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Précis: The iStent Infinite Trabecular Micro-Bypass System
implanted in patients with open angle glaucoma (OAG) (uncon-
trolled by prior surgical or medical therapy) was effective in
reducing mean diurnal intraocular pressure with a favorable safety
profile.

Purpose: The purpose of this study is to evaluate safety and effec-
tiveness of the iStent infinite Trabecular Micro-Bypass System in
patients with OAG uncontrolled by prior surgical or medical
therapy.

Design: Prospective, multicenter, single-arm, open-label clinical trial.

Methods: Implantation of iStent infinite (3 iStent inject W stents)
was performed as a stand-alone surgical procedure in eyes with
OAG uncontrolled by prior incisional or cilioablative surgeries or
maximum tolerated medical therapy (MTMT). Prospectively
declared effectiveness endpoints were proportion of eyes achieving
≥ 20% mean diurnal intraocular pressure (MDIOP) reduction from
baseline at month 12 on the same or fewer intraocular pressure
(IOP)-lowering medication classes (responder endpoint) and mean
change in MDIOP from baseline at month 12. Safety parameters
included visual acuity, slit-lamp and fundus examinations, gonio-
scopy, perimetry, surgical complications, and adverse events.

Results: Seventy-two eyes of 72 patients (mean age 71.9 y) with
preoperative mean medicated MDIOP of 23.4± 2.8 mm Hg on a
mean of 3.1± 0.9 IOP-lowering medication classes were enrolled: 61
eyes with failed prior surgery/ies (Failed-Surgery subgroup) and 11
eyes uncontrolled on MTMT (MTMT subgroup). A total of 76.1%
of all enrolled patients met the responder endpoint (73.4% Failed-
Surgery, 90.9% MTMT), with mean reduction (SE) in MDIOP at

month 12 of 5.9(0.6) mm Hg [5.5(0.7) mm Hg Failed-Surgery
subgroup, 8.1(0.9) mm Hg MTMT subgroup]. For patients on the
same or fewer medication(s) as baseline, 53.0% achieved ≥ 30%
MDIOP reduction without surgical interventions/other events.
Safety was favorable, with no explants, infection, or device-related
interventions or hypotony.

Conclusions: iStent infinite stand-alone surgery achieved clinically
significant IOP reduction and favorable safety in patients with OAG
uncontrolled by prior therapy.
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G laucoma is the leading cause of permanent blindness
worldwide, with prevalence projected to increase over

time.1,2 Currently available therapies for open angle glau-
coma (OAG) focus on reducing intraocular pressure (IOP),
established as the only proven modifiable risk factor in
disease progression.3–5 To achieve IOP reduction, 1 or a
combination of different treatments may be used, from early
intervention with topical IOP-lowering medications and
laser treatment to traditional filtration procedures such as
trabeculectomy or tube shunt implantation for patients not
well controlled on IOP-lowering medications or laser pro-
cedures. As disease progresses, escalation toward the more
invasive end of the treatment spectrum is often necessary.

Although various types of IOP-lowering medications
have been proven safe and efficacious for lowering IOP,
their effectiveness and utility in the long-term management
of OAG may be limited by poor patient compliance, ocular
surface disease in part because of preservative exposure,
local and systemic side effects, and diminished quality of
life.6–10 Selective laser trabeculoplasty (SLT) is also fre-
quently used as an early intervention; however, the IOP-
lowering effect of SLT may wane over time, and additional
treatment is often required to attain the IOP target.11,12 For
cases with inadequate response to topical IOP-lowering
medication and laser-based therapies, traditional bleb-
forming or newer subconjunctival filtration surgeries can
dramatically reduce IOP. However, these surgeries have
both early and lifelong, rare but serious, risks of sight-
threatening adverse events (AEs) such as endophthalmitis,
hypotony maculopathy, massive choroidal effusion, supra-
choroidal hemorrhage, corneal decompensation, double
vision, rapid cataract progression, and bleb-related
complications.13DOI: 10.1097/IJG.0000000000002141
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Microinvasive glaucoma surgery (MIGS) has emerged
as a class of procedures enabling earlier surgical intervention
in the treatment of OAG. In addition to effective IOP
lowering, this class of procedures aims to address challenges
associated with medication adherence and ocular surface
disease by reducing medication burden, while avoiding many
of the risks of more invasive filtration procedures.14,15 A
recent real-world head-to-head comparison of trabeculec-
tomy versus MIGS with the placement of 2 or 3 trabecular
micro-bypass stents highlighted this benefit-to-risk balance,
with significantly higher safety-adjusted treatment success in
multistent eyes than in trabeculectomy eyes.16

The MIGS category covers a relatively wide range of
procedures and devices that have varying levels of invasive-
ness and consequent risks. Goniotomies have been performed
in a variety of ways (eg, Kahook dual blade, trabectome,
OMNI, and gonioscopy-assisted transluminal trabeculot-
omy) that remove or incise the trabecular meshwork and
inner wall of Schlemm canal to reduce the resistance to
aqueous outflow. Trabecular bypass devices retain virtually
all of the inner wall of Schlemm canal, but still are able to
reduce the resistance to aqueous outflow. To date, the MIGS
devices with the largest evidence base (commercial longevity
and number of peer-reviewed publications) are the iStent
TrabecularMicro-Bypass System (first-generation iStent) and
iStent inject Trabecular Micro-Bypass System (second
generation iStent) (Glaukos Corp., Aliso Viejo). A third
trabecular bypass device approved in the United States is the
HydrusMicrostent (Alcon). In the United States, all 3 devices
are indicated for use in mild to moderate OAG in combina-
tion with cataract surgery, supported by randomized
controlled pivotal trials demonstrating effective IOP lowering
and substantial medication reduction;17–19 in the case of
iStent and iStent inject, overall safety parameters in these
trials were shown to be comparable to cataract surgery
alone.17,18 Beyond the pivotal trials evaluating combined
procedures for mild to moderate primary OAG, multiple
additional studies have shown that implantation of iStent and
iStent inject can effectively and safely reduce IOP and medi-
cation burden in both combined (with phacoemulsification)
and stand-alone (without phacoemulsification) surgery.20–32

The evidence also demonstrates an incremental increase in
IOP-reducing and medication-reducing effect with a higher
number of iStents (1 vs. 2 vs. 3)20,33–39 and suggests a specific
incremental benefit of 3 over 2 stents.16

Subconjunctival bleb-associated surgeries, which bypass
the eye’s natural drainage system and create a filtering bleb
(eg, trabeculectomy, tube shunt implantation, XENGel Stent
implantation, Preserflo), may be considered when greater IOP
lowering is required. Trabeculectomy and tube shunt
implantation, frequently referred to as the traditional filtra-
tion procedures, can produce substantial IOP reduction, but
they also carry rare but significant safety risks, which have
been shown to increase even further over time.13,40–42

The XEN Glaucoma Treatment System (AbbVie Inc.)
was introduced as a less invasive ab interno bleb-forming
treatment option. The pivotal trial for the XEN Gel Stent-
enrolled OAG eyes inadequately controlled on maximum
tolerated medical therapy (MTMT) or by prior surgical
procedures,43 with 76.3% of eyes achieving ≥ 20% IOP
reduction and an average of 6.4 mm Hg of IOP reduction
from baseline at 12 months. As XEN implantation requires
bleb formation, associated complications (eg, bleb needling
in 32.3% of eyes, hypotony (defined as IOP <6 mm Hg) in
24.6%, and IOP spikes in 21.5% in the XEN pivotal trial)

are similar to traditional bleb-associated filtering glaucoma
surgeries.43 In addition, 11% of the Xen stents in the pivotal
trial needed to be explanted. Therefore, there remains a need
for microinvasive, bleb-free devices that limit such safety
concerns while also maintaining substantial IOP-lowering
effect and reduction of medication-based treatment burden.

The iStent infinite Trabecular Micro-Bypass System
(Glaukos Corp.) aims to extend the benefits of the safety
profile and effective IOP lowering of trabecular micro-
bypass stenting to achieve effective IOP lowering when
implanted in a stand-alone surgical procedure in OAG
patients inadequately controlled by prior surgical proce-
dures or MTMT. iStent infinite consists of 3 microscale
wide-flange (iStent inject W) stents on a single preloaded
injector. The stents are designed to be implanted ab interno
in 3 separate areas (each ~2 clock-hours apart) over the
nasal 4 clock-hours of the trabecular meshwork, creating a
patent bypass through the trabecular meshwork into
Schlemm canal to increase physiological aqueous outflow
and reduce IOP. Trabecular bypass has been shown angio-
graphically to reactivate formerly dormant outflow net-
works, thus demonstrating the utility of trabecular bypass
even in eyes thought to have compromised downstream
function.44 It also preserves the native angle architecture,
preventing disruption of the peristaltic function of Schlemm
canal in aiding aqueous outflow.45 Furthermore, each
additional stent incrementally increases the treatment
effect.16,33–39 By targeting physiological trabecular outflow,
the procedure aims to avoid the risks associated with bleb-
forming, subconjunctival, or suprachoroidal procedures;
and does not require tissue or angle destruction, disruption
of the blood-aqueous barrier, or conjunctival manipulation
that could hinder future successful glaucoma interventions if
needed.

The present pivotal trial was a 12-month multicenter
prospective study evaluating the safety and effectiveness
of the iStent infinite Trabecular Micro-Bypass System
administered via a stand-alone procedure to OAG patients
who had failed prior intervention(s) with filtering or
cilioablative surgery and/or who were on MTMT.

METHODS

Trial Design and Endpoints
This prospective, multicenter, single-arm, open-label

pivotal trial evaluated the 12-month safety and effectiveness
of iStent infinite implanted as a stand-alone procedure in
OAG patients whose glaucoma was inadequately controlled
by prior surgical procedures or MTMT. Key elements of
this clinical trial design were based on the Food and Drug
Administration (FDA) Guidance on Premarket Studies of
Implantable Minimally Invasive Glaucoma Devices
(December 2015) and the ANSI Z80.27-2014 (American
National Standard for Ophthalmics-Implantable Glaucoma
Devices) Standard for Implantable Glaucoma Devices. The
trial was conducted under Investigational Device Exemption
G180001 and with Institutional Review Board approval;
and it followed the tenets of the Declaration of Helsinki,
including written informed consent of all patients. The trial
was registered with the National Library of Medicine
(clinicaltrials.gov, NCT03639870).

The trial had 2 effectiveness endpoints: the proportion of
patients achieving a ≥ 20% reduction from baseline in mean
diurnal IOP (MDIOP) at 12 months while remaining on the
same or fewer medication classes and without safety events
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(responder effectiveness endpoint); and the mean change from
baseline in MDIOP at 12 months (IOP change from baseline
endpoint). Safety events that resulted in nonresponder clas-
sification included (1) hypotony (IOP <6 mm Hg) associated
with clinically significant findings, (2) loss of light perception,
(3) IOP-related secondary surgical interventions (SSIs), (4)
cyclodialysis cleft, and/or (5) no stents visible.

IOP measurements were taken by Goldmann appla-
nation using a standard 2-person method common in glau-
coma studies;4 MDIOP was calculated as the mean of 3
individual IOP measurements on the same day (at ~8:00 AM,
12:00 PM, and 4:00 PM), and was completed at the baseline
and month 12 visits.

Safety parameters included intraoperative complica-
tions, postoperative AEs, best spectacle-corrected visual
acuity (BSCVA), gonioscopy, central corneal pachymetry,
visual field testing, and slit-lamp and fundus examinations.
Trial visits consisted of preoperative Screening and Baseline
examinations, and postoperative day 1, week 1, month 1,
month 3, month 6, month 9, and month 12 examinations.
Patients were not washed-out of medications at preoperative
or postoperative examinations.

Trial Participants
The trial was designed to enroll patients across ~19

investigational sites to ensure a minimum of 50 evaluable eyes
at 12 months postoperatively. Inclusion criteria were a diag-
nosis of OAG (primary OAG, pseudoexfoliative glaucoma,
or pigmentary glaucoma); and failed or inadequate response
to prior OAG therapy. Inadequate response to prior OAG
therapy was defined as glaucoma that was (1) uncontrolled by
medical therapy and one or more conventional incisional or
cilioablative procedures (eg, trabeculectomy, tube implanta-
tion, cryotherapy, and cyclodiode therapy) (these patients
comprised the Failed-Surgery subgroup) and/or (2) unre-
sponsive to MTMT (≥ 4 classes of topical IOP-lowering
medications, or fewer in cases of intolerance or contra-
indications) (these patients comprised the MTMT subgroup).
The study design was predicated on the prior FDA-approved
trial of the Xen stent in a similar study population and in
accordance with ANSI guidelines for refractory glaucoma.

Additional inclusion criteria included open angle con-
figuration (Shaffer grade ≥ 3), normal angle anatomy, and
absence of ocular inflammation, corneal opacities or edema,
peripheral anterior synechia, or any other angle abnormal-
ities that could impair stent visualization and placement.
Patients could be either phakic (with no expectation of
cataract surgery within 1 year) or pseudophakic (with pos-
terior chamber intraocular lens). Preoperative-medicated
IOP at the Screening and Baseline visits was required to be
≥ 20 and ≤ 35 mm Hg. Patients were required to have visual
field defects and optic nerve abnormalities consistent with
glaucoma, and visual acuity of light perception or better in
the study eye at screening. Key exclusion criteria included
traumatic, uveitic, neovascular, or angle closure glaucoma;
glaucoma associated with vascular disorders; active corneal
dystrophy, inflammation, or surgery that could alter IOP
measurement; and use of systemic medications that could
cause an increase in IOP. Of note, enrollment into the trial
was not restricted by disease severity (mild, moderate, or
severe) nor by level of visual field loss. To date, it has not
been determined whether eyes with different stages of
glaucoma severity respond differently to trabecular bypass
microstent surgery.

Study Device
The iStent infinite Trabecular Micro-Bypass System is

a sterile, single-use injector system preloaded with 3 heparin-
coated, implant-grade titanium wide-flange stents (iStent
inject W) (Figs. 1A, B). The length of each microscale stent
is 360 microns, and the width of the rear flange is 360
microns. Despite its microscopic size, the stent design has
been designed and proven to allow the same outflow rate as
aqueous humor production by the human body (average
2.5 µL/min).35,36 The thorax, located midway along the
device, retains the stent within the trabecular meshwork,
whereas 4 lateral outlet lumens on the head of the device
facilitate multidirectional aqueous outflow from the anterior
chamber into Schlemm canal. Once implanted, the 3 stents
occupy ~3% of the angle, leaving the remaining 97% of
angle tissue untouched. Three stents are placed over at least
4 clock hours of the angle, providing access to up to 240
degrees of collector channels for aqueous outflow.46

Surgical Technique
The iStent infinite implantation procedure followed the

same approach as for iStent inject, which was described in
detail previously.18 iStent infinite implantation was composed
of the following steps: through a single temporal peripheral
clear corneal incision, after filling the anterior chamber with
viscoelastic, the iStent infinite injector was advanced under
direct gonioscopy to the nasal trabecular meshwork, where
the first stent was implanted through the meshwork into
Schlemm canal. The injector tip was then repositioned to
implant the second stent ~2 clock-hours away from the first
stent. The third stent was then implanted using the same
procedure as the previous stents, placing the implant ~2 clock-
hours away from either of the first 2 stents. To ensure optimal
positioning and angle of approach, the surgeonmay choose to
exit the eye and reposition after the first or second stent
implant. After insertion of the 3 stents, proper placement and
seating in the trabecular meshwork were confirmed under
intraoperative gonioscopy. Viscoelastic was then removed
and sealing of the corneal incision was ensured. After surgery
in this clinical trial, patients were prescribed topical antibiotic
and topical anti-inflammatory medication (nonsteroidal anti-
inflammatory drug) for 1 week. Topical steroids were not
used routinely because (1) there was minimal surgical trauma,
with only mild and transient postoperative inflammation; and
(2) to avoid a steroid response with IOP elevation. All the
investigators were experienced MIGS surgeons familiar with
intraoperative gonioscopy and placement of MIGS devices.

Statistical Analysis
Outcomes were analyzed according to 3 separate pop-

ulation cohorts. First, the intent-to-treat (ITT) population
consisted of all patients where an attempt was made to implant
1 or more stents; this population was used for the primary
effectiveness analyses (responder effectiveness endpoint, IOP
change from baseline endpoint) and the associated sensitivity
analyses. The responder endpoint was summarized using
frequency counts and percentages, and the IOP change from
baseline endpoint was summarized using mean, SD, median,
and range. Both endpoints utilized multiple imputation
methodology for missing 12-month data and presented 2-sided
95% CIs (about the proportion of responders and the mean
IOP change from baseline). For both effectiveness endpoints,
the sensitivity analyses imputed missing 12-month data using:
worst postoperative IOP and last available medication classes,
assumption of treatment failure, and exclusion from cohort.
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Second, the outcomes were assessed in the per protocol
population, defined as the subset of the ITT population that
excludes those patients without the month 12 examination
and patients with a major protocol deviation expected to
impact the effectiveness endpoints. Third, safety parameters
were assessed in the safety population, which was defined as
patients implanted with at least 1 stent.

Sample Size Calculation
Sample size was determined in accordance with the ANSI

Z80.27-2014 and the FDA Guidance Document entitled
“Aqueous Shunts—510(k) Submissions,” issued November 16,
1998, which recommended inclusion of a minimum of 50
evaluable investigational device patients at 12 months.

RESULTS

Trial Population and Accountability
A total of 72 patients were enrolled from 15 sites in this

trial. All patients were implanted with the iStent infinite
System and received 3 stents. At the 12-month postoperative
visit, 71 patients were available for analysis (1 patient had

died because of respiratory failure before the month 12
visit). As noted previously, outcomes were analyzed
according to the 3 separate population cohorts. The ITT
population included 72 patients (100%). The per protocol
population consisted of 69 patients, as 1 patient died
because of respiratory failure before month 12, and 2 major
protocol deviations were reported (glaucoma secondary to
elevated episcleral venous pressure in 1 patient, and
impaired visualization due to arcus senilis, corneal striae,
and external marker location-dye during surgery in another
patient). The safety population consisted of 72 patients
(100%) and matched the ITT population (n= 72, 100%), as
all patients received 3 stents in this trial.

Demographics and Preoperative Ocular
Characteristics

Demographics and preoperative characteristics are
provided in Tables 1 and 2, respectively. There were 6
phakic and 66 pseudophakic eyes enrolled. Patients had a
mean IOP-lowering medication burden of 3.1 medications, a
mean of 2.3 prior glaucoma surgeries, and average visual
field mean deviation (VF MD) of −14.4 dB. Mild,
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FIGURE 1. A, iStent infinite Stent (iStent inject W model). B, iStent infinite Stent dimensions. C, iStent infinite injector distal end. D, iStent
infinite injector design. Figure 1 can be viewed in color online at www.glaucomajournal.com.
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moderate, and severe patients were enrolled in the trial,
representing a range of baseline disease severity: 31 patients
(43.1%) had VF MD of −12–0 dB, 16 patients (22.2%) had
VF MD of −20 to >−12 dB, and 25 patients (34.7%) had
VF MD scores worse than −20 dB, including 5 subjects with
visual fields unable to be measured because of severity of
glaucomatous damage (Table 2).

A high percentage of patients (61/72 or 84.7%) had
failed 1 or more incisional glaucoma surgeries or cilioa-
blative procedures. At the time of trial enrollment, these
patients had undergone a collective total of 169 glaucoma
procedures, predominantly trabeculectomy procedures
(n= 43), SLT (n= 44), XEN stent procedures (n= 15), tube
shunt procedures (n= 14), bleb revisions (n= 18), and
endocyclophotocoagulation (n= 6). The remaining patients
(11/72 or 15.3%) were on MTMT.

Effectiveness

Responder Effectiveness Endpoint
In the overall trial population (n= 72), the proportion

of patients with ≥ 20% reduction in MDIOP at month 12
versus baseline on the same or fewer IOP-lowering medi-
cation classes as baseline was 76.1% (95% CI, 66.2%,
86.1%) (Fig. 2). In the failed-surgery subgroup, this pro-
portion was 73.4% (95% CI, 62.2%, 84.6%); and in the
MTMT subgroup, this proportion was 90.9% (95% CI,
73.9%, 100.0%).

In the failed-surgery subgroup (n= 61), the majority of
patients (44) were responders; there were a total of 17
nonresponders. The primary reasons for nonresponse were
month 12 MDIOP <20% reduction from baseline (n= 12),
on more IOP-lowering medication classes at 12 months
versus baseline (n= 2), and SSI affecting IOP (n= 2). In
addition, 1 patient had missing 12-month MDIOP data

because of death. In the MTMT subgroup (n= 11), 10
patients were responders. One patient was a nonresponder
as MDIOP reduction was <20% at month 12 versus baseline
(MDIOP was 20.3 mm Hg on 5 medications at baseline, and
19.3 mm Hg on 5 medications at month 12).

TABLE 1. Preoperative Demographics: Overall Trial Population,
Failed-Surgery Subgroup, MTMT Subgroup*

Parameter

Overall Trial
Population
N= 72

Failed-Surgery
Subgroup
N= 61

MTMT
Subgroup
N= 11

Age (y)
Mean (SD) 71.9 (8.42) 71.7 (8.14) 72.9 (10.19)
Median

(range)
72.0 (49–89) 71.0 (49–88) 75.0 (54–89)

Sex, n (%)
Male 35 (48.6) 28 (45.9) 7 (63.6)
Female 37 (51.4) 33 (54.1) 4 (36.4)

Race, n (%)
White 45 (62.5) 37 (60.7) 8 (72.7)
Black 15 (20.8) 15 (24.6) 0 (0.0)
Asian 9 (12.5) 6 (9.8) 3 (27.3)
Not reported 3 (4.2) 3 (4.9) 0 (0.0)

Ethnicity, n (%)
Hispanic or

Latino
13 (18.1) 11 (18.0) 2 (18.2)

Not Hispanic
or Latino

59 (81.9) 50 (82.0) 9 (81.8)

Study eye, n (%)
Oculus dextra

(right eye)
38 (52.8) 35 (57.4) 3 (27.3)

Oculus sinistra
(left eye)

34 (47.2) 26 (42.6) 8 (72.7)

*Data from Intent-to-Treat population for all groups.
MTMT indicates maximum tolerated medical therapy.

TABLE 2. Preoperative Ocular Characteristics: Overall Trial
Population, Failed-Surgery Subgroup, MTMT Subgroup*

Parameter

Overall
Trial

Population
N= 72

Failed-
Surgery
Subgroup
N= 61

MTMT
Subgroup
N= 11

Visual field mean deviation (MD) at screening (dB)
Mean −14.44 −15.10 −10.67
SD 8.64 8.56 8.56

Visual field MD at screening†, n (%)
VF MD −12 to 0 dB 31 (43.1) 24 (39.3) 7 (63.6)
VF MD −20 to worse

than −12 dB
16 (22.2) 15 (24.6) 1 (9.1)

VF MD worse than
−20 dB

25 (34.7) 18 (29.5) 2 (18.2)

Shaffer angle grade at screening, n (%)
III (≥ 25 and <35) 24 (33.3) 21 (34.4) 3 (27.3)
IV (≥ 35) 48 (66.7) 40 (65.6) 8 (72.7)

Glaucoma treatment history at screening, n (%)
Primary open angle

glaucoma
55 (76.4) 55 (90.2) 10 (90.9)

Pseudoexfoliative
glaucoma

3 (4.2) 3 (4.9) 0 (0.0)

Pigmentary glaucoma 3 (4.2) 3 (4.9) 0 (0.0)
Glaucoma secondary

to elevated
episcleral venous
pressure

1 (1.4) 0 1 (9.1)

Lens status, n (%)
Phakic 6 (8.3) 3 (4.9) 3 (27.3)
Pseudophakic 66 (91.7) 58 (95.1) 8 (72.7)

Diurnal medicated IOP at baseline (mm Hg)
Mean (SD) 23.4 (2.8) 23.5 (2.8) 22.8 (2.6)
Range 20–35 20–35 20–29

No. ocular hypotensive medication classes at baseline, n (%)
1–2 19 (26.4) 19 (31.1) 0 (0.0)
3 26 (36.1) 26 (42.6) 0 (0.0)
≥ 4 27 (37.5) 16 (26.2) 11 (100.0)
Mean (SD) 3.1 (0.9) 3.0 (0.9) 4.1 (0.3)

Ocular hypotensive medication class at baseline, n (%)
Alpha agonist 40 (55.6) 30 (49.2) 10 (90.9)
Beta blocker 59 (81.9) 49 (80.3) 11 (100.0)
Carbonic anhydrase

inhibitor
53 (73.6) 43 (70.5) 11 (100.0)

Carbonic anhydrase
inhibitor (oral)

3 (4.2) 3 (4.9) 0 (0.0)

Prostaglandin
analogue

62 (86.1) 50 (82.0) 11 (100.0)

Rho kinase inhibitor 6 (8.3) 5 (8.2) 2 (18.2)
Miotics 1 (1.4) 1 (1.6) 0 (0.0)

BSCVA at baseline, n (%)
20/20 or better 15 (20.8) 13 (21.3) 2 (18.2)
20/25 or better 31 (43.1) 25 (41.0) 6 (54.5)
20/32 or better 43 (59.7) 37 (60.7) 6 (54.5)
20/40 or better 55 (76.4) 46 (75.4) 9 (81.8)
Worse than 20/40 17 (23.6) 15 (24.6) 2 (18.2)

Oral medications count as 1 medication. Combination medications count
as 2 medications. For medication class, subjects are counted once for each
class of medication taken.

*Data from intent-to-treat population for all groups.
†There were 5 subjects with visual fields not measured at screening (not

required if BSCVA 20/100 or worse).
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The sensitivity analyses involving the responder effec-
tiveness endpoint showed similar outcomes. Regardless of
the analysis population or imputation method, the pro-
portion of patients with ≥ 20% reduction in MDIOP at
month 12 versus baseline on the same or fewer IOP-lowering
medication classes as baseline ranged from 75.0% to 76.8%
in the overall trial population, 72.1% to 73.4% in the failed-
surgery subgroup, and 90.9% to 100% in the MTMT sub-
group. Subgroup analyses of the effect of lens status (phakic
vs. pseudophakic) showed the outcomes to be poolable and
supported effectiveness of the iStent infinite treatment
regardless of lens status.

IOP Change From Baseline Endpoint
In the overall trial population (n= 72), the mean

reduction in MDIOP from baseline at 12 months was
5.9 mm Hg (SE: 0.6, 95% CI, 4.8, 7.1) (Fig. 3). The mean
reduction in MDIOP from baseline at 12 months was
5.5 mm Hg (SE: 0.7, 95% CI, 4.2, 6.9) in the failed-surgery
subgroup and 8.1 mm Hg (SE 0.9, 95% CI, 6.0, 10.1) in the
MTMT subgroup. The sensitivity analyses involving the
IOP change from baseline endpoint produced similar
outcomes. Regardless of the analysis population or
imputation method, the mean reduction in MDIOP from
baseline at 12 months was either 5.9 or 6.0 mm Hg in the
overall trial population, 5.5 or 5.6 mm Hg in the failed-
surgery subgroup, and 8.8 or 8.1 mm Hg in the MTMT
subgroup, underscoring the strength of this effectiveness
endpoint.

In addition to the aforementioned formal trial end-
points, 2 additional responder analyses were carried out: the
proportion of eyes on the same or fewer medication classes
with month 12 MDIOP reduction of ≥ 20%, ≥ 30%, and
≥ 40% is shown in Figure 4A; and the proportion of eyes on
the same or fewer medication classes and with month 12
MDIOP of ≥ 6 and ≤ 21, ≤ 18, and ≤ 15 mm Hg is shown

in Figure 4B. In the overall trial population, 53.0% (n= 35)
achieved MDIOP reduction ≥ 30%, and 74.2% (n= 49)
achieved M12 MDIOP of ≤ 18 mm Hg.

Medications
The vast majority of patients (93.0%) in the overall trial

population with month 12 data reduced (n= 31) or maintained
(n= 35) their medication burden; only 5 patients (all in failed-
surgery subgroup) increased medication burden. The mean
number of medications reduced from 3.10±0.89 medications
at baseline to 2.70±1.03 medications at 12 months
postoperative.

For the failed-surgery subgroup, 55/60 eyes (91.7%)
used the same or fewer number of IOP-lowering medication
classes at 12 months than at baseline. Specifically, 26 eyes
(43.3%) used fewer, 29 eyes (48.3%) used the same, and 5
eyes (8.3%) used more medication classes than at baseline.
For the MTMT subgroup, 5 eyes (45.5%) used fewer med-
ication classes at 12 months than at baseline, and 6 eyes
(54.5%) used the same number of medication classes as
baseline.

FIGURE 2. Responder effectiveness endpoint: proportion of res-
ponders at month 12. Data from intent-to-treat population in all
groups. Multiple imputation was used for 1 patient with missing
data at month 12. Responders: patients with ≥20% reduction in
mean diurnal intraocular pressure at month 12 versus baseline on
the same or fewer ocular hypotensive medication classes as base-
line were responders; Nonresponders: patients with (1) hypotony
(intraocular pressure <6 mm Hg) associated with clinically sig-
nificant findings, (2) loss of light perception, (3) intraocular pres-
sure -related SSIs, (4) cyclodialysis cleft, and/or (5) no stents visible
were treated as nonresponders. Vertical lines represent 95% CI.
MTMT indicates maximum tolerated medical therapy. Figure 2 can
be viewed in color online at www.glaucomajournal.com.

FIGURE 3. IOP change from baseline effectiveness endpoint:
12-month diurnal IOP change from baseline. Data from intent-
to-treat population in all groups. Multiple imputation was used for
1 patient with missing data at month 12. Vertical lines represent
95% CI. The following imputation methods were used for the
12-month mean diurnal intraocular pressure: (1) For patients with
hypotony associated with clinically significant findings, cyclo-
dialysis cleft, and/or no stents visible, the worst postoperative IOP
on the same or greater number of OHT medication classes as
baseline was used. If a patient was on fewer OHT medication
classes than baseline, then the baseline IOP was used. (2) For
patients with loss of light perception, the observed 12-month
MDIOP was used. (3) For patients with IOP-related secondary
surgical interventions, the worst postoperative IOP before sec-
ondary surgical intervention on the same or greater number of
OHT medication classes as baseline was used. If a patient was on
fewer OHT medication classes than baseline, then the baseline
IOP was used. (4) For patients on more OHT medication classes
than at baseline, the worst postoperative IOP on the same or
greater number of OHT medication classes as baseline was used.
IOP indicates intraocular pressure; MTMT, maximum tolerated
medical therapy; OHT, ocular hypotensive. Figure 3 can be
viewed in color online at www.glaucomajournal.com.
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Safety

Intraoperative Ocular AEs
All 72 eyes (100%) in the trial were successfully

implanted with 3 iStent infinite stents, with no failed
implantation attempts. No intraoperative AEs were
reported. In most procedures, a single injector was used
(93.1%); a second injector was required in 5 eyes (6.9%). In
all cases, there was a backup injector available in the event a
second injector was needed to complete implantation of 3
stents.

Postoperative Ocular AEs and Secondary Surgeries
Over half (52.8%; n= 38) of patients did not experience

any postoperative study eye AEs. There were no unantici-
pated adverse device effects and no serious ocular AEs. No
corneal decompensation, choroidal effusion, choroidal
hemorrhage, hypotony maculopathy, deep stents (“buried”
in the trabecular meshwork) that were not visible at the last
3 scheduled visits of the trial, stent explantation, stent dis-
location, or stent repositioning were reported. The vast
majority of patients (93%) maintained their preoperative
BSCVA or had a decrease of <2 lines at month 12. None of
the 5 cases of ≥ 2-line BSCVA decrease at month 12 were
considered device related; all were considered related to
their preexisting ocular disease mainly associated with
severe preoperative visual field abnormalities, complicated
glaucoma management history, glaucoma progression, and/
or postoperative sequelae unrelated to the iStent infinite
implants. A list of the most common AEs (occurring at
≥ 2%) and associated percentages are provided in Table 3.

In addition to the AEs described above, events that
occurred at a rate of <2% included 1 case each of age-related
macular degeneration, conjunctival erosion due to tube shunt,
conjunctivitis, disc hemorrhage, hypotony (IOP <6 mm Hg)
associated with clinically significant findings that occurred
1 day after tube shunt surgery in the postoperative period,
intraocular inflammation arising after the protocol’s specified
medication regimen was complete, loss of BSCVA of 2 lines
or more ≤ 30 days postoperative, ocular pain, posterior

vitreous detachment, stye, subconjunctival hemorrhage, and
transient hypotony.

No serious device-related AEs were recorded. Device-
related AEs that were considered nonserious (n= 13 events
in 9 eyes) were largely transient in nature and without long-
term clinical sequelae. The events included 14 postoperative
AEs consisting of the following: IOP increase requiring oral
medication within 1 week postoperative (n= 1), transient
BSCVA loss of ≥ 2 lines within 30 days (n= 1), perioper-
ative inflammation at 1 day postoperative (n= 5), significant
hyphema at 1 day postoperative (n= 3), stent migration
(n= 2 events in 1 eye), and stent obstruction (n= 2). Of the
13 reported device-related AEs, 8 AEs involved 8 eyes, and
5 AEs involved 1 eye that experienced significant hyphema,
ocular inflammation, and IOP increase requiring oral med-
ication within 3 days postoperative, followed by transient
BSCVA loss within 30 days and stent obstruction. Hyphema
is a recognized postoperative finding after angle surgery
with retrograde blood flow through collector channels. In
eyes with prior surgery, there may be greater risk of bleed-
ing. With the exception of 1 case of stent obstruction (not
treated), device-related postoperative AEs resolved com-
pletely. A total of 3 eyes underwent SSI (tube shunt surgery);
all 3 were because of AEs that were not device related. No
other SSIs were performed. Of the 6 phakic eyes, none had
progressive cataracts and no cataract surgery was required.
Additional safety findings included 8 eyes treated with
topical steroids postoperatively to supplement topical non-
steroidal anti-inflammatory drugs.

DISCUSSION
In this 12-month prospective multicenter pivotal trial

for the iStent infinite Trabecular Micro-Bypass System,
76.1% of patients met the responder endpoint, with sig-
nificant MDIOP reduction of nearly 6 mm Hg from base-
line. In the MTMT subgroup in particular, 90.9% of
patients met the responder endpoint and MDIOP reduced
by 8.1 mm Hg. Safety parameters were favorable and
notably did not include any of the short-term and long-term

FIGURE 4. A, Distribution of 12-month diurnal intraocular pressure (IOP) percent change categories. Data from intent-to-treat pop-
ulation in all groups. B, Distribution of diurnal IOP categories at month 12. Data from intent-to-treat population in all groups. MDIOP was
≥6 mm Hg for all IOP categories. N=number of patients with month 12 diurnal IOP; %=100 × (n ÷ N); not reported = number of
available patients without month 12 diurnal IOP and with no IOP-related secondary surgical interventions or other events. Other events
include hypotony (IOP <6 mm Hg) associated with clinically significant findings, loss of light perception, cyclodialysis cleft, and/or no
stents visible. MDIOP indicates mean diurnal intraocular pressure; MTMT, maximum tolerated medical therapy. Figure 4 can be viewed in
color online at www.glaucomajournal.com.
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complications frequently seen with filtration surgeries or
cilioablative procedures, such as bleb-related complications,
endophthalmitis, hypotony maculopathy, persistent corneal
edema or decompensation, flat anterior chamber, significant
inflammation, or choroidal effusion or hemorrhage.13 Out-
comes were achieved in eyes with OAG that had failed prior
surgery and/or MTMT, and for whom such higher-risk,
bleb-forming, or tissue-destructive procedures often would
have been the next step. In contrast to the lifelong risks of
these filtering/cilioablative procedures, the ab interno
implantation of iStent trabecular micro-bypass technology is
conjunctival-sparing and by design does not jeopardize the
success or increase the complexity of future filtering surgery.

Effectiveness outcomes were highly favorable in this
trial. The majority of patients (76.1%) implanted with iStent
infinite met the responder endpoint of MDIOP reduction
≥ 20% without the use of additional medication or secon-
dary surgical procedures. Over half of patients (53.0%) had
≥ 30% MDIOP reduction from baseline and 21.2% had
≥ 40% reduction. These rates are particularly noteworthy
considering the challenges of successful IOP reduction and
limited long-term control of glaucoma after repeat filtration
surgery.47 From the baseline visit to the 12-month visit, a
clinically important mean reduction in MDIOP of
5.9 mm Hg was achieved. At month 12, 74.2% of patients
had MDIOP ≤ 18 mm Hg on the same or fewer medication

classes, a threshold of particular clinical interest since the
subgroup of eyes in the Advanced Glaucoma Intervention
Study observed to have IOP <18 mm Hg at all visits had
little to no mean change in visual field score.48 Furthermore,
excellent patient retention and high trial completion rate
(98.6% at 12 months) enabled high consistency of outcomes
across analysis populations and imputation methods,
underscoring the veracity of the findings.

Alongside effectiveness, the safety profile also was
highly favorable. There were no unanticipated adverse
device effects nor serious AEs. Consistent with the iStent
inject pivotal trial data, AEs specifically related to the iStent
infinite were largely transient in nature, mild to moderate in
severity, and without long-term clinical sequelae. No eyes
necessitated a procedure to reposition or explant the stents
during follow-up. Although the majority of patients had
failed a prior filtration or cilioablative surgery and likely
would have needed additional invasive procedures in the
near future, only 3 eyes (4.2%) required such surgery. The
nature and number of these AEs and secondary glaucoma
surgeries were not unexpected given this patient pop-
ulation’s prior history of failed treatment(s). Furthermore,
visual acuity outcomes remained stable throughout the trial,
with no device-related cases of confirmed ≥ 2-line BSCVA
loss. Lens injury with subsequent cataract development is
unlikely with maintenance of the anterior chamber

TABLE 3. Postoperative Ocular Adverse Events Occurring at 2% or Greater in the Study Eye, Overall Trial Population, Failed-Surgery
Subgroup, MTMT Subgroup*

Overall Trial Population
N= 72

Failed-Surgery Subgroup
N= 61

MTMT Subgroup
N= 11

Adverse Event† No. Subjects (%) No. Subjects (%) No. Subjects (%)

Age-related macular degeneration 1 (1.4) 0 (0.0) 1 (9.1)
Blepharitis 3 (4.2) 3 (4.9) 0 (0.0)
Hyperemia 2 (2.8) 2 (3.3) 0 (0.0)
IOP increase ≥ 10 mm Hg vs. baseline IOP at

≥month 1
2 (2.8) 2 (3.3) 0 (0.0)

IOP increase requiring oral medication 2 (2.8) 2 (3.3) 0 (0.0)
at >day 1 to ≤week 1 1 (1.4) 1 (1.6) 0 (0.0)
at ≥ month 1 1 (1.4) 1 (1.6) 0 (0.0)

IOP increase requiring surgical intervention 3 (4.2) 3 (4.9) 0 (0.0)
at >week 1 to <month 1 1 (1.4) 1 (1.6) 0 (0.0)
at ≥month 1 2 (2.8) 2 (3.3) 0 (0.0)

Intraocular inflammation after tube shunt surgery 2 (2.8) 2 (3.3) 0 (0.0)
Loss of best spectacle corrected visual acuity

(BSCVA) of 2 lines or more at > 30 d‡
6 (8.3) 6 (9.8) 0 (0.0)

Macular edema 2 (2.8) 2 (3.3) 0 (0.0)
Ocular hypotensive medication intolerance 3 (4.2) 3 (4.9) 0 (0.0)
Ocular surface disease 7 (9.7) 7 (11.5) 0 (0.0)
Perioperative inflammation 5 (6.9) 4 (6.6) 1 (9.1)
Significant hyphema (ie, ≥ 10% of anterior chamber) 3 (4.2) 2 (3.3) 1 (9.1)
Stent migration§ 2 (2.8) 2 (3.3) 0 (0.0)
Stent obstruction∥ 2 (2.8) 2 (3.3) 0 (0.0)
Visual field loss ≥ 2.5 dB 5 (6.9) 4 (6.6) 1 (9.1)

*Data from safety population for all groups.
†In addition to the adverse events reported in Table 3, events that occurred at a rate of <2% included 1 case (1.4%) each of conjunctival erosion due to tube

shunt, conjunctivitis, disc hemorrhage, hypotony (IOP <6 mm Hg) associated with clinically significant findings that occurred 1 day after tube shunt surgery,
intraocular inflammation arising after the protocol’s specified medication regimen is complete, loss of BSCVA of 2 lines or more ≤ 30 days postoperative, ocular
pain, posterior vitreous detachment, stye, subconjunctival hemorrhage, and transient hypotony.

‡Five AEs of BSCVA loss of 2 lines or more were ongoing at month 12.
§One subject was reported with 2 events of stent migration. The PI acknowledged that the visualization was impaired during implantation of the 1:00 and 4:30

stents due to corneal arcus, striae, and external location-marking dye. The stent reported as implanted at 1:00 was identified in the 1:00 position via UBM
(“imbedded deep beyond iris insertion”), and the stent reported as implanted at 4:30 was identified in the 7:30 position via both gonioscopy and UBM.

∥The 2 AEs of stent obstruction involved complete obstruction of 2 stents each. The investigators reported associated findings of significant hyphema in 1
case and preexisting and postoperative focal goniosynechiae in both cases. One case of stent obstruction resolved after treatment with pilocarpine, and 1 case was
not treated and was ongoing at month 12. Both subjects experienced month 12 MDIOP reduction on the same medication regimen as preoperative.
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with viscoelastic and precise microstent delivery under
gonioscopic guidance.

The study was designed to demonstrate the ability of
the iStent infinite to lower IOP in a difficult-to-treat pop-
ulation. As such, the study endpoint was in accord with
FDA guidance and with the protocol definition of a
reduction in IOP of at least 20% and not based on stable
visual field outcomes. The study met the treatment target as
established by FDA and the protocol with regard to the
ability to lower IOP, despite the patients entering the study
on a mean of 3.1 medications and a mean of 2 prior failed
glaucoma procedures.

In many trials, a ≥ 20% IOP reduction below baseline
has been agreed upon as a target for the study population.
However, it is always at the surgeon’s discretion to decide
whether that is adequate for each patient and, if not, then
suggest a more aggressive IOP reduction.

This favorable risk-benefit profile of trabecular bypass
procedure was corroborated in a recent comparative study of
2–3 trabecular bypass stents versus trabeculectomy, which
showed substantial reductions in IOP and medications for
both procedures, but significantly higher percentage of safety-
adjusted treatment success in the trabecular micro-bypass
versus trabeculectomy group.16

The iStent infinite also has a favorable microscopic
size-versus-outflow ratio, with 3 stents occupying ~3% of the
trabecular meshwork angle but designed to enable up to 240
degrees of aqueous outflow with minimal tissue disruption.46

Despite this microscale tissue footprint, each stent can sus-
tain outflow equal to the entire rate of aqueous humor
production by the human body.35,36 Furthermore, the
incremental benefits of additional stents (eg, 3 vs. 2 vs. 1
stent), such as additional IOP reduction and reduced med-
ication burden, have been validated in both preclinical and
clinical studies, with favorable safety in all treatment
groups.16,33–39

The trial was not without limitations. This was a single-
arm, open-label trial, consistent with FDA standards for a
510(k) device registration submission. Although the follow-up
period of 12 months is of relatively short duration, the iStent
infinite has the same mechanism of action and treatment
approach as the first-generation iStent and second-generation
iStent inject devices, which have shown consistent durability
in maintaining IOP and medication reductions for up to
8 years postoperative.16–18,20–32,37–39 Hence, long-term studies
with iStent infinite would be expected to demonstrate sim-
ilarly consistent effectiveness and safety over time. No med-
ication washout was done, as this might have placed the
enrolled glaucoma patients at undue risk for optic nerve
damage. However, this trial design is consistent in this regard
with similar studies on patients at high risk for glaucoma
progression.

The findings in this prospective pivotal trial support
the addition of the iStent infinite Trabecular Micro-Bypass
System to the ophthalmologist’s treatment algorithm as a
stand-alone procedure for medically or surgically uncon-
trolled OAG patients. These patients traditionally have
been managed with more invasive alternatives that carry
lifelong risks. An effective surgical option that reduces
IOP and/or medication dependence and is relatively low
risk, bleb-free, does not require permanent tissue destruc-
tion, and does not preclude other later interventions is
highly desirable. The data in this trial demonstrate that
iStent infinite can successfully and safely fill this important
clinical need.
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