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Purpose: To evaluate 2-year safety and effectiveness of iStent inject® W implantation with phacoemulsification in adult Japanese 
open-angle glaucoma (OAG) patients.
Design: Multicenter, prospective, post-market surveillance.
Methods: Eyes were evaluated preoperatively and at Day 1, Week 1, and Months (M) 1, 3, 6, 12, and 24. Primary outcome was M24 
cumulative probability of success defined as no additional glaucoma surgery and intraocular pressure (IOP) < preoperative value and 
number of glaucoma medications ≤ preoperative value or IOP ≤ preoperative value and number of glaucoma medications < 
preoperative value. Other endpoints included cumulative probability of achieving American Academy of Ophthalmology Glaucoma 
(AAO) success criteria for minimally invasive glaucoma surgery with phacoemulsification, and changes in mean IOP, number of 
glaucoma medications, and medication costs over time. Subanalysis was based on OAG subtype [primary open-angle glaucoma 
(POAG), normal tension glaucoma (NTG), and exfoliative glaucoma (XFG)]. Adverse events were recorded.
Results: Cumulative probability of success at M24 was 91.7%, 98.8%, 88.9%, and 85.0% for cohort (N = 214), NTG, XFG, and 
POAG, respectively. The AAO M24 success was 80.7%. Statistically significant reductions in mean IOP and number of medications 
were observed through M24 in cohort and OAG subtypes. At M24, the estimated reductions in mean (standard error) IOP and number 
of medications were 2.0 (0.5) mmHg and 1.9 (0.4), respectively, in the cohort. Adverse events were minimal. At M24, the average 
monthly glaucoma medication costs decreased by 49.7%.
Conclusion: Japanese OAG eyes treated with iStent inject W combined with phacoemulsification experienced reduced IOP and 
medication burden with minimal adverse events and high success rates over postoperative 2 years.
Keywords: minimally invasive glaucoma surgery, trabecular micro-bypass, Japan

Introduction
The prevalence of glaucoma increases with age and is expected to rise with the advancing aging population in Japan, as 
in other parts of the world.1,2 The Tajimi Study estimated the prevalence of primary open-angle glaucoma (POAG) to be 
3.9% in those 40 years and older.1 Most of these cases (92%) had normal tension glaucoma (NTG) with intraocular 
pressure (IOP) levels of 21 mmHg or less. The more recent Hisayama study approximated a prevalence of 5.8% for 
POAG.3 Risk factors for POAG in the study were elevated IOP, longer axial length, reduced central corneal thickness, 
aging, and lower estimated glomerular filtration rate.3

Topical IOP-lowering medications are usually first-line treatment. While effective, they have several drawbacks, including 
preservative-related ocular surface disease, systemic and local side effects that can reduce patient adherence, and challenges with 
patient self-management—such as complex dosing regimens and difficulties with self-administration—that can undermine their 
full therapeutic potential.4,5 Chronic use of these medications can cause deleterious effects on the ocular surface, including dry 
eye, conjunctival hyperemia, tear film instability, and disruption of corneal epithelial tight junctions.6 Conjunctival inflammation 
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associated with chronic use of topical ocular medications may increase the risk of glaucoma surgery failure.7–10 Side effects, such 
as irritation from topical medications leading to pain and discomfort, can reduce patient adherence.11,12 Compliance also tends to 
decrease with the use of multiple medications.13 Ineffective eye drop instillation techniques can lead to medication waste and 
increased treatment costs.14 Collectively, these factors can contribute to a reduced quality of life for the glaucoma patient.5

Glaucoma surgical innovations have made it more feasible to adopt a proactive, interventional strategy to overcome 
the challenges associated with topical IOP-lowering medications.4,5,15 Advancements in laser technology such as multi
pulse selective laser trabeculoplasty [eg, IQ 577 nmTM yellow laser (Iridex, Mountain View, California, United States)],16 

the development of sustained-release drug delivery implants [eg, iDose® TR (Glaukos Corporation, Aliso Viejo, 
California, United States)],17 and the proliferation of minimally invasive glaucoma surgery (MIGS) procedures5 shift 
the glaucoma treatment paradigm towards earlier surgical intervention. These new therapies offer attributes that address 
many of the limitations of topical glaucoma medication treatment, supporting the preservation of visual function and 
improving patients’ quality of life.4,5

In recent years, MIGS has emerged as a safe and effective approach to delay the need for traditional bleb-forming 
glaucoma surgeries.18 Non-bleb forming implants, such as trabecular micro-bypass stents, coupled with MIGS have 
expanded the clinicians’ array of tools for treating patients with mild to moderate open-angle glaucoma (OAG). These 
surgeries are less invasive, resulting in faster recovery, minimal discomfort, fewer postoperative visits, and a lower risk 
of vision-threatening postoperative adverse events (AE) compared to bleb-forming procedures.15,19 Trabecular micro- 
bypass stents reduce IOP by restoring the eye’s natural aqueous humor outflow pathway by creating conduits from the 
anterior chamber into Schlemm’s canal.18 The first generation iStent® (Glaukos Corporation, Aliso Viejo, California, 
United States), which consisted of 1 titanium, L-shaped stent (1.00 mm by 0.33 mm), was launched in Japan in 2016 for 
use in combination with phacoemulsification in patients with mild to moderate OAG currently treated with ocular 
hypotensive medications.20 A study on glaucoma-related procedures from 720 hospitals across Japan revealed a 49% 
increase in the number of iStent implantation procedures from 2018 to 2019.19 iStent inject® W was launched in Japan in 
2020 with the same indication as iStent. This second-generation trabecular micro-bypass system comprises 2 redesigned 
titanium stents (0.36 mm by 0.36 mm) that provide multi-directional flow in the Schlemm’s canal.21

Both the first generation iStent and its successors, iStent inject and iStent inject W, have demonstrated favorable safety 
profiles and durability in lowering IOP and reducing the topical medication burden as a standalone procedure or with 
phacoemulsification.20–25 Greater reductions in IOP have been reported with iStent inject compared with iStent in patients 
with OAG combined with phacoemulsification in non-Japanese eyes.26,27 However, few studies have evaluated the safety and 
efficacy of iStent inject W implantation in Japanese patients.24,28 Kanda et al found comparable IOP reductions but greater 
reductions in mean number of medications in Japanese mild to moderate OAG patients who underwent iStent inject 
W implantation with phacoemulsification versus those who received iStent,24 while Morita et al28 observed similar clinical 
outcomes between groups. This 2-year post-market surveillance study was initiated in conjunction with Japan’s Pharmaceuticals 
and Medical Devices Agency to confirm the safety and effectiveness of iStent inject W, when combined with phacoemulsifica
tion, in Japanese OAG patients using pre-specified primary success criteria.

Materials and Methods
The intended study population consisted of 200 adults with mild to moderate OAG [POAG; NTG; exfoliative glaucoma 
(XFG)] who were receiving ocular hypotensive medications and required phacoemulsification. Participants were to be 
recruited from 30 sites across Japan. Glaucomatous eyes with an open anterior chamber angle were defined as “primary” if 
previously recorded IOP was greater than 21 mmHg without an underlying cause; “normal-tension” if previously recorded 
IOP was 21 mmHg or below without an underlying cause; and “exfoliative” if previously recorded IOP was greater than 
21 mmHg with exfoliative material deposits in the trabecular meshwork. iStent inject W implantation was combined with 
phacoemulsification. This post-market surveillance study was designed to capture real-world outcomes; therefore, no 
glaucoma medication washout protocol was employed. In addition, surgical procedures and postoperative care, including 
the adjustment of glaucoma medications, were determined at the discretion of the treating surgeons. The procedures were 
performed during September 2020 to October 2021. Study time points included the preoperative visit and postoperative 
assessments at Day 1; Week 1; and Months (M) 1, 3, 6, 12 and 24. This post-market surveillance followed the Japanese 
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Ministerial Ordinance on Good Post-Marketing Study Practice; hence, ethical approval from institutions and patient consent 
were not required. The study adhered to the principles of the Helsinki Declaration of 1964 and its later amendments.

Study Outcomes
Outcomes were assessed in the cohort and by OAG subtype (POAG, NTG, and XFG). The primary outcome was the 
cumulative probability of success at M24 defined in Table 1. Success was measured starting at M3. Inability to achieve success 
on 2 consecutive time points was considered a failure; additional glaucoma surgeries were considered immediate failures.

Other outcomes included changes in mean IOP and number of glaucoma medications over time, proportional analysis 
at M24 vs preoperative time point based on IOP (≤15 mmHg, >15 to 18 mmHg, and >18 mmHg) and number of 
glaucoma medications (0, 1, 2, or 3 to 5), and incidences of AE. The number of medications was based on medication 
class, ie, a combination medication would be counted as 2. Mean best-corrected visual acuity (decimal), visual field mean 
deviation, and corneal endothelial cell density were assessed at M24 and compared with preoperative values.

Because the American Academy of Ophthalmology’s Glaucoma Preferred Practice Pattern® Committee (AAO) 
developed a success criteria for MIGS with phacoemulsification (ie, no additional laser or incisional glaucoma 
surgery, loss of light perception vision, or hypotony, and at least 1 glaucoma medication decrease without an 
increase in IOP, or IOP of 21 mmHg or less and minimum reduction of 20% from preoperative time point without 
an increase in number of glaucoma medications) after the completion of this study’s data collection, a post hoc 
analysis was conducted to compare the study’s success against the AAO’s minimal clinically important difference 
of 65% at M24.15 Uncontrolled IOP or hypotony had to occur over 2 consecutive postoperative visits to be 
considered a failure. In addition, because medication brands were recorded at each time point, a post hoc analysis 
was conducted to quantify the economic value of changes in glaucoma medication burden. Pharmaceutical costs 
were obtained from the Drug Price and Package Insert Search Site.29

Statistical Analysis
Descriptive statistics consisted of mean and standard deviation for continuous variables and frequency and percentages 
for count variables. Paired t-test was used to compare preoperative and M24 means in eyes with M24 data. A P ≤ 0.05 
indicated statistical significance.

The cumulative probabilities of achieving the primary success outcome and meeting the AAO success criteria at M24 
were assessed using the Kaplan-Meier method, followed by log-rank testing. Cox proportional hazard regression 
modeling was used to evaluate OAG subtypes.

Multilevel mixed-effects regression modeling was employed to account for the longitudinal design of the study, with 
patients nested within surgeons, and surgeons nested within institutions. The predicted changes in mean IOP and 
glaucoma medication costs over time were calculated using multilevel mixed-effects linear regression. Multilevel mixed- 
effects Poisson regression was used to estimate the changes in mean number of glaucoma medications over time. If an 
eye underwent additional glaucoma surgery, its IOP and medication data were censored from all subsequent time points. 
Multilevel mixed-effects ordered probit regression was used to analyze the changes in ordinal categorical variables (IOP 
and number of glaucoma medications ranges) at M24 from preoperative time point.

Table 1 Effectiveness Definitions

Effective 
When applicable any of the righta

● IOP lower than preoperative value, and number of glaucoma medications is the same or reduced.
● IOP is the same or lower than preoperative value, and number of glaucoma medications is reduced.

Not Effective 
When applicable any of the rightb

● IOP lower than preoperative value, but number of medications has increased.
● Both IOP and number of medications are greater than or equal to preoperative values.
● Underwent any laser or glaucoma surgery postoperatively.

Notes: aBecause the number of medications and IOP can flutuate substantially during the early postoperative period up to < 3 months, this period was excluded 
from effectiveness evaluation. Eyes that had laser or glaucoma surgery during this time period were labeled as failures. bEye had to fail 2 consecutive postoperative 
time points to be considered a failure. Failure time was recorded at the second consecutive time point. 
Abbreviation: IOP, intraocular pressure.
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Results
Demographics and Disease Characteristics
The study initially included 216 eyes; however, 2 eyes were excluded because one patient withdrew consent, and the other patient 
had the generation 1 iStent implanted. Therefore, 214 eyes were analyzed, with procedures performed by 22 surgeons from 14 
institutions. Most eyes were either POAG (48.6%) or NTG (46.3%), with 79.6% classified as having mild to moderate disease 
severity (Table 2). The mean IOP was ≤18 mmHg in 81.8% of eyes. The percentage of eyes on a regimen of 2 or more glaucoma 
medications was 66.8%. Only 10 eyes had previous glaucoma surgery: 6 laser trabeculoplasties, 4 trabeculotomies, and 1 laser 
iridotomy.

During the surveillance period, 43 eyes were considered lost to follow-up due to reasons such as patient death, 
relocation, or unknown causes.

Success Criteria
The cumulative success rate (primary outcome) at M24 for the cohort was 91.7% [95% confidence interval (CI): 86.6%, 
94.9%] (Figure 1A). The OAG subtypes had cumulative probability of success of 98.8% (95% CI: 91.6%, 99.8%) for NTG, 
88.9% (95% CI: 43.3%, 98.4%) for XFG, and 85.0% (95% CI: 75.6%, 91.0%) for POAG (log-rank test: P = 0.004) 
(Figure 1B). The NTG cohort had a significantly lower hazard of failure compared with the POAG group [hazard ratio 
(HR): 0.07; 95% CI: 0.01, 0.57; P = 0.012]. No statistically significant difference in the hazard of failure was observed 
between the XFG and POAG groups (HR: 0.82; 95% CI: 0.11, 6.29; P = 0.851). The wide confidence interval suggests 
substantial uncertainty in the estimate, likely reflecting the limited sample size in the XFG subgroup.

Table 2 Demographics and Preoperative Characteristics

Preoperative Characteristics (N = 214 eyes)

Eye, right; n (%) 124 (57.9)
Gender, male; n (%) 111 (51.9)

Mean age (± SD), years 71.2 (8.6)

OAG subtype, n (%)
POAG 104 (48.6)

NTG 99 (46.3)

XFG 11 (5.1)
Glaucoma severity, n (%)

Mild 93 (46.3)

Moderate 67 (33.3)
Advanced/severe 41 (20.4)

Mean visual field mean deviation (± SD), dB −7.6 (6.1)

Mean IOP (± SD), mmHg 15.9 (3.3)
IOP range, n (%)

≤ 15 mmHg 96 (44.9)

> 15 to 18 mmHg 79 (36.9)
> 18 mmHg 39 (18.2)

Mean glaucoma medications (± SD) 2.4 (1.3)

No. of glaucoma medications, n (%)
0 6 (2.8)

1 65 (30.4)

2 56 (26.2)
3 to 5 87 (40.7)

Previous glaucoma surgery, n (%) 10 (4.7)

Mean BCVA (± SD), logMar 0.7 (0.3)
Mean corneal endothelial cell density (± SD), cells/mm2 2,563 (353)

Abbreviations: BCVA, best corrected visual acuity; dB, decibels; NTG, normal tension 
glaucoma; OAG, open-angle glaucoma; POAG, primary open-angle glaucoma; SD, standard 
deviation; XFG, exfoliative glaucoma.
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Based on the AAO success criteria, the cohort’s cumulative probability of success at M24 was 80.7% (95% CI: 74.4%, 
85.7%) (Figure 2A). For the OAG subtype analysis using the AAO success criteria,15 the cumulative success rates at M24 
were 88.9% (95% CI: 43.3%, 98.4%) for XFG, 88.0% (95% CI: 79.4%, 93.2%) for NTG, and 72.9% (95% CI: 62.5%, 80.8%) 
for POAG (log-rank test: P = 0.039) (Figure 2B). Cox proportional hazard regression demonstrated a statistically signficant 
lower hazard of failure in the NTG group compared to the POAG reference group (HR: 0.44, 95% CI: 0.21, 0.88, P = 0.021). 
No significant difference was observed between XFG and POAG groups (HR: 0.41, 95% CI: 0.06, 3.00, P = 0.377).

Changes in Mean IOP and Number of Glaucoma Medications
Statistically significant changes in mean IOP and number of medications from preoperative values were observed at all 
postoperative time points in the cohort (Table 3A). In eyes with M24 data (n = 168), the mean IOP and number of 

Figure 1 Post-market surveillance success in the cohort (A) and by OAG subtype (B). 
Notes: Success was defined as no additional glaucoma surgery at any point in time and 1) IOP lower than preoperative value and number of glaucoma medications is the 
same or reduced or 2) IOP same or reduced from preoperative value and number of glaucoma medications is reduced. Success was analyzed starting from postoperative 
month 3. 
Abbreviations: IOP, intraocular pressure; NTG, normal tension glaucoma; OAG, open-angle glaucoma; POAG, primary open-angle glaucoma; XFG, exfoliative glaucoma.

Clinical Ophthalmology 2025:19                                                                                                   https://doi.org/10.2147/OPTH.S524956                                                                                                                                                                                                                                                                                                                                                                                                   1867

Inatani et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



medications (standard deviation) were reduced by 2.1 (3.4) mmHg [15.8 mmHg to 13.7 mmHg; P < 0.001] and 1.3 (1.2) 
[2.3 to 1.0; P < 0.001], respectively. At M24, the predicted reductions in mean (standard error) IOP and number of 
glaucoma medications were estimated to be 2.0 (0.5) mmHg and 1.9 (0.4) [both P < 0.001], respectively.

All OAG subtypes experienced statistically significant reductions from preoperative time point in both mean IOP and 
number of medications that were maintained through M24 (Table 3B–D). Among eyes with available M24 data, the 
POAG group had a mean IOP reduction of 2.0 (4.0) mmHg [from 17.0 mmHg to 15.0 mmHg; P < 0.001], the NTG 
cohort showed a reduction of 2.0 (2.5) mmHg [from 14.4 mmHg to 12.4 mmHg; P < 0.001], and the XFG cohort had a 
reduction of 4.7 (3.8) mmHg [from 18.6 mmHg to 13.9 mmHg; P = 0.016]. Mean number of medications was 
significantly reduced by 1.2 (1.4) [from 2.7 to 1.5; P < 0.001] in POAG, 1.4 (1.1) [from 1.9 to 0.5; P < 0.001] in 
NTG, and 1.7 (1.5) [from 2.4 to 0.7; P = 0.023] in XFG.

Figure 2 AAO MIGS with phacoemulsification success in the cohort (A) and by OAG subtype (B). 
Notes: Success was defined as at least 1 glaucoma medication decrease without an increase in IOP or IOP of 21 mmHg or less and minimum reduction of 20% from 
preoperative value without an increase in number of glaucoma medications, additional laser or incisional glaucoma surgery, loss of light perception vision, or hypotony. 
Success was analyzed starting from postoperative month 3. 
Abbreviations: AAO, American Association of Ophthalmology; IOP, intraocular pressure; MIGS, minimally invasive glaucoma surgery; NTG, normal tension glaucoma; 
OAG, open-angle glaucoma; POAG, primary open-angle glaucoma; XFG, exfoliative glaucoma.
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The predicted reductions in mean IOP and number of medications at M24 were 1.8 (0.6) mmHg [P = 0.001] and 1.3 
(0.2) [P < 0.001] for POAG, 2.0 (0.6) mmHg [P < 0.001] and 2.6 (1.0) [P = 0.009] for NTG, and 4.5 (1.6) mmHg [P = 
0.006] and 2.3 (1.0) [P = 0.020] for XFG, respectively (Table 3B–D).

Table 3 Observed and Predicted Mean IOP and Number of Glaucoma Medications in Cohort and OAG Subtypes

Time point N Observed 
mean IOP 

(SD)

Predicted 
mean IOP 

(SE)

Predicted change in mean IOP vs 
preoperative

Observed 
mean no. 
of meds 

(SD)

Predicted 
mean no. 
of meds 

(SE)

Predicted change in mean no. of 
meds vs preoperative

Mean 
(SE)

95% CI P value Mean 
(SE)

95% CI P value

A) Cohort

Preoperative 214 15.9 (3.3) 16.3 (0.4) NA NA NA 2.4 (1.3) 3.2 (0.4) NA NA NA

Day 1 213 14.8 (6.2) 15.1 (0.6) −1.2 (0.5) −2.1, −0.2 0.014 0.4 (0.9) 0.5 (0.2) −2.8 (0.5) −3.7, −1.9 <0.001

Week 1 213 14.5 (4.5) 14.9 (0.5) −1.4 (0.5) −2.3, −0.4 0.007 0.5 (1.0) 0.8 (0.2) −2.5 (0.4) −3.4, −1.6 <0.001

Month 1 207 13.1 (3.1) 13.5 (0.3) −2.7 (0.4) −3.5, −2.0 <0.001 0.7 (1.1) 0.9 (0.2) −2.3 (0.4) −3.1, −1.5 <0.001

Month 3 205 12.7 (3.0) 13.0 (0.4) −3.3 (0.5) −4.2, −2.4 <0.001 0.8 (1.1) 1.0 (0.2) −2.2 (0.4) −3.0, −1.4 <0.001

Month 6 197 12.8 (2.9) 13.1 (0.3) −3.1 (0.3) −3.7, −2.5 <0.001 0.8 (1.1) 1.1 (0.3) −2.1 (0.4) −2.9, −1.3 <0.001

Month 12 194 13.2 (3.2) 13.7 (0.3) −2.6 (0.3) −3.2, −1.9 <0.001 0.9 (1.3) 1.2 (0.3) −2.0 (0.4) −2.8, −1.2 <0.001

Month 24 168 13.7 (3.5) 14.2 (0.4) −2.0 (0.5) −2.9, −1.1 <0.001 1.0 (1.4) 1.4 (0.3) −1.9 (0.4) −2.7, −1.1 <0.001

B) POAG

Preoperative 104 17.0 (3.4) 17.0 (0.2) NA NA NA 2.7 (1.4) 3.0 (0.4) NA NA NA

Day 1 103 15.9 (7.4) 15.9 (0.9) −1.1 (0.9) −2.9, 0.7 0.243 0.5 (1.0) 0.6 (0.2) −2.4 (0.4) −3.2, −1.6 <0.001

Week 1 104 16.0 (5.0) 16.0 (0.7) −1.0 (0.7) −2.3, 0.4 0.170 0.8 (1.1) 0.9 (0.2) −2.1 (0.3) −2.7, −1.5 <0.001

Month 1 98 13.8 (3.2) 13.8 (0.4) −3.2 (0.5) −4.0, −2.4 <0.001 1.1 (1.2) 1.2 (0.3) −1.8 (0.3) −2.3, −1.3 <0.001

Month 3 98 13.3 (3.0) 13.2 (0.5) −3.8 (0.5) −4.8, −2.8 <0.001 1.2 (1.2) 1.3 (0.3) −1.7 (0.2) −2.2, −1.3 <0.001

Month 6 96 13.6 (2.8) 13.6 (0.3) −3.4 (0.3) −4.0, −2.8 <0.001 1.3 (1.3) 1.4 (0.3) −1.6 (0.2) −2.0, −1.2 <0.001

Month 12 92 14.3 (3.7) 14.4 (0.3) −2.6 (0.4) −3.3, −1.9 <0.001 1.5 (1.5) 1.6 (0.4) −1.4 (0.2) −1.9, −1.0 <0.001

Month 24 80 15.0 (4.0) 15.2 (0.6) −1.8 (0.6) −2.9, −0.7 0.001 1.5 (1.5) 1.7 (0.4) −1.3 (0.2) −1.7, −0.9 <0.001

C) NTG

Preoperative 99 14.6 (2.8) 14.9 (0.6) NA NA NA 2.0 (1.1) 3.4 (1.0) NA NA NA

Day 1 99 13.2 (4.1) 13.5 (0.6) −1.4 (0.4) −2.2, −0.6 <0.001 0.2 (0.6) 0.3 (0.2) −3.1 (1.1) −5.2, −1.0 0.004

Week 1 98 12.9 (3.4) 13.3 (0.5) −1.6 (0.5) −2.5, −0.7 0.001 0.3 (0.7) 0.4 (0.2) −3.0 (1.1) −5.1, −0.9 0.006

Month 1 99 12.4 (2.8) 12.8 (0.4) −2.1 (0.5) −3.1, −1.2 <0.001 0.3 (0.8) 0.5 (0.2) −2.9 (1.1) −5.0, −0.8 0.006

Month 3 98 12.0 (3.0) 12.4 (0.6) −2.6 (0.6) −3.7, −1.5 <0.001 0.4 (0.8) 0.7 (0.2) −2.8 (1.0) −4.8, −0.8 0.007

Month 6 92 11.9 (2.8) 12.3 (0.6) −2.7 (0.5) −3.6, −1.8 <0.001 0.4 (0.8) 0.7 (0.2) −2.8 (1.0) −4.8, −0.8 0.007

Month 12 93 12.2 (2.7) 12.5 (0.4) −2.4 (0.5) −3.3, −1.4 <0.001 0.4 (0.8) 0.7 (0.2) −2.8 (1.0) −4.8, −0.8 0.007

Month 24 81 12.4 (2.4) 12.9 (0.3) −2.0 (0.6) −3.2, −0.9 0.001 0.5 (1.0) 0.8 (0.2) −2.6 (1.0) −4.6, −0.7 0.009

D) XFG

Preoperative 11 17.9 (2.3) 17.8 (1.0) NA NA NA 2.2 (1.3) 3.3 (0.7) NA NA NA

Day 1 11 18.2 (7.3) 18.1 (2.6) 0.3 (1.8) −3.3, 3.9 0.882 0.0 (0.0) 0.0 (0.0) −3.3 (0.7) −4.7, −1.9 <0.001

Week 1 11 15.0 (3.1) 14.9 (0.6) −2.9 (0.9) −4.6, −1.2 0.001 0.5 (1.0) 0.7 (0.4) −2.6 (0.9) −4.3, −0.9 0.003

Month 1 10 13.7 (2.5) 13.6 (1.0) −4.2 (1.4) −6.8, −1.5 0.002 0.5 (1.1) 0.8 (0.5) −2.5 (0.8) −4.2, −0.9 0.003

Month 3 9 13.1 (1.7) 12.8 (0.5) −4.9 (1.0) −7.1, −2.8 <0.001 0.4 (1.0) 0.6 (0.4) −2.7 (0.9) −4.5, −0.9 0.004

Month 6 9 13.0 (0.5) 12.9 (0.3) −4.9 (1.0) −6.8, −3.0 <0.001 0.6 (1.0) 0.8 (0.4) −2.5 (0.9) −4.3, −0.7 0.007

Month 12 9 12.9 (1.5) 12.8 (0.5) −5.0 (1.1) −7.2, −2.8 <0.001 0.6 (1.0) 0.8 (0.4) −2.5 (0.9) −4.3, −0.7 0.007

Month 24 7 13.9 (2.0) 13.3 (0.8) −4.5 (1.6) −7.7, −1.3 0.006 0.7 (1.5) 0.9 (0.6) −2.3 (1.0) −4.3, −0.4 0.020

Notes: “Observed” refers to the mean value in eyes with data at designated time point. “Predicted” refers to the mean value estimated using multilevel mixed-effects 
regression models. 
Abbreviations: CI, confidence interval; IOP, intraocular pressure; meds, medications; N, number of eyes; NA, not applicable; no., number; NTG, normal tension glaucoma; 
OAG, open-angle glaucoma; POAG, primary open-angle glaucoma; SD, standard deviation; SE, standard error; XFG, exfoliative glaucoma.
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Proportional Analysis
Following iStent inject W implantation with phacoemulsification, a significant shift toward lower IOP was observed in 
the cohort from the preoperative period to M24 (all P < 0.001) (Figure 3A). The proportion of eyes achieving ≤15 mmHg 
grew from 43.1% to 69.9% in the cohort, resulting in an absolute percentage point change of 26.8% (95% CI: 15.7%, 
37.9%; P < 0.001) (Figure 3A). Similar trends were observed in all 3 OAG subtypes (Figure 3B–D).

iStent inject W implantation resulted in reduced glaucoma medication burden in the overall cohort and across OAG 
subtypes (Figure 4A–D). At M24, 34.1% of eyes in the cohort were estimated to be medication-free, compared with only 
6.5% at preoperative time point — an increase of 27.6% percentage points (95% CI: 12.1%, 43.1%; P < 0.001) 
(Figure 4A). In addition, all OAG subtypes exhibited a statistically significant increase in the proportion of medica
tion-free eyes at M24 vs preoperative time point (all P < 0.01) (Figure 4B–D).

Among cohort eyes with available data at M24, 37.5% had a reduction of 2 or more glaucoma medications, 42.9% 
had a reduction of 1 medication, 13.1% had no change, 5.4% required 1 additional medication, and 1.2% required 2 
additional medications compared to preoperative values.

Figure 3 Predicted proportion of eyes in IOP ranges for the cohort (A), POAG (B), NTG (C), and XFG (D) at preoperative time point and postoperative month 24. 
Notes: Proportions were estimated using multilevel mixed-effects ordered probit regression model. *All categories were statistically significant at postoperative month 24 
compared with preoperative time point, P < 0.05. 
Abbreviations: CI, confidence interval; IOP, intraocular pressure; NTG, normal tension glaucoma; POAG, primary open-angle glaucoma; XFG, exfoliative glaucoma.
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Safety
Adverse events, including device-related events, were minimal and manageable. The most common AE was transient 
IOP increase with 6 events (2.8%) (Table 4). Interventions for this AE included 1 acetazolamide administration, 2 
selective laser trabeculoplasties (SLT) and 2 anterior chamber puncture/lavage. For posterior capsule opacification, 
interventions consisted of 1 YAG laser and 1 secondary cataract incision. One PreserFlo® MicroShunt implantation 
and 1 trabeculectomy were treatments for progression of visual field defects. One case of corneal edema resolved 
following anterior chamber lavage, and prescription of oral prednisone for hypopyon. YAG laser was used to treat the 
single case of peripheral anterior synechiae. In total, only 4 (2%) eyes required additional glaucoma surgery (2 SLTs, 1 
PreserFlo MicroShunt, and 1 trabeculectomy) as interventions for the AEs stated above.

Sixteen device-related AE were reported. The most common was stent occlusion (9 events). Four cases received 
intervention with YAG laser; the rest either resolved without treatment or were untreated. None of the other device- 
related AEs required interventions (Table 4).

In eyes with M24 data, best-corrected visual acuity (decimal) improved from mean (standard deviation) of 0.7 (0.3) to 
1.0 (0.3) [P < 0.001]. No statistically significant changes were detected in mean visual field mean deviation [preopera
tive: −7.3 (6.1) dB; M24: −7.4 (6.7) dB; P = 0.920]. Mean corneal endothelial cell density decreased significantly from 
2,581 (351) cells/mm2 to 2,487 (324) cells/mm2 (P = 0.002).

Figure 4 Predicted proportion of eyes in number of glaucoma medication ranges for the cohort (A), POAG (B), NTG (C), and XFG (D) at preoperative time point and 
postoperative month 24. 
Notes: Proportions were estimated using multilevel mixed-effects ordered probit regression model. *All categories were statistically significant at postoperative month 24 
compared with preoperative time point, P < 0.01. 
Abbreviations: CI, confidence interval; med, medications; NTG, normal tension glaucoma; POAG, primary open-angle glaucoma; XFG, exfoliative glaucoma.
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Medication Costs
Predicted mean monthly glaucoma medication costs were statistically significantly reduced from preoperative values at all 
postoperative time points in both the overall cohort and across all OAG subtypes (Table 5). At M24, the estimated 

Table 4 Adverse Events

Adverse Events Number of Events  
(number of events/214)

IOP increase 6 (2.8%)

Posterior capsule opacification 3 (1.4%)

Progression of visual field defects 3 (1.4%)

Corneal edema 1 (0.5%)

Corneal injury 1 (0.5%)

Hypopyon 1 (0.5%)

Macular edema 1 (0.5%)

Peripheral anterior synechiae 1 (0.5%)

Epiretinal membrane 1 (0.5%)

Poor health condition 1 (0.5%)

Total (number of events/214) 19 (8.9%)

Total (number of eyes/214) 18 (8.4%)

Device-related events

Stent occlusion 9 (4.2%)

Stent malposition 4 (1.9%)

Stent incarceration in the iris 2 (0.9%)

Insufficient injector function 1 (0.5%)

Total (number of events/214) 16 (7.5%)

Total (number of eyes/214) 14 (6.5%)

Abbreviation: IOP, intraocular pressure.

Table 5 Observed and Predicted Mean Monthly Glaucoma Medication Costs in Japanese Yen in Cohort and OAG Subtypes

Time point N Observed mean monthly 
glaucoma medication 

costs (¥) (SD)

Predicted mean monthly 
glaucoma medication 

costs (SE)

Predicted change in mean monthly glaucoma 
medication costs vs preoperative time point

Mean (SE) 95% CI P value

A) Cohort

Preoperative 214 2,759 (1,846) 3,083 (229) NA NA NA
Month 1 185 828 (1,380) 1,061 (231) −2,022 (79) −2,177, −1,867 <0.001

Month 3 206 797 (1,316) 1,156 (231) −1,927 (78) −2,079, −1,774 <0.001

Month 6 200 864 (1,346) 1,227 (233) −1,856 (83) −2,018, −1,694 <0.001
Month 12 194 969 (1,508) 1,362 (240) −1,721 (99) −1,915, −1,526 <0.001

Month 24 168 1,028 (1,554) 1,551 (265) −1,532 (149) −1,825, −1,240 <0.001

(Continued)
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percentage reductions in mean monthly glaucoma medication costs compared to the preoperative time point were 49.7% for 
the overall cohort, 42.6% for POAG, 62.9% for NTG, and 50.3% for XFG. In eyes with available M24 data in the cohort, 
mean monthly medication costs were reduced by ¥1,637 (128) [from ¥2,665 to ¥1,028; P < 0.001], at M24 vs preoperative 
time point, indicating a 61.4% reduction. For POAG, NTG, and XFG subgroups, the cost reductions in eyes with M24 data 
were ¥1,551 (198) [from ¥3,090 to ¥1,540; P < 0.001], ¥1,718 (161) [from ¥2,245 to ¥528; P < 0.001], and ¥1,686 (992) 
[from ¥2,668 to ¥982; P = 0.140], respectively.

Discussion
This 2-year Japan post-market surveillance of iStent inject W combined with phacoemulsification is, to date, the largest 
study of iStent inject W in Asian eyes. The results demonstrated clinically relevant reductions in both IOP and topical 
ocular hypotensive medication use compared with preoperative values in OAG eyes. The benefits of medication 
reductions were translated into medication cost savings that would benefit the government and patients. Furthermore, 
patients achieved these outcomes with minimal AEs. These findings were also evident in OAG subtypes (POAG, NTG, 
and XFG).

High success rates were observed overall (91.7%), particularly in NTG eyes (98.8%). Using the AAO success criteria, 
the cohort’s cumulative success rate at M24 was 80.7%. The AAO successes in OAG subtypes ranged from 73% to 89%. 
These percentages were higher than the AAO recommended minimal clinically important difference of 65% for the 
cumulative probability of surgical success for MIGS combined with phacoemulsification at 2 years, indicating benefits to 

Table 5 (Continued). 

Time point N Observed mean glaucoma 
medication costs (¥) per 

month (SD)

Predicted mean glaucoma 
medication costs per 

month (SE)

Predicted change in mean monthly glaucoma 
medication costs vs preoperative time point

Mean (SE) 95% CI P value

B) POAG

Preoperative 104 3,215 (1,990) 3,330 (235) NA NA NA

Month 1 98 1,157 (1,555) 1,291 (236) −2,039 (110) −2,255, −1,824 <0.001
Month 3 99 1,205 (1,518) 1,363 (237) −1,967 (111) −2,184, −1,750 <0.001

Month 6 97 1,295 (1,534) 1,446 (239) −1,884 (114) −2,108, −1,660 <0.001

Month 12 92 1,536 (1,758) 1,677 (248) −1,654 (128) −1,904, −1,403 <0.001
Month 24 80 1,540 (1,791) 1,913 (273) −1,418 (171) −1,753, −1,083 <0.001

C) NTG

Preoperative 99 2,308 (1,614) 2,728 (250) NA NA NA

Month 1 77 451 (1,005) 719 (252) −2,008 (120) −2,244, −1,772 <0.001
Month 3 98 405 (913) 842 (250) −1,885 (112) −2,105, −1,666 <0.001

Month 6 94 436 (943) 883 (253) −1,844 (118) −2,075, −1,614 <0.001

Month 12 93 423 (945) 904 (261) −1,824 (134) −2,086, −1,562 <0.001
Month 24 81 528 (1,050) 1,010 (293) −1,717 (188) −2,086, −1,348 <0.001

D) XFG

Preoperative 11 2,504 (1,404) 2,951 (408) NA NA NA

Month 1 10 505 (1,359) 953 (418) −1,999 (342) −2,669, −1,329 <0.001
Month 3 9 571 (1,430) 933 (430) −2,018 (354) −2,712, −1,325 <0.001

Month 6 9 685 (1,419) 1,114 (436) −1,838 (357) −2,537, −1,138 <0.001

Month 12 9 822 (1,493) 1,294 (447) −1,658 (363) −2,370, −945 <0.001
Month 24 7 982 (1,855) 1,467 (506) −1,485 (419) −2,306, −663 <0.001

Notes: “Observed” refers to the mean cost in eyes with data at designated time point. “Predicted” refers to the mean value estimated using multilevel mixed-effects linear 
regression with the month variable as a random slope. 
Abbreviations: CI, confidence interval; IOP, intraocular pressure; meds, medications; N, number of eyes; NA, not applicable; no., number; NTG, normal tension glaucoma; 
OAG, open-angle glaucoma; POAG, primary open-angle glaucoma; SD, standard deviation; SE, standard error; XFG, exfoliative glaucoma.
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the individual patient.15 Furthermore, the proportion of eyes achieving ≤15 mmHg was estimated to be 69.9% vs 43.1% 
(preoperative). The improvements in clinical outcomes were accompanied by a favorable safety profile with minimal 
adverse and device-related events. In addition, significant reductions in medication costs were observed following iStent 
inject W implantation with phacoemulsification.

The clinical and safety results corroborate those studies in non-Asian, other Asian, and Japanese glaucoma patient 
populations implanted with iStent inject in combination with phacoemulsification. A 3-year multicentered Australian 
retrospective study from Clement et al30 in glaucoma eyes (approximately 78% OAG) with 30% having prior glaucoma 
laser and surgical procedures demonstrated mean IOP reductions from 16.4 mmHg (preoperative) to 13.9 mmHg (P < 
0.001). Mean number of glaucoma medications was also reduced from 1.5 to 0.5 (P < 0.001). The proportion of eyes 
achieving ≤15 mmHg increased from 43.4% (preoperative) to 69.8% (Year 3). Only 4.4% of eyes required additional 
glaucoma surgery.

A 1-year Singaporean retrospective study on iStent inject combined with phacoemulsification in mainly ethnic 
Chinese POAG eyes showed a mean IOP reduction of 1.3 mmHg (P = 0.036) from 16.2 mmHg preoperative and 
reductions in mean number of glaucoma medication of 1.4 (P < 0.001).31 Similar to our study, the achievement of ≤15 
mmHg increased from 43.4% to 69.8%. Adverse events were minimal, with only 1 out of 95 eyes requiring rescue 
glaucoma surgery.

Most published studies from Japan compared iStent inject W to iStent or other MIGS in combination with 
phacoemulsification.24,28,32,33 Kanda et al investigated the differences in mean IOP and number of glaucoma medications 
in mild to moderate OAG eyes without prior glaucoma surgery that underwent iStent inject W or iStent implantation with 
phacoemulsification.24 In the iStent inject W arm, the mean IOP was statistically significantly reduced from 16.5 mmHg 
to 13.7 mmHg at M12 (P < 0.001). This was similar to our findings in which the observed mean IOP at preoperative at 
15.9 mmHg was reduced to 13.2 mmHg at M12. Likewise, their study showed the mean number of medications 
decreased from 2.3 to 1.0 (P < 0.001), while our observed results indicated a reduction from 2.4 to 0.9. No additional 
glaucoma surgeries were required in Kanda et al. The only complications reported were 4.4% of eyes with hyphema, 
which required no anterior chamber washout, and 3.3% of eyes with transient IOP spikes >30 mmHg that were resolved 
with IOP-lowering medications.

Our study demonstrated favorable outcomes of iStent inject W combined with phacoemulsification in eyes with NTG 
and XFG. However, as XFG eyes comprised only 5% of the cohort, these results should be considered exploratory and 
interpreted with caution pending confirmation in larger studies. Few studies on iStent inject technologies have focused 
exclusively on XFG; however, studies have been published on NTG in combination with phacoemulsification.34,35 

A systematic literature review and meta-analysis on angle-based MIGS in NTG from Oo et al, which included studies in 
Asian eyes, reported a reduction in mean IOP of 2.3 mmHg (95% CI: 1.1, 3.6) and a reduction in mean number of 
glaucoma medications of 1.1 (95% CI: 0.9, 1.3) at M12 in studies evaluating iStent inject combined with 
phacoemulsification.36 At M12, our predicted mean IOP reduction was 2.4 mmHg, and the mean reduction in number 
of glaucoma medications was 2.8 in NTG eyes.

Given the treatment-related burden of glaucoma medications and the growing adoption of MIGS, the glaucoma 
treatment paradigm is shifting toward a more proactive surgical approach to preserve visual function.4,5,37 The sustained 
IOP reduction and decreased medication burden associated with MIGS may slow or halt disease progression,38 improve 
ocular surface health,39,40 and address the challenges of patient self-management4 by reducing reliance on topical 
medication therapies. Another potential benefit of early surgical treatment is the reduction or elimination of costs 
associated with long-term use of topical glaucoma medications.5

This single-arm, post-market surveillance was approved by the Japanese authorities to confirm that the safety and 
clinical outcomes with iStent inject W combined with phacoemulsification previously observed in other populations were 
also evident in Japanese OAG eyes. The results reflect real-world conditions, as postoperative management and the 
reintroduction of medications were determined at the discretion of the surgeons. The inclusion of a phacoemulsification- 
only arm would have provided insight into the additional effectiveness of iStent inject W. The likelihood of regression to 
the mean was minimized by using repeated measures modeling to account for within-subject variability over time.
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Conclusion
In conclusion, iStent inject W implantation combined with phacoemulsification resulted in significantly lower IOP and 
reduced medication burden from preoperative values, with minimal AE over 24 months of follow-up in Japanese OAG 
eyes. A 92% success rate at M24 was reported in the overall cohort. These IOP- and medication-lowering benefits were 
observed across OAG subtypes. Furthermore, the economic value of iStent inject W combined with phacoemulsification 
was demonstrated through reductions in glaucoma medication costs. Given the high prevalence of NTG in Japan, the 
observed IOP and medication reductions in this OAG subgroup — along with lower hazard of failure compared to the 
POAG cohort — provide confidence in the use of this MIGS as a suitable interventional glaucoma treatment option for 
the Japanese population.
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