductions in 

IOP and medication use in patients with iStent implantation 

in conjunction with cataract surgery compared to patients 

undergoing cataract surgery alone.2–4,31 It also aligns with 

the work of Fernandez-Barrientos et al2 who demonstrated 

significant increases in trabecular outflow facility at 

12 months in eyes implanted with iStent with cataract surgery 

compared to eyes with cataract surgery alone. More recently, 

iStent inject has been the subject of a large prospective, 

randomized, controlled, multicenter pivotal clinical trial. In 

that study, iStent inject-phacoemulsification eyes demon-

strated statistically and clinically significant benefit over 

phacoemulsification alone: specifically, higher proportion 

of eyes achieving $20% reduction at 24 months from base-

line in unmedicated diurnal IOP; higher proportion of eyes 

with Month 24 unmedicated IOP #18 mmHg; and higher 

proportion of eyes achieving freedom from medications.32

The safety profile of iStent inject surgery was excellent. 

No stent-related intraoperative complications occurred. 

Postoperative adverse events were transient, few in number, 

and not associated with sequelae. Notably, there were no 

cases of stent obstruction or PAS, in contrast to the rates seen 

in other recent MIGS studies.33,34 Nearly all eyes (97.3%) 

achieved CDVA of 20/40 or better at 1 year. Mean CDR 

and VF also remained stable, with the vast majority of eyes 

experiencing minimal to no decline in VF MD from baseline 

to 12 months.

Several limitations exist in this retrospective study. 

As is the case in most real-life clinical cohorts, it was not 

appropriate to complete medication washout due to the 

potential risks of IOP spikes in participating eyes. Medica-

tions were managed according to each surgeon’s routine 

clinical practice; although these management choices gener-

ally were consistent across the five surgeons, they did not 

follow a formal protocol as might be the case in a randomized 

clinical trial. No diurnal IOP measurements were obtained, 

leaving open the possibility of regression to the mean. Since 

CDR can be impacted by optic nerve size, variable grading 

could arise; however, any change over time still would be 

apparent since the measurements were completed in the 

same patients and by the same surgeons over the course of 

the study. At the time of data collection, 80% of eyes had 

completed VF testing; future reports from this cohort could 

aim to include more comprehensive VF data. In regards to 

the treatment plan, the cost–benefit balance between lower 

IOP and higher medication burden may be decided differ-

ently by different investigators or patients, which could bias 

study results. There was no formal control group of cataract 

surgery alone, and thus it was not possible to conclusively 

isolate the effects of the stents vs those of cataract surgery; 

however, other prospective comparative trials of iStent-phaco 

or iStent inject-phaco vs phaco alone2–4,31,32 can be used as a 

reference point. iStent inject is a relatively new technology in 

Australia, so future reports may assess longer-term outcomes 

and larger sample sizes. Other investigations could include 

subgroup analyses of eyes with different glaucoma types or 

stratification by history of prior glaucoma surgery.
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Conclusion
This report presents the largest multicenter, multi-surgeon 

cohort to date within an Asia-Pacific clinical setting. Addi-

tionally, it includes data on eyes that often are excluded from 

MIGS studies, such as those with PXG, appositional ACG, 

normotensive glaucoma, advanced glaucoma, and OHT, and 

it documents these outcomes in real-life, clinically relevant 

treatment scenarios. Outcomes show that the iStent inject can 

produce significant and safe IOP and medication reductions in 

various types of mild to advanced glaucoma, and that cataract 

surgery may provide a propitious opportunity to employ this 

technology in managing glaucoma.
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