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ABSTRACT

Introduction: To investigate the 24-month
efficacy and safety of iStent inject trabecular
microbypass system implantation combined
with phacoemulsification in subjects with pri-
mary open-angle glaucoma (POAG) and con-
comitant cataract.
Methods: This prospective, uncontrolled,
interventional case series included 36 eyes (29
subjects) with POAG of mild to moderate
severity and coexisting cataract that underwent
combined phacoemulsification and implanta-
tion of a second-generation trabecular
microbypass stent (iStent inject�). Main out-
come measures involved mean intraocular
pressure (IOP), number of antiglaucoma medi-
cations, and proportional analysis of eyes with
IOP B 18 mmHg or B 15 mmHg, or with 0 or
C 2 glaucoma medications. Secondary outcome
measures involved the cup-to-disc ratio, cor-
rected distance visual acuity (CDVA), and
adverse issues.

Results: In 36 eyes, the mean IOP at baseline
was 18.28 ± 2.87 mmHg, which decreased to
14.24 ± 1.36 (22.1%) and 14.46 ± 1.56 mmHg
(20.9%) at 18 and 24 months, respectively
(p\ 0.001). At the last follow-up, 100% of eyes
had an IOP B 18 mmHg (vs. 50% preopera-
tively), and 75.7% of eyes had an
IOP B 15 mmHg (vs. 16.7% preoperatively);
58.3% of eyes achieved C 20% IOP reduction
from preoperative status. At baseline, eyes were
treated with a mean of 2.35 ± 1.18 medica-
tions, which was reduced to 0.80 ± 1.04 (66%
reduction) and 0.69 ± 0.95 medications (70.6%
reduction) at 18 and 24 months, respectively
(p\ 0.001). At the last follow-up, 54.1% of eyes
were medication-free (vs. 0% preoperatively)
and 24.3% of eyes were treated with C 2 medi-
cations (vs. 64.9% preoperatively). This com-
bined procedure demonstrated an excellent
safety profile with no reported intraoperative
complications or adverse events; CDVA was
maintained throughout the entire follow-up
period.
Conclusions: This real-world series demon-
strated that iStent inject device implantation at
the time of phacoemulsification is a safe and
effective method to decrease IOP and the
necessity for antiglaucoma medications in
patients with mild-to-moderate POAG and cat-
aract; no associated vision-threatening compli-
cations were noted.
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Key Summary Points

A real-world series demonstrated that
iStent inject device implantation at the
time of phacoemulsification is a safe and
effective method to decrease intraocular
pressure (IOP) and the necessity for
antiglaucoma medications in patients
with mild-to-moderate primary open-
angle glaucoma and cataract.

At the last follow-up, 100% of eyes had an
IOP B 18 mmHg (vs. 50% preoperatively)
and 75.7% of eyes had an IOP B 15 mmHg
(vs. 16.7% preoperatively); 58.3% of eyes
achieved C20% IOP reduction from
preoperative status.

At the last follow-up, 54.1 % of eyes were
medication-free (vs. 0% preoperatively)
and 24.3 % of eyes were treated with C2
medications (vs. 64.9% preoperatively).

Future research could include a greater
number of participants, a longer follow-up
period, and/or an analysis of the retinal
nerve fiber layer and visual field over time.

INTRODUCTION

Glaucoma is the most common cause of per-
manent vision loss, and intraocular pressure
(IOP) remains the sole modifiable risk factor to
halt the progression of vision loss [1, 2]. Primary
open-angle glaucoma (POAG) is recognized as
the most prevalent glaucoma subtype [3]. The
mainstay of treatment for open-angle glaucoma
(OAG) is primarily aimed at reducing the IOP
[4].

Conservative management typically involves
topical antiglaucoma therapy and/or laser tra-
beculoplasty [4]. Topical antiglaucoma medica-
tions are the first-line treatment; however, they
are associated with adverse effects including
ocular surface disease, poor compliance, cost,

decreased quality of life, and conjunctival
inflammation affecting future surgical out-
comes [5–7]. Laser trabeculoplasty procedures
also are considered an effective method for early
treatment [8]. However, their IOP-reducing
effect may be temporary, such as in the recent
LIGHT trial wherein approximately one-third of
patients needed additional therapy (medication
or repeat laser) during the 3-year follow-up
period; this presents a challenge as glaucoma is
a lifelong disease [8–10]. Incisional glaucoma
surgeries—i.e., a trabeculectomy or tube shunt
procedure—more effectively reduce IOP; how-
ever, these types of surgeries are associated with
vision-threatening complications such as bleb-
related complications, endophthalmitis, and
chronic hypotony [11, 12].

Over the past decade, management for OAG
has undergone significant progress following
the development of minimally invasive glau-
coma surgery (MIGS) which has a better safety
profile and incorporates several novel surgical
techniques [13]. MIGS has expanded over the
last decade to fill the gap between topical
glaucoma therapy and incisional glaucoma
surgery. Although MIGS procedures typically do
not result in the dramatic IOP reduction
obtained by traditional incisional glaucoma
surgery, they can provide clinically meaningful
IOP and medication reductions while retaining
an excellent safety profile. They also spare the
conjunctiva in case further incisional glaucoma
surgery is needed later on. Thus the benefits of
MIGS surgeries can extend to both clinical (e.g.,
IOP, medications, and avoidance of filtering
surgery) and non-clinical effects (e.g., improved
ocular surface, quality of life, and compliance)
[6, 7, 14, 15].

The first-generation trabecular microbypass
stent, iStent (Glaukos Corporation, San Cle-
mente, CA, USA), is the first US Food and Drug
Administration-approved MIGS device. The
stent is implanted into Schlemm’s canal to
bypass aqueous outflow resistance in the tra-
becular meshwork, enhancing the physiological
outflow and reducing the IOP [16]. A second-
generation microbypass trabecular stent system
(iStent� Inject, Glaukos Corp.) has recently
been introduced and involves the insertion of
two micro-scale stents to enhance up to

924 Ophthalmol Ther (2021) 10:923–933



5–6 clock hours of aqueous outflow. Both
models (iStent and iStent inject) are biocom-
patible, nonferromagnetic, micro-sized, hep-
arin-coated titanium stents which are
implanted ab internally into Schlemm’s canal
with a single-use stainless-steel inserter or
injector [17]. The iStent inject was developed to
achieve a greater reduction in IOP than the first-
generation iStent, based on studies that showed
that additional IOP reduction could be attained
with insertion of multiple first-generation
iStents [18, 19]. Cataract extraction itself also
can reduce IOP and medication in glaucoma-
tous eyes, although the effect is typically tem-
porary [20, 21].

At present, minimal data exist on the com-
bination of iStent inject and phacoemulsifica-
tion in Middle Eastern patients. As such, the
objective of this study was to investigate the
safety and efficacy of iStent inject implantation
with cataract extraction in terms of IOP, medi-
cation dependence, and visual acuity in eyes
with POAG and cataract in the Saudi
population.

METHODS

Study Design

This prospective, uncontrolled, non-random-
ized interventional series included patients with
POAG of mild to moderate severity and con-
comitant cataract who underwent combined
phacoemulsification and implantation of iStent
inject second-generation trabecular microby-
pass stents. All procedures were performed by
one surgeon (A.H.) at a single center (King
Fahad Hospital of the University in Khobar,
Saudi Arabia (KFHU) over a 2-year period
(March 2019–April 2021). The study protocol
adhered to the tenets of the Declaration of
Helsinki 1964 and was reviewed and approved
by the Institutional Review Board of KFHU.
Preoperative written informed consent was
obtained from all participants. Participants were
Saudi adults (18 years of age or older) with
visually significant cataracts who were medi-
cally managed for mild to moderate POAG
(mean deviation between 0 and - 12 dB at

presentation), who underwent cataract extrac-
tion without intraoperative complications. Par-
ticipants with a corneal scar, active uveitis,
concomitant retinopathy, active neovascular-
ization, significant ocular comorbidities, or
forms of glaucoma other than POAG were
excluded. IOP was measured according to the
standard practice for clinical glaucoma studies
using Goldmann applanation tonometry. All
participants had cataracts (corrected distance
visual acuity [CDVA] less than 20/40) and nee-
ded further glaucoma intervention due to
insufficient IOP control, non-compliance with
topical medications, and/or medication burden.
The following preoperative details were
obtained: age, IOP, cup/disc ratio, number of
antiglaucoma therapies, and CDVA. Postopera-
tive details included IOP, CDVA, the number of
antiglaucoma medications, postoperative com-
plications, and the need for further glaucoma
intervention. Consistent with evidence from
the Advanced Glaucoma Intervention Study,
topical antiglaucoma medication was resumed
if the IOP was higher than 18 mmHg at any
point during the follow-up period, to decrease
the long-term progression of visual field defects
[22].

Trabecular Microbypass iStent Inject
System and Surgical Procedure

The iStent inject device consists of two pre-
loaded biocompatible titanium stents on a sin-
gle injector. Each stent has four outlet lumens
to enable multidirectional aqueous humor out-
flow from the anterior chamber downstream to
collector channels. The combined surgery star-
ted with phacoemulsification through a tem-
poral clear corneal incision with the insertion of
an intraocular lens in the bag, which was fol-
lowed by administering an intracameral miotic
agent (acetylcholine 1%); then, an ophthalmic
viscoelastic device was injected into the anterior
chamber. After rotation of both the patient’s
head and the microscope, the non-dominant
hand gently placed a goniolens on the corneal
surface to visualize the angle. Next, the injector
was advanced through the corneal incision
under gonioscopic visualization to reach the
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nasal aspect of trabecular meshwork, into which
the first stent was implanted, followed by
repositioning the stent injector tip laterally 2–-
3 hours from the first stent to insert the second
stent. After that, the injector was withdrawn
from the eye, and the stents were confirmed to
be placed properly. At the end of the procedure,
the ophthalmic viscoelastic substance was
removed, and the self-sealing of the corneal
incision was confirmed. Lastly, a subconjuncti-
val injection of a mixture of dexamethasone
and gentamicin was given.

Postoperative Medication and Follow-up

Postoperatively, prednisolone acetate 1% (Pred
Forte; Allergan, Inc., Irvine, CA) was prescribed
with a tapering dose over a 6-week period along
with topical moxifloxacin 0.05% (Vigamox;
Alcon Laboratories, Inc., Fort Worth, TX) for
2 weeks. All preoperative topical antiglaucoma
medications were discontinued. Postoperative
data were obtained on day 1, at 2 weeks, and
during months 1, 3, 6, 9, 12, 18, and 24.

Effectiveness and Safety Evaluations

Effectiveness measures included mean IOP and
the mean number of glaucoma medications.
Pre- and postoperative topical antiglaucoma
single formulations containing two combined
medications were counted as two medications
for analysis purposes. Safety parameters inclu-
ded postoperative complications, CDVA data
using a Snellen chart, optic disc cupping pro-
gression, and further surgical interventions. A
postoperative gonioscopic examination was
performed at each follow-up visit to ensure
proper stent positioning.

Statistical Analysis

For analysis purposes, the CDVA was converted
to the logarithm of the minimum angle of res-
olution. Descriptive analyses (mean and stan-
dard deviation) were used to summarize the
IOP, number of antiglaucoma medications,
CDVA, and cup-to-disc (CD) ratio. Proportional
analyses were completed for the percentage of

eyes with an IOP B 18 mmHg or an
IOP B 15 mmHg; and for the proportion of eyes
on 0 or C 2 medications. IBM SPSS for Windows
(version 22; IBM Corp, Armonk, NY, USA) was
used for all analyses. The normality of the data
was assessed using the Shapiro–Wilk test. The
IOP, CDVA, and cup-to-disc ratio were com-
pared with an independent sample t test. The
number of glaucoma medications was com-
pared with the Mann–Whitney U test. p val-
ues\ 0.05 were considered statistically
significant. All figures were created with
Microsoft Excel (2019, Microsoft Corp., USA).
Data are presented as the mean ± standard
deviation.

RESULTS

Demographics and Clinical Characteristics

Thirty-six eyes from 29 subjects with a mean age
of 61.6 ± 10.0 years (range 32.0–81.0 years)
were involved in this study. All eyes were diag-
nosed with cataract and POAG without history
of previous glaucoma surgery or laser proce-
dures. All eyes underwent iStent inject implan-
tation combined with phacoemulsification and
IOL implantation between March 2019 and
April 2021. The baseline demographics and
clinical characteristics are summarized in
Table 1.

Intraocular Pressure

At baseline, the mean IOP was
18.28 ± 2.87 mmHg, with 50% of eyes having
an IOP B 18 mmHg and 16.7% of eyes having
an IOP B 15 mmHg. At 12 months postopera-
tively, the mean IOP decreased by 23.6% to
13.97 ± 1.44 mmHg (p\ 0.001); 100% of eyes
had an IOP B 18 mmHg, and 82.9% had an
IOP B 15 mmHg; 58.8% of eyes had C 20%
reduction in IOP. At 18 months postoperatively,
the mean IOP decreased by 22.1% to
14.24 ± 1.36 mmHg (p\ 0.001); 100% of eyes
had an IOP B 18 mmHg, and 76% had an
IOP B 15 mmHg; 56% of eyes had C 20%
reduction in IOP. At 24 months postoperatively,
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the mean IOP had decreased by 20.9% to
14.46 ± 1.56 mmHg (p\ 0.001); 100% of eyes
had an IOP B 18 mmHg, and 69.2% had an
IOP B 15 mmHg; 69.2% of eyes had C 20%
reduction in IOP. At the last follow-up, the
mean IOP had decreased by 23.1% to
14.05 ± 1.72 mmHg (p\ 0.001); 100% of eyes
had an IOP B 18 mmHg, and 75.7% of eyes had

an IOP B 15 mmHg; 58.3% of eyes had C 20%
reduction in IOP. Figure 1 shows the mean IOP
throughout the 24-month postoperative period,
and Fig. 2 shows the proportional analysis for
IOP at baseline and at the 12-, 18-, and
24-month postoperative visits.

Medication Burden

There was a meaningful decline in medication
burden postoperatively. At baseline, eyes were
treated with a mean of 2.35 ± 1.18 medica-
tions, no eyes were medication-free, and 64.9%
of eyes were treated with C 2 medications. At
12 months postoperatively, there was a 63.4%
decrease in medications to 0.86 ± 1.00 medi-
cations (p\0.001); 48.6% of eyes were medi-
cation-free and 28.6% of eyes were being treated
with C 2 medications. At 18 months postoper-
atively, there was a 66% reduction in medica-
tions to 0.80 ± 1.04 medications (p\0.001);
52% of eyes were medication-free and 24% of
eyes were being treated with C 2 medications.
At 24 months postoperatively, there was a
70.6% reduction in the number of medications
to 0.69 ± 0.95 medications (p\0.001); 61.5%
of eyes were medication-free and 30.8% of eyes
were being treated with C 2 medications. At the
last follow-up visit, there was a 60% reduction
in medications to 0.94 ± 1.12 medications
(p\ 0.001); 54.1% of eyes were medication-free
and 24.3% of eyes were being treated with C 2

Table 1 Baseline demographic and clinical characteristics
of participants

Parameter (n = 36) Valuea

Age (years) 61.6 ± 10.0 (32.0–81.0)

Gender

Male 48.3% (14)

Female 51.7% (15)

IOP (mmHg) 18.28 ± 2.87 (12.00–25.00)

CDVA (logMAR) 0.72 ± 0.61 (0.10–3.00)

Number of medications 2.35 ± 1.18 (1.0–4.0)

Medication burden

0 medications 0% (0)

C 2 medications 64.9% (24)

CD ratio 0.59 ± 0.13 (0.40–0.80)

SD standard deviation, CDVA corrected distance visual
acuity, IOP intraocular pressure, CD ratio cup-to-disc ratio
a Data are presented as mean ± SD (range) or % (n)

Fig. 1 Trend of mean intraocular pressure over 24 months

Ophthalmol Ther (2021) 10:923–933 927



medications. Figure 3 shows the mean number
of medications from the preoperative visit to
24 months postoperatively, and Fig. 4 shows
the proportional analysis of the medication
burden preoperatively as well as at the 12- and
24-month visits.

Visual Acuity and Cup-to-Disc Ratio

All subjects were implanted with iStent inject
following phacoemulsification and IOL
implantation. The mean CDVA improved from

0.72 ± 0.61 logMAR (Snellen 20/105) preopera-
tively to 0.31 ± 0.32 logMAR (Snellen 20/41, a
gain of 4.1 lines) at the 12-month visit
(p = 0.001) and 0.24 ± 0.21 logMAR (Snellen
20/35, a gain of 4.8 lines) at the 24-month visit
(p\ 0.001); this was consistent with the
expected post-phacoemulsification improve-
ment in CDVA.

The CD ratio remained stable postopera-
tively. The mean CD ratio was 0.59 ± 0.13
preoperatively, 0.59 ± 0.13 at the 12-month
visit (p = 0.941), and 0.59 ± 0.12 at the
24-month visit (p = 0.973).
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Safety Outcomes

In this cohort, 36 eyes underwent uneventful
implantation of two iStent inject stents and
cataract surgery. Transient mild corneal edema
and ocular discomfort were noted at the initial
postoperative follow-up, which were expected
following cataract surgery alone and resolved
spontaneously with no sequelae. There were no
reported adverse events of hyphema, hypop-
yon, intraocular inflammation, choroidal effu-
sion, or hemorrhage through the entire follow-
up period. Also, there were no stent-related
adverse issues such as stent occlusion or
peripheral anterior synechiae; and further
glaucoma surgery was not needed in any eye
through to the last visit.

Postoperatively, a transient steroid response
occurred in one eye at the 1-month visit which
was managed with tapering the steroid drops
and careful observation. In this eye, the IOP was
18 mmHg preoperatively and 16 mmHg,
17 mmHg, 22 mmHg, 17 mmHg, 14 mmHg,
and 16 mmHg at the 1-day, 1-week, and 1-, 3-,
6-, and 12-month visits. The eye was medica-
tion-free through to the 12-month visit. In this
eye, the CDVA was 1.0 logMAR (Snellen 20/200)
preoperatively and 0.10 logMAR (Snellen 20/25)
at the 12-month visit.

DISCUSSION

With the growing use of the iStent inject pro-
cedure and the minimal data that exist on sur-
gical outcomes in Middle East populations, the
present study aimed to evaluate the safety and
efficacy of second-generation iStent inject
implantation at the time of cataract extraction
in the Saudi population. The dataset thus con-
tributes much-needed evidence on surgical
outcomes in distinct populations and clinical
settings.

The present study was conducted at a single
center in a real-world setting, and a single sur-
geon operated on 36 eyes with concomitant
POAG and cataract that underwent combined
iStent inject implantation with cataract surgery.
This prospective series demonstrated a safe and
substantial reduction in IOP and glaucoma
medications. In addition, the micro-scale, ab
interno nature of the implantation procedure
preserves the conjunctiva in case additional
surgery is needed in the future.

The mean IOP was significantly reduced
from 18.28 mmHg at baseline to 14.24 (22.1%)
and 14.46 mmHg (20.9%) at the 18- and
24-month follow-up visit, respectively. In addi-
tion, the target IOP of B 15 mmHg was reached
in 75.5% of eyes at the final follow-up visit
(75.5% vs. 16.7% preoperatively). This is a
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particularly impactful outcome considering
that a 1-mmHg IOP reduction decreases glau-
coma progression by 10%, as established by the
Early Manifest Glaucoma Trial [23]. Thus, the
4-mmHg IOP reduction in the present study is
considered clinically important.

Regarding medication burden, the current
study demonstrated a notable decrease in the
mean number of medications by 67.65% from
baseline. Furthermore, 54.1% of eyes in this
study were medication-free at the final follow-
up visit (compared to 0% preoperatively), while
40.6% of eyes were able to eliminate at least two
medications from their original regimen. The
reduction in medication burden is meaningful
considering the known side effects of medica-
tions such as poor compliance, ocular surface
disturbance, costs, and quality of life [5–7].

The IOP and medication reductions observed
in the present study are consistent with previ-
ously reported outcomes [24–27]. For example,
a multicenter analysis of 1-year outcomes of
iStent inject at the time of cataract extraction in
distinct glaucoma subtypes reported that IOP
and medication reduction from baseline were
23.2% and 71.5%, respectively [24]. Similarly, a
prospective cohort study evaluated the
36-month outcome of the iStent inject with
phacoemulsification in various glaucoma sub-
types and demonstrated that the mean IOP and
medication reductions from baseline were 37%
and 68%, respectively [27]. In this same cohort,
100% of eyes achieved IOP B 18 mmHg and
71% achieved B 15 mmHg, also 78% of eyes
had C 20% reduction in IOP while 54% of eyes
were medication-free at the last follow-up. This
was consistent with our study outcome in
which 100% of eyes achieved IOP B 18 mmHg
and 75.7% achieved B 15 mmHg, also 58.3% of
eyes had C 20% reduction in IOP and 54.1% of
eyes were medication-free. The slight variability
in the mean IOP reduction is likely due to the
lower mean baseline IOPs in our study
(18.28 ± 2.87 mmHg) compared to the afore-
mentioned study (22.6 ± 6.2 mmHg) [27].

The safety profile of this procedure was
highly favorable, consistent with previously
published studies [15, 24, 27]. The post-pha-
coemulsification CDVA improvement was pre-
served throughout follow-up, confirming that

this device did not interfere with the visual
expectation after cataract surgery. Furthermore,
there were no significant postoperative adverse
events such as those observed in incisional
glaucoma surgeries (e.g., bleb-related infections,
endophthalmitis, hypotony, or choroidal
detachment) [11, 12]. In addition, there were no
stent-related adverse events such as occlusion,
and no eyes needed secondary glaucoma sur-
gery through to the last visit.

Trabecular microbypass iStent devices have
favorable safety and efficacy profiles and pro-
vide many advantages over topical antiglau-
coma medications alone [28]. Poor compliance
can be a significant barrier to achieve glaucoma
control and appears to worsen glaucoma pro-
gression [29]. Even with perfect compliance,
diurnal changes in drug activity can result in
IOP fluctuations and subsequent optic nerve
head damage [30]. In contrast, surgical inter-
ventions have been shown to result in less IOP
variability than topical antiglaucoma medica-
tions, allowing for more consistent IOP reduc-
tion [31]. The favorable safety profile makes this
procedure helpful in managing patients with
POAG and cataracts. Additionally, patients are
usually able to decrease their use of topical
antiglaucoma medications and hence improve
their quality of life by adding stent implanta-
tion at the time of cataract extraction [6].

Certain limitations exist in the current
cohort. Considering that this was a real-world
series, a medication washout period was not
attempted for safety and ethical purposes. As all
iStent injects were implanted at the time of
cataract extraction, the outcome of stent
implantation could not be parsed apart from
that of cataract extraction. However, studies
have shown that combining the iStent inject
with phacoemulsification achieved consistent
and sustained IOP reduction compared to pha-
coemulsification alone, whose effect fades over
time [15, 24, 32]. Future research could include
a greater number of participants, a longer fol-
low-up period, and/or an analysis of the retinal
nerve fiber layer and visual field over time.
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CONCLUSIONS

The present real-world study offers some of the
first data yet available on iStent inject implan-
tation with cataract surgery in a Middle Eastern
population. The results indicate that this com-
bined procedure is an effective method to sig-
nificantly decrease the IOP and the need for
antiglaucoma medications in patients with
POAG and cataract, while also preserving
excellent safety and avoiding vision-threaten-
ing complications or additional glaucoma
surgery.
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