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ABSTRACT

Introduction: The aim of this study was to
assess 36-month outcomes after cataract
surgery and implantation of two second-gener-
ation trabecular micro-bypass stents (iStent in-
ject, Glaukos Corporation, San Clemente, CA,
USA) into eyes with predominantly primary
open-angle glaucoma (POAG) or pseudoexfo-
liative glaucoma (PEX).
Methods: This prospective, non-randomized,
consecutive cohort study included eyes with
POAG (n = 60), PEX (n = 15), appositional nar-
row-angle (n = 4), pigmentary (n = 1), or neo-
vascular (secondary) (n = 1) glaucoma and
cataract requiring surgery. All eyes (n = 81)
underwent ab interno iStent inject implantation
following cataract surgery. Effectiveness end-
points through 36 months included intraocular
pressure (IOP), number of medications, and
proportion of eyes with C 20% IOP reduction,
IOP B 18 mmHg, and IOP B 15 mmHg. Safety
measures included corrected distance visual

acuity (CDVA), adverse events, and secondary
surgeries. Outcomes were evaluated for the
overall cohort, and for the POAG and PEX
subgroups.
Results: Preoperatively, 32.1% of eyes had
undergone prior glaucoma surgery, 56% were
on 3–4 medications, and 1 eye (1%) was medi-
cation-free. At 36 months postoperatively,
mean IOP reduced by 37% (14.3 ± 1.7 mmHg
versus 22.6 ± 6.2 mmHg preoperatively), and
mean medication burden decreased by 68%
(0.8 ± 0.9 versus 2.5 ± 1.1 medications preop-
eratively). IOP reduced by C 20% in 78% of
eyes; 100% of eyes reached IOP B 18 mmHg
and 71% reached B 15 mmHg. Medication
burden reduced considerably: 22 eyes (54%)
were medication-free compared to 1 eye (1%)
preoperatively; 1 eye (2%) required C 3 medi-
cations compared to 45 eyes (56%) preopera-
tively; and 92.7% of eyes required reduced
medications postoperatively. From 3 through
36 months, mean IOP remained B 15.0 mmHg,
and mean number of medications remained
B 0.9. Outcomes in the POAG and PEX sub-
groups included 33% and 32% lower IOP, and
68% and 64% fewer medications, respectively.
iStent inject showed a favorable safety profile,
including no intraoperative complications,
minimal adverse events, and a stable CDVA.
Conclusion: This real-world cohort of eyes with
various types of glaucoma and considerable
disease burden exhibited durable and safe IOP
and medication reductions through 36 months
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following iStent inject implantation with catar-
act surgery. Outcomes were similarly beneficial
in eyes with POAG and PEX.
Funding: Article processing charges were fun-
ded by Glaukos Corporation (San Clemente,
CA, USA).
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INTRODUCTION

Although filtering surgeries such as tube shunt
implantation and trabeculectomy are the pro-
cedures most broadly utilized for glaucoma
worldwide, the possibility of long-term com-
plications remains a valid concern for both
patients and physicians [1]. Since life expec-
tancy and glaucoma prevalence are increasing
in the US and globally [2, 3], and the cumula-
tive risk of many complications increases over
time, any given complication introduces its
own years- or decades-long risk profile. For
patients needing a dramatic reduction in
intraocular pressure (IOP), these risks may be
appropriate and necessary. However, for
patients in earlier stages of the disease, and
often even for patients with moderate and sev-
ere disease, a lower-risk trabecular microinva-
sive glaucoma surgery (MIGS) may offer
sufficient and substantial reductions in IOP and
medication burden while also maintaining
consistent safety (and hence a desirable bene-
fit–risk profile) over the long term [4].

Available MIGS treatment options have
expanded greatly since the first MIGS device
was introduced, the iStent� trabecular micro-
bypass (Glaukos Corporation, San Clemente,
CA, USA; FDA 2012; CE 2004). This stent is
implanted ab interno with or without cataract
surgery in accordance with the relevant coun-
try’s approved indication. A significant body of
evidence has shown meaningful long-term IOP
and medication reductions after implanting one
or multiple iStent devices, with excellent safety
[5–22]. More recent years have seen the devel-
opment and increasing surgical use of the

second-generation iStent� inject trabecular
micro-bypass (Glaukos; FDA 2018; CE 2010),
which includes two trabecular stents implanted
ab interno through the trabecular meshwork
into Schlemm’s canal in order to increase
aqueous outflow and decrease IOP. A growing
body of research has documented iStent inject
performance and safety for mild to moderate
OAG. The majority of these studies have eval-
uated stent implantation as a standalone pro-
cedure [23–27], while a smaller number of
studies have assessed implantation combined
with phacoemulsification [28–33]. In both set-
tings, IOP and medication burden have shown
clinically meaningful reductions and long-term
durability, and the stent has presented favorable
long-term safety.

The current report presents a single surgeon’s
experience of the 36 months following the
implantation of two second-generation trabec-
ular micro-bypass stents in eyes with various
glaucoma diagnoses and a considerable preop-
erative medication and surgical burden. Safety
and effectiveness outcomes are reported for the
overall cohort and for the primary open-angle
glaucoma (POAG) and pseudoexfoliative glau-
coma (PEX) subgroups. As such, this report aims
to provide practical, clinically relevant infor-
mation for patients and surgeons who are
deciding upon treatment for glaucoma.

METHODS

Study Design

This was a prospective, non-randomized, con-
secutive case series of eyes with various types of
glaucoma and cataract that underwent implan-
tation of two second-generation trabecular
micro-bypass stents (Fig. 1) with cataract sur-
gery. All surgeries were completed by a single
surgeon (F.H.) over a 36-month period at an
academic ophthalmology center in Heidelberg,
Germany. Subjects were required to have glau-
coma (including POAG, appositional narrow-
angle glaucoma [NAG, defined as a Shaffer grade
of 2, with an open angle in the area of stent
implantation], PEX, PG, or neovascular [sec-
ondary] glaucoma), and to be eligible for stent-
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cataract surgery. Additional inclusion criteria
consisted of glaucoma progression despite sus-
tained topical antiglaucomatous therapy.
Patients were excluded if they had active
intraocular inflammation, corneal opacities
preventing gonioscopic viewing, angle closure,
or any condition precluding safe concomitant
cataract surgery. Additional exclusion criteria
consisted of pregnancy, age under 18 years, and
congenital glaucoma.

Preoperative and postoperative effectiveness
evaluations included IOP (3 measurements per
time point, measured by Goldmann applana-
tion) and topical ocular hypotensive medica-
tions. Baseline IOP was determined by IOP
readings at two or more preoperative visits.
Safety analyses included CDVA, intraoperative
complications, postoperative adverse events,
and secondary surgical interventions. All pro-
cedures performed were in accordance with the
ethical standards of the institutional and/or
national research committee (the institutional
review board [IRB] of the University of Heidel-
berg), and with the 1964 Helsinki Declaration
and its later amendments or comparable ethical
standards. Informed consent was obtained from
all individual participants included in the
study. Patients have already been followed for
36 months postoperatively, and follow-up is
ongoing.

Stent Description, Surgical Technique,
and Perioperative Medication

iStent inject implantation was completed fol-
lowing standard phacoemulsification and
intraocular lens (IOL) implantation. As descri-
bed previously [23–31], the iStent inject
implantation technique may be summarized as

follows: after pupillary miosis with a cholinergic
agent (carbachol), the anterior chamber is filled
with a medium-viscosity ocular viscosurgical
device (OVD) and the surgeon then guides a
single-use stainless steel injector through a
temporal clear corneal incision in order to
deliver two pre-loaded titanium stents ab
interno into the nasal Schlemm’s canal
approximately two clock-hours apart. Each
heparin-coated 360 lm 9 230 lm stent has
multiple lateral outlet lumens for fluid outflow
and a symmetric design facilitating implanta-
tion in either the right or the left eye (Fig. 1).
The stents are designed to decrease IOP by
increasing trabecular outflow from the anterior
chamber to Schlemm’s canal. After surgery,
patients received 1 week of topical antibiotic
(ciprofloxacin; Floxal�, Bausch & Lomb, Berlin,
Germany) and 4 weeks of topical anti-inflam-
matory medication (dexamethasone, Bausch &
Lomb, Berlin, Germany).

Data Analyses

Data analyses for the set of 81 eyes included
mean IOP and number of medications used
preoperatively and through 36 months postop-
eratively. Proportional analyses preoperatively
and at 36 months included percentages of eyes
with C 20% IOP reduction, IOP B 18 mmHg,
and IOP B 15 mmHg; proportion of eyes on 3–4
medications or 0–1 medication; and proportion
of eyes achieving a reduction in the number of
medications at month 36 versus the preopera-
tive regimen. Outcomes were analyzed for the
overall cohort and for the POAG and PEX sub-
groups. In order to prevent inaccurate conclu-
sions due to small sample size, subgroup
analyses were performed at 12 months, when

Fig. 1 iStent� inject stents and the iStent� inject trabecular micro-bypass stent system
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more patients had completed the follow-up (vs.
at 36 months).

RESULTS

Subject Accountability, Demographics,
and Preoperative Parameters

This cohort included a total of 81 eyes in 55
consecutive patients with POAG (n = 60 eyes),
PEX (n = 15 eyes), appositional NAG (n = 4
eyes), pigmentary glaucoma (n = 1 eye), or
neovascular (secondary) glaucoma (n = 1 eye)
that underwent second-generation trabecular
micro-bypass implantation in the setting of
cataract surgery (Table 1). All subjects were
Caucasian. At baseline, 32.1% of the eyes had
undergone prior glaucoma surgery, 56% were

on 3-4 preoperative medications, and 1 eye (1%)
was medication-free. Mean preoperative IOP
was 22.6 ± 6.2 mmHg and mean medication
burden was 2.5 ± 1.1 medications.

In the subgroup of eyes with POAG (n = 60),
preoperative parameters were generally similar
to the overall cohort, with a mean preoperative
IOP of 21.92 mmHg and a mean medication
burden of 2.35 medications. In comparison,
eyes with PEX (n = 15) had a higher mean pre-
operative IOP (23.3 mmHg) and a higher mean
medication burden (2.8 medications).

Intraocular Pressure and Medication Use

In all eyes that were followed-up for 36 months
(n = 41), mean IOP decreased to
14.3 ± 1.7 mmHg versus 22.6 ± 6.2 mmHg
preoperatively (37% reduction; Fig. 2), and

Table 1 Demographics and preoperative characteristics (n = 81 eyes of 55 patients)

Mean – SD iStent inject 1 phaco (81 eyes/55 patients)

Gender 45 males/36 females

Age 72.7 ± 7.5 yrs

(Range) (54–86)

Race 100% Caucasian

C:D ratio 0.7 ± 0.1

VF MD (dB) - 8.2 ± 6.6 dB

Type of glaucoma, n (%)

POAG 60 (74%)

PEX 15 (19%)

Appositional narrow-anglea 4 (5%)

Pigmentary 1 (1%)

Neovascular (secondary to CRVO) 1 (1%)

Preoperative medicated IOP 22.6 ± 6.2 mmHg

Mean # medications 2.5 ± 1.1

Eyes with prior glaucoma surgery, n (%) 26 (32.1%)

Eyes on 3–4 preoperative medications (%) 56%

SD standard deviation, C:D cup-to-disc, VF MD visual field mean deviation, CRVO central retinal vein occlusion
a Eyes had an open-angle configuration in the area of iStent inject implantation
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mean medication burden reduced to 0.8 ± 0.9
versus 2.5 ± 1.1 medications preoperatively
(68% reduction; Fig. 3). A C 20% IOP reduction
was achieved in 78% of eyes, with 100% of eyes
reaching IOP B 18 mmHg and 71% reach-
ing B 15 mmHg; Fig. 4). Medication burden
also decreased: at 36 months, 54% of eyes
(n = 22) were medication-free compared to 1%
(n = 1) preoperatively; conversely, 2% of eyes
(n = 1) were on C 3 medications compared to

56% of eyes (n = 45) preoperatively (Fig. 5). At
36 months, 92.7% of the eyes had decreased the
number of medications from their preoperative
regimens. At all postoperative visits from
3 months through 36 months, mean IOP was
maintained at B 15.0 mmHg and mean medi-
cation burden was limited to 0.9 or fewer
medications.

In POAG eyes, at the 12-month follow-up
(n = 55), mean IOP had decreased by 33% to
14.75 mmHg vs. 21.92 preoperatively and
medication burden had decreased by 68% to
0.76 versus 2.35 medications preoperatively. In
PEX eyes, at the 12-month follow-up (n = 10),
mean IOP had decreased by 32% to 15.9 mmHg
versus 23.3 mmHg preoperatively and

Fig. 2 Mean intraocular pressure (IOP) through 36 months; eyes with data available for each visit are included. IOP
intraocular pressure, SD standard deviation, M month, Preop preoperative

Fig. 3 Mean medication burden at 36 months versus
preoperative burden; eyes with data available for each visit
are included. M month, Preop preoperative

Fig. 4 Proportional analysis of IOP B 18 mmHg through
36 months; eyes with data available for each visit are
included. IOP intraocular pressure, M month, Preop
preoperative

Ophthalmol Ther (2018) 7:405–415 409



medication burden had decreased by 64% to 1.0
versus 2.8 medications preoperatively.

Safety Assessment

All patients underwent uneventful implanta-
tion of two iStent inject stents following stan-
dard phacoemulsification cataract surgery. No
intraoperative complications occurred. Two
eyes developed corneal edema during the first
day after cataract removal; both cases resolved
completely with standard topical therapy by 5
days postoperatively. No additional adverse
events occurred in any eye during the remain-
der of the follow-up period. Postoperative
CDVA was maintained at 20/40 or better in all
but one eye (26/27 or 96%; 12-month data); the
one remaining eye had a CDVA of 20/50. Three
eyes underwent additional glaucoma proce-
dures during the follow-up period due to
increased IOP or disease progression unrelated
to stent implantation. These interventions
included cyclophotocoagulation (CPC) in 1 eye
at month 1, CPC in 1 eye at month 6, and XEN
implantation at month 6.

DISCUSSION

The current report provides data on outcomes
of iStent inject implantation combined with
cataract surgery in a patient population with a
sizeable preoperative medication burden and

surgical history in a real-life clinical setting,
making the data particularly meaningful for
clinicians evaluating treatment options for their
glaucoma patient population.

In these 81 eyes with POAG, PEX, apposi-
tional NAG, PG, or neovascular (secondary)
glaucoma, substantial reductions in both IOP
and medication use were observed for
36 months postoperatively following the
implantation of two second-generation trabec-
ular micro-bypass stents with cataract surgery.
These favorable results are consistent with those
of numerous previous studies of first-generation
trabecular micro-bypass stent implantation in
conjunction with cataract surgery for mild to
moderate glaucoma [5–16]. The results also
corroborate previous reports of IOP and medi-
cation reduction after implantation of two
iStent devices in a standalone procedure
[17–22]. In addition, the findings support prior
research on second-generation iStent inject
implantation either with or without cataract
surgery in subjects with predominantly mild to
moderate levels of IOP elevation or medication
burden [23–33].

In the overall cohort, preoperative disease
burden (as indicated by number of medications
and history of prior glaucoma surgery) was rel-
atively substantial. Over half of the eyes were
being treated with 3-4 medications preopera-
tively, nearly one-third of the eyes had under-
gone prior glaucoma surgery (or surgeries), and
only one eye was medication-free. In such pre-
viously operated eyes, remodeling and fibrosis

Fig. 5 Proportional analysis of medication use through 36 months; eyes with data available for each visit are included.
M month, Preop preoperative, Med medication
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of the trabecular meshwork and juxtacanalicu-
lar tissue have been shown to occur, thereby
producing outflow resistance and contributing
to glaucoma [34, 35]. The difficulty involved in
achieving favorable outcomes in such eyes is
widely acknowledged [1, 34], and is thought to
depend on the patency of each eye’s outflow
network [35]. Our study showed that there were
significant IOP and medication reductions in
previously operated eyes, suggesting that tra-
becular micro-bypass stents could potentially
circumvent the diseased portions of the outflow
pathway to restore normal aqueous dynamics in
the remaining healthy parts.

Given that stent implantation was com-
pleted in conjunction with cataract surgery, it is
important to acknowledge the widely known
impact that cataract surgery alone can have in
reducing IOP [36–38]. Post-phacoemulsification
IOP reduction is expected to be modest: less
than 2 mmHg on average [36, 37], or a reduc-
tion versus baseline of 16.5% three years after
cataract extraction, as shown in the Ocular
Hypertension Treatment Study (OHTS) [38].
Less dramatic IOP reductions are expected in
the setting of lower baseline IOP (e.g.,
IOP B 20 mmHg) [39, 40]. In the present
cohort, IOP decreased by over 8 mmHg, a
reduction of 37%; this reduction is approxi-
mately two to four times greater than the
reduction expected with cataract surgery alone.
This is consistent with clinical studies showing
significantly greater reductions in IOP and
medication use in patients with iStent and
iStent inject implantation plus cataract surgery
compared to cataract surgery alone
[2–4, 31, 41–43]. It also aligns with the work of
Fernandez-Barrientos et al. [2], who demon-
strated significant increases in trabecular out-
flow facility at 12 months in eyes implanted
with iStent in combination with cataract sur-
gery compared to eyes with cataract surgery
alone.

Safety parameters for iStent inject were con-
sistently favorable throughout the follow-up
period, with no sign of the long-term sequelae
known to occur with traditional filtering surg-
eries or more recently developed procedures
involving the subconjunctival space. Impor-
tantly, stent implantation did not preclude the

visual improvement expected with cataract
surgery, as evidenced by favorable and
stable postoperative CDVA. Only two adverse
events occurred (both consisting of corneal
edema in the immediate postoperative period),
and these cases resolved without sequelae
within 5 days. Notably, there were no reports of
hypotony, hypotony maculopathy, choroidal
hemorrhage, endophthalmitis, PAS, or stent
occlusion.

With regards to the POAG and PEX sub-
groups, preoperative characteristics were gener-
ally consistent with what has been reported in
the literature. In particular, eyes with PEX had
slightly higher preoperative IOP and medica-
tion burden than eyes with POAG, consistent
with the more aggressive and treatment-recal-
citrant nature of this glaucoma type [44]. Post-
operatively, the outcomes in PEX eyes were
similarly favorable to those in POAG eyes,
thereby corroborating prior studies showing
iStent technology to be a highly suitable and
effective treatment option in PEX eyes [12, 14].

We acknowledge several limitations of this
unmasked, single-arm study. Subjects com-
prised a consecutive series of patients in the
surgeon’s clinical practice, and thus were not
required to meet narrow inclusion criteria for
enrollment. Subjects also did not complete
preoperative and postoperative medication
washouts, since these are not usually part of
standard clinical practice and could potentially
cause harm to subjects who have moderate to
advanced glaucoma. As is the case in most real-
world clinical studies, there was no formal
control group with which to compare the
treatment group; however, we considered pre-
operative IOP and number of medications to be
valid comparators given that they are numeric
measures. Potential additional confounders
include the absence of diurnal IOP measure-
ments, regression to the mean, and the inability
to separate the IOP effects of cataract extraction
and stent implantation. In order to avoid mis-
leading conclusions due to the limited number
of eyes with complete follow-up through
36 months, subgroup analyses for PEX and
POAG were performed at 12 months instead.
Future reports based on this dataset could
include analyses through 36 months or longer
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for these subgroups as well as for the overall
cohort. Other directions for future work could
include stratifying outcomes by type of prior
glaucoma surgery and/or number of preopera-
tive medications; examining long-term RNFL
data (via OCT measures) as a structural correlate
for disease control; and comparing postopera-
tive 3- or 6-month refractive data with expected
preoperative values.

CONCLUSIONS

In conclusion, this series demonstrated sub-
stantial reductions in both IOP and medication
burden through 36 months postoperatively fol-
lowing the implantation of two second-genera-
tion trabecular micro-bypass stents with
cataract surgery, along with favorable safety.
Importantly, these outcomes were observed in a
clinically heterogeneous patient population
with a considerable preoperative medication
burden and prevalence of prior glaucoma sur-
gery. This diversity and real-world setting could
make the data more representative of real-life
clinical populations than many product regis-
tration trials. Thus, the study provides a useful
reference for both clinicians and patients who
are evaluating their glaucoma treatment
options.
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