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Purpose: To assess the effectiveness and safety of a single iStent trabecular micro-bypass
stent implantation in combination with cataract surgery in lowering the intra ocular pressure
(IOP) and number of anti-glaucoma medications in Saudi patients with open-angle glaucoma
(OAG).

Setting: King Fahad Hospital of the University, Al Khobar, Saudi Arabia.

Design: Prospective, non-comparative, uncontrolled, non-randomized interventional case
series.

Methods: One iStent was implanted during phacoemulsification cataract surgery for adult
patients with OAG by a single surgeon over a period of 3 years. Main outcome measures
include number of anti-glaucoma medications, IOP, corrected distance visual acuity (CDVA)
and complications.

Results: Thirty-six eyes of 33 patients with OAG underwent the surgery. The pre-operative
mean IOP and mean anti-glaucoma medications were 17.47 + 5.44 mmHg and 2.69 + 0.92,
respectively. At 1 year of follow-up mean, IOP decreased to 13.44 + 1.99 (23.1% reduction)
(P<0.001) and mean anti-glaucoma medications decreased to 1.47+1.13 (45.4% reduction)
(P<0.001).

Conclusion: After 12-month follow-up, phacoemulsification with the implantation of
a single iStent seems to be an effective and safe procedure to lower IOP and the number
of anti-glaucoma medications, and to overcome the problems associated with medication
nonadherence in OAG patients with cataracts.
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Introduction
Cataract and glaucoma are the first and second leading causes of blindness around
the world. As of 2010, approximately 60 million people suffered from glaucoma,
and this figure is expected to increase to 79.6 million by 2020." Similar to the rest
of the world, both of these conditions are leading causes of blindness in the
Kingdom of Saudi Arabia.”

Open-angle glaucoma (OAG) impairs the retinal ganglion cells. Current treat-
ment options aim to preserve the integrity of the optic nerve and visual function by
reduction of intraocular pressure (IOP).” This was evidenced by clinical trials
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demonstrating a decrease in glaucoma progression risk by
around 10% for every 1 mmHg IOP reduction.* Treatment
options include hypotensive eye drops, laser trabeculo-
plasty, and surgical interventions (e.g., incisional glau-
coma interventions). While each is associated with
positive outcomes, all have some disadvantages that can
decrease their utility.” As a case in point, adherence to
prescribed topical medications is a known challenge.
Potential issues such as allergies, cost, and inaccessibility
may prevent the proper use of these medications.®

In the case of laser trabeculoplasty, while it is usually
safe, the outcomes may not be long term.”® Although
incisional glaucoma surgeries can effectively lower 10P,
there remain real concerns to both patients and surgeons of
the possible lifelong complications of the surgeries as
hypotony, bleb leaks or fibrosis, or more devastating
vision-threatening complications like bleb related infection
and endophthalmitis. Therefore, it is not preferred for early
glaucoma stage but reserved for more advanced disease.”

More recently, interest has increased in the minimally-
invasive glaucoma surgery (MIGS) devices and their abil-
ities to reduce the IOP and medications with less serious
side effects.'® Advantages of MIGS devices are the lower
rate of complications, the ability to be combined with
other MIGS procedures, the possibility of future incisional
glaucoma surgery as it spares the conjunctiva.''

The iStent (Glaukos Corporation, San Clemente,
California) is a MIGS device and the first ab-interno
glaucoma implant that received FDA approval for the
management of mild-to-moderate OAG.'? It works on
the main pathology of high IOP in open-angle glaucoma
which is the resistance of aqueous outflow through the
trabecular meshwork.'>'* The iStent creates a bypass
through the trabecular meshwork to Schlemm’s canal,
in IOP
lowering."> This enhancement of the outflow has been
identified in the
experiment.'®

improving aqueous outflow and resulting

literature using fluorophotometric

Many studies have reported significant IOP and medi-
cation reduction following iStent implantation with an
excellent safety profile.'”** In most cases, the iStent tra-
becular micro-bypass stent is implanted in patients with
mild-to-moderate OAG.'”'®2°2 However other studies
have evaluated it’s usage as a treatment for both
pseudoexfoliative'® and advanced glaucoma.?

To the best of our knowledge, no previous study has
evaluated the application of the iStent procedure in

a patient population from the Middle East. In light of

this gap in the existing literature, it is the objective of
this study to assess the effectiveness of a single iStent
trabecular micro-bypass stent implantation in combination
with cataract surgery in Saudi patients.

Patients and Methods
Study Design

The present study is a prospective, non-comparative,
uncontrolled, non-randomised interventional case series
of patients who underwent combined phacoemulsification
with one iStent implantation. All the surgeries were per-
formed by a single surgeon (A.H.) over the course of 3
years at King Fahad Hospital of the University in Khobar,
Saudi Arabia. The inclusion criteria included patients from
Saudi origin who had cataract with OAG, completion of
the phacoemulsification surgery without intraoperative
complications, usage of any number of pre-operative glau-
coma drugs. The exclusion criteria included; other forms
of glaucoma other than OAG, cloudy cornea, since this
undermines gonioscopic angle view; peripheral anterior
synechiae, active uveitis, and coexisting retinopathy that
limits visual acuity potential. The study followed the
tenets of the Declaration of Helsinki and was approved
by the hospital’s institutional review board. Written
informed consent was obtained from all patients before
surgery.

Pre-operative data included gender, age, diagnosis,
angle status, number of anti-glaucoma medications, cup-
to-disc ratio, IOP, and corrected distance visual acuity
(CDVA). Postoperative data included IOP, number of anti-
glaucoma medications, complications, and CDVA. For
analysis purpose, two hypotensive medications combined
in a single formulation were counted as two medications
rather than a single medication.

Trabecular Micro-Bypass Stent

As a one-piece, L-shaped MIGS device, the iStent trabe-
cular micro-bypass is made of heparin-coated biocompa-
tible implant-grade titanium (nickel-free). The height and
length of the iStent are 0.33 mm and 1.0 mm, respectively.
The device has a snorkel of 0.25 mm and 120 pum in
length and bore diameter, respectively, and the snorkel
contains three retention arches to facilitate effective pla-
cement. The iStent enhances aqueous outflow is by pro-
ducing a bypass through the trabecular meshwork and
directly connecting the anterior chamber to Schlemm’s
canal. Upon implantation, the iStent’s snorkel (i.e., the
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short side) remains in the anterior chamber while the
device’s body (i.e., the open half pipe lumen) sits within
The
a stainless-steel, single-use inserter which is used in posi-

Schlemm’s canal. stent is contained within
tioning the body and snorkel in the Schlemm canal and

anterior chamber, respectively.

Surgical Technique

The first phase of the surgical procedure involved admin-
istering the patient with local anaesthesia and then sterili-
this,
undertaken via a clear corneal temporal incision, after

zation.  Following phacoemulsification ~ was
which the intraocular lens was inserted in the bag. In the
event that the full dilation of the pupil was observed after
implantation of the IOL; then intracameral acetylcholine
1% was used to achieve miosis Next, a viscoelastic sub-
stance was injected into the anterior chamber. The
patient’s head and microscope were repositioned and, in
turn, gonio lens was used to view the angle providing
a good view of the nasal trabecular meshwork. Without
the gonio lens in place, the inserter containing a preloaded
iStent was passed through the clear corneal temporal inci-
sion into the anterior chamber, then the gonio lens was
applied again to observe the angle. The iStent device’s
leading edge was placed into the Schlemm canal in the
superior nasal part of the trabecular meshwork, after which
the inserter’s button was pressed to release the stent.
Following this, the inserter was extracted, the viscoelastic
substance was washed away, the normal pressure was
restored to the anterior chamber with a balanced salt solu-
tion, and the temporal phacoemulsification incision was
closed. Finally, each patient received a sub-conjunctival
injection of gentamicin and dexamethasone.

Postoperative Medication and Follow-Up
Glaucoma medications were discontinued for the patients
postoperatively. Topical prednisolone acetate 1% (Pred
Forte; Allergan, Inc., Irvine, CA) was prescribed in taper-
ing doses over 6 weeks starting with a drop every 2 hours
and ending with a drop once daily. In addition, moxiflox-
acin (Vigamox; Alcon Laboratories, Inc., Fort Worth, TX)
drops were prescribed to the patients 4 times daily for
a period of 14 days. Follow-up appointments were sched-
uled with the patients at day one and two weeks after the
surgery, as well as months 1, 3, 6, 9, 12, 18, 24, and 36.
During the follow-up period, if IOP of greater than 18
mmHg was noticed, the surgeon increased medications
accordingly to reach target IOP.

Statistical Analysis

CDVA was converted to logarithm of minimum angle of
resolution (LogMAR). IOP spikes were defined as an
elevation of IOP that was greater than or equal to 10
mmHg at any point following the surgical intervention.
Efficacy analysis involved IOP and the number of medica-
tions received. Finally, safety evaluations involved the, the
gain of Snellen lines of CDVA, and loss of Snellen lines of
CDVA, the incidence of IOP spikes, complications, and
the need for additional glaucoma surgery.

IBM SPSS v. 22 for the Windows operating system
(IBM Corp, Armonk, NY, USA) was used to conduct
statistical analysis. The Shapiro—Wilk test was utilized as
the test of normality, and paired t-tests were used to
compare the baseline and post-operative IOP wvalues.
CDVA and the number of glaucoma medications were
comparatively examined using the Wilcoxon signed rank
test. Additionally, the percent of eyes per number of med-
ication was compared at baseline and at 12 months/last
follow-up by chi-square test. Linear regression analysis
was performed to predict future reduction in IOP. The cut-
off level for a statistically significant result was 0.05. In
comparing the pre-operative data to last follow-up.

Results

In this interventional case series, 36 eyes of 33 patients (23
males, 10 females) underwent successful phacoemulsifica-
tion with the implantation of an intraocular lens and
(iStent) at
a secondary hospital from June 2016 to June 2019. Three

a single trabecular micro-bypass stent
patients had bilateral significant cataract and concomitant
glaucoma therefore both eyes were included in the analy-
sis. All eyes have been followed out to 1 year post-surgery.
Table 1 shows the demographic and baseline characteris-
tics of the study population. The cohort comprised of
primary open-angle glaucoma (n=26), pseudoexfoliative
glaucoma (n=8), and pigmentary glaucoma (n=2). The
mean age of the patients was 66.34 + 6.12 years. None
of the eyes had previously underwent glaucoma surgery.
All eyes had visually significant cataract, with 86.1%
(n = 31) having baseline CDVA of 20/50 or worse. For
the overall cohort, the baseline mean IOP and mean med-
ications were 17.47 + 5.44 mmHg and 2.69 + 0.92, respec-
tively. The mean cup-to-disc ratio was 0.64 + 0.17.
Figures 1-3 provide an overview of the mean IOP, the
mean number of glaucoma medications received, and the

mean CDVA from baseline to the final follow-up for the entire
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Table | Demographics and Baseline Characteristics for the
Overall Study Populations

Parameters Value (MeantSD)
Overall OAG n=36

POAG n=26

PXF n=8

PG n=2

Mean age (years) 66.34+6.12
Gender (males/females) 23/10

Cup-to-disc ratio 0.64+0.17

Baseline number of medications 2.69+ 0.92
Baseline IOP (mmHg) 17.47+5.44
Baseline CDVA (logMAR (Snellen)) 0.77+0.56 (20/117)
Follow-up time (month) 18.25%11.05

Abbreviations: IOP, intraocular pressure; n, number of eyes; CDVA, corrected
distance visual acuity; OAG, open-angle glaucoma; POAG, primary open-angle
glaucoma; PXF, pseudo exfoliative glaucoma; PG, pigmentary Glaucoma; SD, stan-
dard deviation.

cohort. The results indicate that IOP and CDVA improved
immediately post-operatively and, after 14 days, stabilised.
Overall the average glaucoma medication usage decreased

compared to baseline.

Efficacy

An analysis of the data demonstrated a reduction in IOP
and the number of anti-glaucoma medications used. In
comparison to baseline, the mean IOP at the final follow-
up decreased from 17.47 + 5.44 to 13.44 + 1.99 (23.1%
reduction) (P < 0.001). For future cases, the regression
estimated a reduction of IOP by 29.4%
(P < 0.001). In comparison to baseline, the mean medica-
tions at the final follow-up decreased from 2.69 + 0.92 to
1.47 £ 1.13 (45.4% reduction) (P < 0.001).

analysis

Intraocular Pressure Over Time
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Figure | Intraocular pressure over time.

Pre-operatively, no eyes were medication-free, while at
the final follow-up session, 27.8% (n = 10) of eyes were
medication-free. At baseline, 25% of eyes were receiving
4 medications, while only 5.6% were receiving same
number at the final follow-up session. Another 25% of
eyes were receiving 3 medications at baseline, which con-
trasted with 5.6% at the final follow-up session. (Table 2).

A sub-analysis was performed on four eyes with start-
ing IOP in the 8—10 mmHg range who were receiving 2—4
medications pre-operatively. The IOP values for these eyes
at the final follow-up was in the 12-14 mmHg range on
0-2 medications, in particular, 2 eyes were medication
free.

Safety

In this study, 36 eyes underwent uneventful phacoemulsi-
fication cataract surgery with implantation of one iStent
device. During the entire period of follow-up, no loss of
light perception, sight-threatening disorders, choroidal
detachment, retinal detachment, endophthalmitis, or hypot-
ony maculopathy or stent-related complications were
observed, including peripheral anterior synechiae, loss of
stent, stent obstruction, or haemorrhage. In addition, no
eyes needed to receive another glaucoma surgery during
the follow-up period. Corrected distance visual acuity
(CDVA) significantly improved from 0.77 = 0.56
LogMAR at baseline to 0.19 £ 0.23 LogMAR at 12
months/last follow-up (p < 0.005).

Transient findings were observed during the early post-
operative period that are expected following phacoemulsi-
fication alone, including corneal edema, inflammation, and
discomfort which were all mild and were resolved without
sequelae. Eight (22.2%) eyes displayed IOP spikes which
were primarily attributed to the steroid postoperative regi-
men and were successfully treated with glaucoma medica-
tions with no sequelae. In 1 of the § eyes, transient high
IOP was observed on the operative day and was attributed
to the entrapment of the viscoelastic substance within the
anterior chamber. This patient was treated with 3 topical
medications and IOP decreased on the first postop day and
was controlled through all follow-up sessions. At 12
months follow-up, IOP was 13 mmHg on 2 medications,
while pre-operatively the IOP was 19 mmHg on 2
medications.

Discussion
The iStent trabecular micro-bypass is the first FDA-
approved MIGS device. Its application in the treatment
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Figure 2 Corrected distance visual acuity over time.

of mild-to-moderate OAG has become increasingly preva-
lent. With the increasing use of this procedure, it is impor-
tant to gather data which showcase patient outcomes in
different populations and clinical settings. Therefore, due
to the dearth of research on surgical outcomes for Middle
East patients, the findings of this study will have consider-
able value for ophthalmological practitioners in compar-
able populations and clinical settings.

All patients included in this study were previously
diagnosed with OAG and on an average of 2.69 topical
medications. All patients also suffered from a visually
significant cataract requiring extraction. Thus, by incorpor-
ating the iStent implantation into the conventional cataract
removal procedure, close to one third of the eyes assessed

Mean Number of Glaucoma Medicationsover Time

2.69+0.92
(range 1-4)

in this study ceased to require medication by the final
follow-up session (compared to 0% pre-operative) whilst
52.8% were receiving at least 2 fewer medications. The
mean decrease in the number of medications was 45.4%
(average 2.69 medications pre-surgery to 1.47 post-
surgery; P < 0.001). Mean IOP was significantly reduced
by 4 mmHg, a 23.1% reduction from baseline (P < 0.001).
Several landmark studies have established the importance
of even a 1 mmHg decrease in IOP. The Early Manifest
Glaucoma Trial showed a 10% lower risk of glaucoma
progression for every 1 mmHg IOP reduction.* Indeed, a 4
mmHg reduction as demonstrated in this study is clinically
relevant.

Several authors have published similar findings.'” " As
a case in point, Ferguson et al reported that after a period of
24 months, the mean IOP of patients who received an iStent
declined from 19.13 mmHg to 15.17 mmHg. This represents
a decrease of 21% (P < 0.0001).>° Additionally, in the same
study, the medication requirement for that cohort decreased
by 49% (P < 0.0001). Other studies showed that the mean

2
9
3
.-g 147 +£1.13
% {range 0-4) Table 2 Percent of Eyes per Number of Medications at Baseline
g and 12 Months/Last Follow-Up
£
2 AGM Baseline 12 Months/Last Follow-Up P-value
0 0% (0) 27.8% (10)
| 5.6% (2) 13.9% (5)
2 44.4% (16) 47.25(17) 0.010
Baseline (n=36) 12months or Last Follow up (n=36) 3 25% (9) 5.6% (2)
Time Point 4 25% (9) 5.6% (2)
Figure 3 Mean number of glaucoma medication over time. Abbreviation: AGM, anti-glaucoma medications.
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IOP reduction which resulted from iStent implantation ran-
ged from 10-43%.?'""** When accounting for this wide range,
the relationship between baseline IOP and post-operative
IOP is noteworthy. It has been reported in the related litera-
ture that the percentage of the reduction in IOP is higher for
patients who have a greater pre-operative IOP level.'” The
differences in IOP reduction across studies can also be
accounted for by the differences in study design (i.e. whether
medications were washed out prior to conducting the surgical
procedure and after surgery). In the presence of a washout,
the pre-operative IOP for an eye is likely to be greater hence
contributing to a greater degree of reduction. For illustration,
Craven et al assessed the pre-operative mean IOP in the
absence and presence of medication washout. They revealed
that the IOP was 18.6 mmHg and 25.4 mmHg, respectively.
Furthermore, the researchers in the same study reported that
the mean IOP at the 24-month follow-up was 17.1 mmHg
and the reduction without washout was significantly less than
the reduction with washout (8% and 32.7%, respectively).'
In the present study, the mean IOP reduction was statistically
significant and although the baseline IOP was relatively low
at 17.47 mmHg without medication washout, the reduction in
IOP falls in the middle of the range for the previously men-
tioned studies.'” >

It is well recognized that topical glaucoma medications
are associated with side effects and ocular surface damage
along with the burden of medication costs and office visits
and caregiver needs. In most instances, an increase in the
number of medications results in a decline in medication
adherence, a well know challenge with chronic medication
usage especially in the setting of glaucoma. This can
prevent achieving the consistent IOP reduction required
to minimise the risk of disease progression. A lower med-
ication burden may facilitate a more optimal adherence to
medication.®***® Moreover, dry eye is highly prevalent

2728 and the use of anti-

amongst the Saudi population
glaucoma medication can cause further damage to the
ocular surface. A reduction of topical anti-glaucoma med-
ications after ab interno trabecular bypass surgery may
improve the ocular surface. This would not only improve
the symptoms of dry eye but also increases the success rate
for further incisional glaucoma surgeries.''° It is note-
worthy that 27.8% of eyes were medication-free and that
the mean number of medications decreased by 45.4% from
pre-operative representing a decrease in at least 1
medication.

Given the varying degrees of severity in cases of glau-
coma, it is necessary to assess the results in the context of

the goal of surgical treatment considering the pre-operative
IOP, the number of medications and the target IOP. For
instance, in eyes with well-controlled pre-operative IOP
which is maintained with medication, the expected success
may be considered as a stabilisation of IOP with
a potential reduction in the number of medications. In
contrast, for patients with uncontrolled IOP, the main
expectation is likely to reduce IOP and together with
a maintenance or reduction in the number of medications.

Importantly, the present study also demonstrated that
eyes with a low medicated pre-operative IOP, ranging 8-10
mmHg, are still able to achieve positive outcomes from the
iStent procedure. In these eyes with already low IOP, med-
ication reduction was achieved while still maintain pressures
within target. Although the number of subjects in this sub-
group was small (n=4), these results are consistent with
those of the earlier study conducted by Seibold et al.**

For the duration of the surveillance period, the safety
profile of the present study was optimal. No patients were
exposed to intra-operative or post-operative complications
associated with the iStent procedure. Importantly, by the
final follow-up session, none of the patients required
further surgical intervention one year after stenting.
Furthermore, each patient’s conjunctiva was preserved.
This is important in the event that further invasive inter-
ventions are necessary. The high safety profile of this
study is consistent with other iStent studies reported in
the literature,'”!%21-23-30-31

This high degree of efficacy and the safety results of
iStent implantation combined with phacoemulsification
could alter the algorithm for the management of glaucoma.
The low complication rate and limited surgical time could
encourage a surgeon to conduct an early surgical interven-
tion, even as a preliminary step in the management of
newly diagnosed OAG patients in the presence of cataract.
At the same time, the patients will be encouraged to
undergo surgery as it can decrease there need to employ
topical medications with only an additional step to the
conventional cataract surgery with limited complications.

Although the cost of the iStent surgery could be
a concern to some patients and healthcare providers,
many studies have found that, with quality of life gains,
the iStent is a cost-efficient option to treat patients with
mild to moderate open-angle glaucoma.?>*¢-2

Since no controls were used in this study (i.e. patients
who underwent cataract removal without iStent implanta-
tion), it is not possible to separate the effects of cataract
removal on the IOP reduction from that of the iStent which
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is one of the limitations of this study. Nevertheless, the
mean reduction in IOP for this study’s cohort (approxi-
mately 4 mmHg) was two times that of the anticipated
reduction following phacoemulsification (approximately
1-2 mmHg) which was reported by Vizzeri et al.*?
Additionally, a case series conducted by Fea et al** com-
paratively examined the IOP outcomes of two groups of
patients. The study evaluated patients who underwent cat-
aract extraction alone compared to those who underwent
combined cataract extraction with iStent. The study found
that the iStent group was associated with considerably
lower numbers of medications and lower IOP values in
addition to favourable long-term outcomes in the reduction
of IOP."7

The lack of visual field tests and diurnal IOP assess-
ments are limitations of the present study. Diurnal IOP
assessments were not performed as they are not standard
clinical assessments although are included in large rando-
mized clinical trials.>' Additionally, as this is a real-world
study, pre-operative medication washout was not con-
ducted in the interests of preserving patient safety. In
terms of possible avenues for further research, the litera-
ture would benefit from additional data to comparatively
examine the impact of iStent in conjunction with phacoe-
mulsification to the sole application of phacoemulsifica-
tion. Another fruitful area to consider for further research
is the comparison of the effects of iStent with those of
other minimally-invasive glaucoma surgeries.

In conclusion, phacoemulsification with the implanta-
tion of iStent is an effective and safe procedure to lower
IOP. Furthermore, it reduces the need for glaucoma med-
ications, and assists in overcoming the problems asso-
ciated with medication non-adherence in OAG patients.
The iStent trabecular micro-bypass, a device with a high
benefit to risk profile augments the existing treatment
options for glaucoma. This is the first report of iStent
usage in Saudi eyes demonstrating its effectiveness across
patient populations.
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