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In t r o d u c t i o n

Glaucoma is a progressive optic neuropathy that is the leading 
cause of irreversible blindness globally,1,2 with over 110 million 
expected to have the condition by 2040.2 Lowering intraocular 
pressure (IOP), the only known modifiable risk factor, remains 
the only demonstrated management to slow or prevent disease 
progression.3,4 Topical medications or laser trabeculoplasty are 
usually offered as first-line therapy because of their efficacy and 
relatively good safety profile5; however, medical therapy can be 
complicated by side effects, including ocular surface disease, as 
well as poor adherence to treatment.6 Reasons for poor adherence 
are multifactorial and include a limited understanding of treatment 
aims, ineffective instillation techniques, and cost.7,8

Traditionally, patients receive incisional procedures when the 
maximum medical therapy and/or laser procedures fail to lower 
IOP adequately or there is evidence of progression. Incisional 
surgery can achieve large pressure reductions but has significant 
potential side effects. The Tube Versus Trabeculectomy (TVT) 
Study found IOP reductions at 5 years of 41.4% with the Baerveldt 
glaucoma implant and 49.5% for trabeculectomy with mitomycin 
C.9 Early postoperative adverse events arose in 21% of patients in 
the tube group and 37% of patients in the trabeculectomy cohort, 
most of which were transient and self-limited.10 Late postoperative 
complications occurred in 34% of the tube cohort and 36% of the 
trabeculectomy cohort over 5 years of follow-up.10

Minimally invasive glaucoma surgery (MIGS) comprises a 
heterogeneous group of glaucoma surgeries developed with the 
broad aim of bridging the relatively large safety gap between 
medical and laser glaucoma treatment and traditional glaucoma 
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Ab s t r ac t
Purpose: To analyze the outcomes of the iStent inject in a real-world clinical setting as a standalone procedure to lower intraocular pressure 
(IOP) in open-angle glaucoma.
Materials and methods: Patients with open-angle glaucoma having undergone iStent inject insertion without concurrent cataract extraction 
were included in this multicenter observational real-world study in Australia. Patient data was entered into the Fight Glaucoma Blindness! 
Registry. Assessments through 12 months included glaucoma subtype, IOP, medications, best-corrected visual acuity (BCVA), secondary surgical 
procedures, and adverse events. Kaplan–Meier survival curves for outcomes were reported according to the World Glaucoma Association (WGA).
Results: Sixty-one eyes from 44 patients with a mean age of 76 ± 11.4 underwent standalone iStent inject implantation. The mean ± SD 
preoperative IOP was 17.5 ± 7.5 mm Hg, and the mean preoperative number of topical medications was 2.5 ± 1.5. At 12 months postoperatively, 
there was no statistically significant IOP reduction, while the number of glaucoma medications used was reduced to 1.4 ± 1.5 (p < 0.001). Fourteen 
point one percent of eyes required a secondary pressure-lowering procedure within the 12-month follow-up window.
Conclusion: This assessment of standalone iStent inject implantation did not show any significant reduction in IOP, but there was a significant 
decrease in medication use in the real-world clinical setting. The procedure is safe with minimal adverse outcomes; however, a subset of patients 
required secondary procedures within 12 months of follow-up.
Keywords: Glaucoma, iStent inject, Minimally invasive glaucoma surgery, Real world data.
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a failure. Visits after the second procedure were censored with 
the ‘last observation carried forward’ until 12 months used for 
IOP and medication values. All analyses were performed using 
R software version 4.0.0 with the survival package (V3.1-12) for 
Kaplan–Meier survival analysis.28,29

Re s u lts

The analysis included 61 eyes from 44 patients, with a mean age of 
76 ± 11.4. Baseline data are presented in Table 1. Glaucoma subtypes 
included primary open-angle glaucoma (POAG) (n = 47), secondary 
OAG (n = 5), normal tension glaucoma (NTG) (n = 7), and POAG/NTG 
suspect (n = 2). Twelve (19.7%) eyes were phakic, and 49 (80.3%) eyes 
were pseudophakic. Sixteen (26%) eyes had previously undergone 
selective laser trabeculoplasty (SLT). The mean preoperative IOP was 
17.5 ± 7.5 mm Hg, and the mean preoperative number of topical 
agents was 2.5 ± 1.5.

At 12 months, IOP reduced from 17.5 mm Hg to 17.0 mm Hg 
(5.3% IOP reduction), which was not statistically significant. The 
mean number of glaucoma medications used reduced from 2.5 to 
1.4 (p < 0.001). Complete and qualified success rates at both 21 mm 
Hg and 18 mm Hg were 9.4 and 26.6%, respectively. At the 15 mm 
Hg threshold, complete success was 4.7% and qualified success 
was 15.6%. Table  2 shows the preoperative and postoperative 
IOP measurements, including the difference in IOP-lowering 
drops after 12 months. Figure 1 depicts the comparison between 
pre- and postoperative IOP following 12 months after standalone 
iStent inject, showing complete and qualified successes. Figure 2 
illustrates the time to qualified and complete success using Kaplan–
Meier survival analysis.

filtration surgery. The goal of the newer procedures is to maintain 
efficacy while providing a better risk profile and less intense 
postoperative care compared to traditional glaucoma surgery.11 
Transtrabecular devices are a subgroup of MIGS that achieve IOP 
reduction by creating a bypass into Schlemm’s canal.11 Schlemm’s 
canal-based procedures have the safety advantage of avoiding 
complications associated with filtration surgeries, such as hypotony, 
wound leak, and choroidal effusions, although there is a likely 
trade-off of lesser effectiveness.12,13

The iStent inject is a second-generation trabecular micro-
bypass stent that has shown success in lowering IOP and medication 
usage in association with cataract extraction.12,14–16 In contrast, less 
data is available regarding iStent inject as a standalone surgery.17–25 
This study describes real-world outcomes of efficacy and safety of 
iStent inject as a standalone treatment for open-angle glaucoma.

Mat e r ia  l s a n d Me t h o d s

Study Design
This retrospective multicenter, multisurgeon observational study 
analyzed data from eyes that underwent iStent inject implantation 
without concurrent cataract surgery. Data were entered into the 
Fight Glaucoma Blindness! (FGB!) registry,26 an audit and research 
tool that ensures accurate, comprehensive data collection of routine 
clinical care. Data extraction from the registry included eyes that 
were diagnosed with open-angle glaucoma (primary or secondary) 
and had undergone iStent inject implantation as a standalone 
procedure. Patients who had any prior incisional glaucoma surgery 
were excluded.

Efficacy outcomes consisted of changes in IOP and the number of 
topical IOP-lowering medications. Baseline IOP, best-corrected visual 
acuity (BCVA), visual field mean deviation (VFMD), and the number of 
topical glaucoma medications were based on the mean of the two visits 
(where available) immediately preceding iStent inject implantation. 
Adverse events included subsequent glaucoma procedures, loss of 
BCVA greater than 2 lines, hypotony with choroidal effusion, hyphema 
with greater than 2 lines BCVA loss, hyphema without vision loss, and 
infection (blebitis with or without endophthalmitis).

Fight Glaucoma Blindness is a quality assurance tool that has 
ethics approval for research through the Royal Australian and 
New Zealand College of Ophthalmology Human Research Ethics 
Committee. This study followed the principles of the Declaration 
of Helsinki.

Data Analyses
Data were extracted from the FGB! registry. The number of 
eyes and percentages were reported for categorical data, and 
means with standard deviations or medians with first and third 
quartiles were reported for continuous data. Data were reported 
using the World Glaucoma Association (WGA) guidelines.27 The 
primary outcome measure was the percentage IOP change 
from preoperative to 12 months postoperative. The secondary 
outcome measures were the percentage reduction of the mean 
number of glaucoma medications used and the complete and 
qualified success rates of greater than 20% IOP reduction at 
three IOP levels: 15, 18, and 21 mm Hg. Complete success was 
defined as patients meeting the IOP criteria and not requiring 
any topical glaucoma medications, while qualified success was 
defined as patients meeting the IOP criteria but still requiring 
medical therapy. Any patient requiring a further surgical or 
laser procedure within the follow-up window was considered 

Table 1:  Demographic and preoperative clinical characteristics for 
eligible eyes receiving standalone iStent inject with a 12-month visit 
or were censored prior to the 12-month visit

Eyes 61
Patients 44
Procedures 64
Gender, % female patients 65.9%
Eye side, n left eyes (%) 32 (52.5%)
Age, mean years ± SD 76 ± 11.4
VA, mean letters ± SD 78.6 ± 16.1
IOP, mean mm Hg ± SD 17.5 ± 7.5
Medications, mean ± SD 2.5 ± 1.5
Visual field MD, mean ± SD* –8.5 ± 6.1
CCT, mean ± SD** 531.9 ± 40.7
Global RNFL thickness, mean ± SD*** 72 ± 15.8
Lens status, n (%)

Phakic 12 (19.7%)
Pseudophakic 49 (80.3%)

Glaucoma subtype, n (%)
Primary open angle glaucoma 47 (77%)
Secondary open angle glaucoma 5 (8.2%)
NTG 7 (11.5%)
Ocular hypertension 0 (0%)
Primary open angle/NTG suspect 2 (3.3%)

Previous SLT, n (%) 16 (26.2%)

*Data available for 51 procedures; **Data available for 63 procedures; 
***Data available for 50 procedures
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phakic eyes required cataract surgery within the study follow-up 
period.

Three cases of hypotony with visual compromise were 
recorded. In two cases, this was transient with complete resolution 
of acuity. In the third case, the low pressure was the result of a 
rhegmatogenous retinal detachment occurring 5 months after 
iStent inject surgery.

The data comparing eyes by preoperative IOP is displayed in 
Table 4. Eyes with preoperative IOP greater than 21 (n = 12) had a 
median IOP reduction of 26.2% from baseline, with IOP decreasing 
from 29 ± 9.1 mm Hg to 20.4 ± 10.8 mm Hg postoperatively 
(p = 0.024).

Table 3 shows the frequency of subsequent procedures and 
adverse events. Nine eyes underwent secondary interventions 
during the first 12 months of follow-up. The interventions 
included 3 trabeculectomies, 3 further standalone iStent 
inject implantations, 3 SLT treatments, 1 Cypass implantation, 
and 1 posterior vitrectomy for a rhegmatogenous retinal 
detachment. Some eyes received multiple secondary procedures; 
for example, 3 eyes underwent a repeat standalone iStent 
inject procedure, and two of these also had SLT treatment. 
The baseline characteristics of the 9 eyes requiring secondary 
procedures matched those of the rest of the cohort. One eye 
was phakic (11%), the average IOP was 19.2 ± 4.6 mm Hg, the 
mean number of topical medications was 3 ± 1.6, and 2 eyes 
had previous SLT (22%).

The median (Q1, Q3) time to the second procedure was 143 
(50, 194) days. The median (Q1, Q3) IOP at the visit immediately 
prior to the second procedure was 22 (18, 24.5) mm Hg. There 
were no reports of glaucoma device malposition, and no 

Table 2:  IOP and medication outcomes 12 months after standalone 
iStent inject. Censored procedures were included using the last 
observation carried forward. p-values are from paired t-tests for change 
in IOP and medications from preoperative levels

IOP outcomes

Preoperative, mean ± SD 17.5 ± 7.5
Final, mean ± SD 17 ± 6.8
Change, mean (95% CI) –0.5 (–2.5, 1.4) 0.583
% change, median (Q1, Q3) 5.3% (–20, 27.8)

Medication outcomes

Preoperative, mean ± SD 2.5 ± 1.5
Final, mean ± SD 1.4 ± 1.5
Change, mean (95% CI) –1.1 (–1.4, –0.8) <0.001

Complete success, n (%)*

IOP 15 mm Hg 3 (4.7%)
IOP 18 mm Hg 6 (9.4%)
IOP 21 mm Hg 6 (9.4%)

Qualified success, n (%)**

IOP 15 mm Hg 10 (15.6%)
IOP 18 mm Hg 17 (26.6%)

IOP 21 mm Hg 17 (26.6%)

*Complete success defined as a ≥20% reduction in IOP with final IOP 
below 15, 18, or 21 mm Hg without the use of medications; **Qualified 
success defined as a ≥20% reduction in IOP with final IOP below 15, 18, or 
21 mm Hg; p-value < 0.001

Fig. 1: Pre- vs postoperative IOP 12 months after standalone iStent, 
showing complete (no medications) and qualified (with medications) 
successes depending on the threshold for IOP reduction (below 15, 
18, or 21 mm Hg)

Figs 2A and B: Kaplan–Meier survival curves for time to qualified and complete success



Standalone Trabecular Bypass Device

Journal of Current Glaucoma Practice, Volume 18 Issue 3 (July–September 2024)106

the literature by reporting real-world multicenter and multisurgeon 
outcomes of a heterogeneous patient population outside of the 
clinical trial setting out to 12 months.

The finding of no significant reduction in IOP is somewhat 
different from other reports, which found IOP reductions of 
between 31% and 48% (Table  5).17–22 This discrepancy may, in 
part, be explained by differences in the baseline characteristics 
between studies. In this study, the cohort had relatively advanced 
glaucoma with an average mean deviation of –8.5 dB, whereas 
other studies have tended to recruit patients with mild to moderate 
glaucoma. Furthermore, the overall mean pretreatment IOP in 
the current study was 17.5 mm Hg, significantly lower than in 
other studies, which reported ranges of 24.4–26.3 mm Hg after 
medication washout and 21.2–25.3 mm Hg where no washout was 
performed.17–22

There is some suggestion that higher pretreatment IOPs are 
more likely to lead to larger IOP reductions.30 In a small subgroup 
analysis of eyes with baseline IOP greater than 21 (n = 12), there 
was a significant IOP decrease of 26.2% (p = 0.024), from baseline 
29 ± 9.1 mm Hg to 20.4 ± 10.8 mm Hg at 12 months. However, this 
finding was matched by a lesser medication reduction in this small 
subgroup; eyes with baseline IOP ≤21 had a significant reduction 
in medication use from 2.3 ± 1.3 to 1.1 ± 1.3 at 12 months, while 
eyes with baseline IOP greater than 21 had a smaller, nonsignificant 
reduction in medication use from 3.2 ± 2 to 2.7 ± 1.6. Although the 
relationship between IOP and medication use is confounded by a 
number of variables, the tendency for patients with higher IOPs to 
remain on their topical medications may well have contributed to 
the increased reduction in IOP observed in this cohort.

A second potential explanation for the nonsignificant IOP 
reduction relates to the real-world nature of the study. In some 
cases, the clinician’s motive for treatment may not have been solely 
to lower IOP but rather to reduce glaucoma medication usage. In 
certain clinical scenarios, clinicians may have been willing to tolerate 
a higher (or unchanged) IOP if it meant a reduction in medication 
usage. We examined the change in medication usage for the cohort 
whose IOP increased postoperatively vs the cohort whose IOP 
decreased and found no change in medications between them. 
This suggests that the reduction of medication usage was unlikely 
to be a major explanatory factor in clinician decision-making.

In this study, 9 (14%) eyes had secondary glaucoma interventions 
within the first 12 months, with 2 patients having 2 secondary 
procedures each (Table  3). The secondary procedures included 
trabeculectomy in 3 eyes, repeat insertion of iStent inject as a 
standalone procedure in 3 eyes, and SLT in 2 eyes. Other similar 
studies have reported secondary procedures performed in 0–6% 
of eyes.17–22 No cases of hypotony have been reported previously 
in standalone iStent inject implantation.17–22 This study recorded 3 
cases of hypotony, with two cases having transient hypotony with a 
reduction in visual acuity but no long-term visual changes, and one 
case associated with a rhegmatogenous retinal detachment. The 
retinal detachment occurred 5 months after iStent inject surgery, 
suggesting it was not related to the device implantation.

The particular role of different MIGS procedures in the 
glaucoma treatment algorithm is still being determined. One 
possibility is that trabecular bypass stents could serve as a 
replacement for trabeculectomy, at least in some patients.31 Part 
of the challenge in comparing outcomes is that they vary widely 
depending on the definition of success, the surgical techniques 
employed, the patient population, and the length of follow-up. 
The Victorian Trabeculectomy Audit found that after 2 years, the 

Di s c u s s i o n

This retrospective multicenter study provides real-world data on 
the use of iStent inject implantation without phacoemulsification. 
This cohort, as a whole, did not have a significant reduction in IOP at 
12 months but did have a significant decrease in medication usage 
from 2.5 ± 1.5 medications preoperatively to 1.4 ± 1.5. The smaller 
subgroup of patients with a preoperative IOP greater than 21 had 
a significant IOP decrease of 26%, whereas 14% of eyes required a 
secondary glaucoma procedure within the 12-month follow-up. To 
date, there have only been two other publications looking at real-
world data of standalone iStent inject implantation, both limited to 
single-center and single-surgeon studies.17,19 Our study fills a gap in 

Table 3:  Frequency and percentage of procedures with an adverse 
event recorded at any time up until the 12-month visit

Frequency (%)

Eyes receiving subsequent procedure 9 (14.1%)
Total secondary procedures 11
Loss of BCVA ≥2 lines, 0–3 months 20 (31.2%)
Loss of BCVA ≥2 lines, 3–12 months 14 (21.9%)
Early numerical hypotonya 2 (3.1%)
Late numerical hypotonyb 2 (3.1%)
Glaucoma device malposition 0 (0%)
Hyphema with ≥2 line BCVA loss 1 (1.6%)
Hyphema without vision loss 2 (3.1%)

Blebitis with or without endophthalmitis 0 (0%)
aIOP <5 mm Hg within 3 months of procedure; bIOP <5 mm Hg between 3 
and 12 months after procedure

Table 4:  IOP and medication outcomes 12 months after standalone 
iStent inject by preoperative IOP

IOP ≤21 IOP >21

Procedures 52 12
IOP outcomes

Preoperative, mean (SD) 14.9 ± 3.7 29 ± 9.1
Final, mean (SD) 16.2 ± 5.3 20.4 ± 10.8
Change, mean (95% CI) 1.3 (–0.1, 2.8) –8.5 (–15.7, –1.4)
% change, median (Q1, Q3) 11.2% (–11.9, 

32.1)
–26.2% (–38.3, 

–10.1)
Medication outcomes

Preoperative, mean (SD) 2.3 ± 1.3 3.2 ± 2
Final, mean (SD) 1.1 ± 1.3 2.7 ± 1.6
Change, mean (95% CI) –1.2 (–1.6, –0.9) –0.5 (–1.1, 0.1)
% change, median (Q1, Q3) –63.3% (–100, 0) –14.3% (–22.5, 0)

Qualified success, n (%)*
IOP 15 mm Hg 8 (15.4%) 2 (16.7%)
IOP 18 mm Hg 9 (17.3%) 8 (66.7%)
IOP 21 mm Hg 9 (17.3%) 8 (66.7%)

Complete success, n (%)**
IOP 15 mm Hg 3 (5.8%) 0 (0%)
IOP 18 mm Hg 4 (7.7%) 2 (16.7%)

IOP 21 mm Hg 4 (7.7%) 2 (16.7%)

*Complete success defined as a ≥20% reduction in IOP with final IOP below 
15, 18, or 21 mm Hg without the use of medications; **Qualified success 
defined as a ≥20% reduction in IOP with final IOP below 15, 18, or 21 mm Hg
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