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Purpose: The aim of this investigation was to evaluate the impact of iStent (the first-
generation trabecular bypass) implantation with phacoemulsification on the intraocular
pressure (IOP) and glaucoma medication in subjects with mild to moderate open-angle
glaucoma (OAG) and cataract in a Polish Caucasian population.

Patients and Methods: This prospective case series covered 78 eyes of (57 Polish Caucasian
patients) that had undergone iStent implantation in conjunction with cataract surgery. Patients
were surveyed preoperatively and at postoperative day 1, week 1, and months 1, 3, 6, 12, and 24.
Pre- and postoperative outcome measurements included visual acuity, IOP, and medication
burden. Intraoperative and postoperative complications were noted for the safety profile. For
effective treatment, an IOP reduction >20% was assumed, regardless of the use of IOP-lowering
drops. Complete surgical success was defined as an IOP < 15 mmHg, medications free, and
a qualified surgical success as IOP < 15 mmHg with or without medications.

Results: Post-operatively at two years, mean IOP reduced from 18.5 mmHg to 16.1 mmHg.
The mean medication burden dropped from 1.8 to 0.4 at the end of follow-up. Preoperatively,
2 (2.6%) eyes were medication free, but by postoperative month 24, 53 (68%) eyes were
medication-free (p < 0.05). Effective treatment was achieved in 50 cases (64%) at the end of
follow-up period. Kaplan—-Meier cumulative incidence of qualified success was 51.9% after
24 months, Clos [41.9%; 64.4%], while cumulative incidence of complete success after 2
years of observation was 35.1%, Clos [25.9%; 47.5%].

Conclusion: The iStent device combined with a cataract surgery served to decrease,
significantly and positively, both IOP and medication use in the 24-months follow-up in
patients with coexistent OAG and cataract in Polish patients.

Keywords: iStent first generation, trabecular by-pass, medication burden, microinvasive
glaucoma surgery, open-angle glaucoma

Introduction
The goal in treating glaucomatous neuropathy is to reduce the intraocular pressure
(IOP), which is the fundamental and only modifiable risk factor of glaucoma onset
and progression.'~

In open-angle glaucoma (OAG), the source of an elevated IOP is the expanded
resistance to aqueous humor drainage through the trabecular meshwork. Changes in
the trabecular meshwork’s extracellular matrix are considered to be a potential
cause of this heightened resistance.’

Trabeculectomy was the first choice surgery in glaucoma surgical treatment for

decades.” Notwithstanding, owing to the danger of serious adverse events, as well
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as a decline in its effectiveness over time after surgery,*>
the quest for more secure meticulous strategies is progres-
sing persistently. For more than 10 years, extended
exploration has been led on the utilization of low-
intrusive glaucoma medical procedure strategies, named
as microinvasive glaucoma medical procedure (MIGS).
These devices have created an increasing interest, espe-
cially during the recent years.® Ahmed and Saheb’
described MIGS group of treatments having the following
properties: Ab interno approach through a clear corneal
entry which spares the cutting of the conjunctiva; an
insignificantly traumatic procedure to the tissues; an
acceptable effective IOP reducing procedure; a high well-
being safety profile in contrast to other glaucoma medical
procedures, and a quick recuperation with negligible effect
on the patient’s personal compliance.” In 2014, the
American Glaucoma Society and the US Food and Drug
Administration (FDA) acknowledged that MIGS was
described by the implantation of surgical devices either
by an ab interno or an ab externo approach, in conjunction
with very little or no scleral dismemberment.® These

devices are suitable to be performed either as
a standalone procedure or in conjunction with
phacoemulsification.”'°

The iStent (Glaukos Corporation, San Clemente, CA)
is a heparin-covered L-formed device made of highly
biocompatible titanium. It has a length of 1.0 mm and
height of 0.33 mm, and a snorkel with a measurement of
approximately 120 um, and it is preloaded on a single-use
injector. At the junction when embedded via ab interno
approach, the snorkel is situated in the anterior chamber
angle and the open half-pipe lumen is anchored in the
Schlemm’s canal (SC). This appliance allows for reducing
the increased resistance the aqueous humor encounters at
the trabecular meshwork, and re-establishing a stable phy-
siologic flow through the SC. A substantial number of
studies have demonstrated significant long-term IOP
reduction and medication reduction following the implan-
tation of the iStent."''® Our previous study'® was focused
on physiology of aqueous outflow and was intended to
confirm the conclusions of work of Batista et al.'” Current
manuscript is a typical clinic research, and similar to

1820 its aim is to confirm the

recent population studies
results of iStent implantation combined with a cataract
surgery taking into consideration a Caucasian Polish
population.

The main objective of the current examination was to

evaluate the postoperative IOP and medication reduction

after combined trabecular micro-bypass stent implantation
and cataract phacoemulsification in an essentially Polish
patient population experiencing mild-to-moderate OAG
with coexisting cataract.

Patients and Methods

This is a prospective case series of 78 eyes (of 57 patients)
aged 40 years or older with mild-to-moderate glaucoma,
who qualified for the iStent first-generation implantation in
conjunction with phacoemulsification. The study followed
the tenets of the Declaration of Helsinki, and was
approved by the Bioethics Committee at the Military
Institute of Medicine (16/WIM/2013) and Bioethics
Committee of Medical University of Bialystok (UMB/21/
2014). Written informed consent was sought from all
patients before they were enrolled into the study. The
protocol adhered to the Methodology Sub-Committee and
European Glaucoma Society (EGS) recommendations.”'
The study was registered at ClinicalTrials.gov under the
number NCT03807869.

Inclusion criteria were as follows: the cataract which
had a significant effect on the visual acuity of the patients
and one of the following conditions: progression of glau-
coma in visual field (VF) confirmed by two consecutive
examinations by the Humphrey visual field analyzer (Carl
Zeiss AG, Germany) with SITA Standard 24-2 algorithm
in the course of primary open-angle glaucoma (POAG) as
well as pseudoexfoliative glaucoma (PXG), despite the use
of IOP-lowering medications (1 to 4 active ingredients) or
patients not tolerating or adhering to the treatment.

The glaucoma staging was described as a mean deviation
(MD) 0 to —6.0 dB (mild glaucoma) and MD from —6.01 to
—12.00 dB (moderate glaucoma). The IOP result was
obtained using the Goldmann applanation tonometry based
on the Glaucoma Intervention Study. The mean of two
consecutive measurements was used to determine the IOP.

Exclusion criteria were as follows: lack of consent for
study participation, severe proliferative diabetic retinopathy,
cloudy cornea, advanced macular degeneration, advanced
glaucoma, closed or narrow-angle glaucoma, history of
glaucoma surgical interventions (as well as trabeculoplasty),
and use of more than 4 IOP-lowering medications.

Surgical Technique

Surgeries were performed at two centres (Department of
Ophthalmology, Military Medical Institute in Warsaw and
Department of Ophthalmology Medical University in
Bialystok) by two surgeons (MR and JK) under topical
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anesthesia. Cataract phacoemulsification with implantation
of an artificial posterior-chamber lens insertion into the
capsular bag was first performed in all patients, and sub-
sequently, the implantation of the by-pass into the SC was
undertaken. A single first-generation iStent was entered
into the nasal quadrant of the SC through the existing
clear corneal temporal incision. A Swan-Jacobs gonio-
scope was used to visualize the angle with the technique
described previously.”>** At the end of the surgery, an
intracameral injection of cefuroxime was made. The eyes
were treated with post-operative moxifloxacin 0.5% one
drop four times a day for two weeks, steroids: loteprednol
0.5% one drop, twice daily for four weeks. The follow-up
visits took place on Day 1, Week 1, Months 1, 3, 6, 12
(M12), and 24 (M24).

Study Procedures

Detailed data on the patient demographics (age, sex), pre-
vious treatment, and surgical procedures were collected at
the preoperative visit. All the patients underwent a basic
examination, ie, IOP measurement, best-corrected visual
acuity (BCVA) obtained with the Snellen chart and con-
verted into decimal, and biomicroscopic examination of
the anterior segment and the fundus with detailed assess-
ment of the retina and optic nerve disc.

Gonioscopy (Goldman 3 mirror gonioscopy lens) was
assessed by the Schaffer classification.

Postoperatively: BCVA, 10P, and the number of IOP-
lowering medications were assessed, and the anterior seg-
ment and the fundus were examined at each control visit.
VF tests were performed at M12 and M24. Surgery-related
complications were noted on each visit. No IOP-lowering
medications were allowed from the day of the surgery.
When the target IOP was not obtained, the medications
EGS

recommendations.?' The amount of medication used was

were re-administered based on the

determined by the number of active ingredients.
Medication burden was described by the mean number of

medications taken, and by proportional analyses.

Surgical Success

For effective treatment, an IOP reduction >20% was
assumed, regardless of the use of IOP-lowering drops.
Complete surgical success was defined as an IOP < 15
mmHg, medications free, and a qualified surgical success
as [OP < 15 mmHg with or without medications.

Statistical Analysis
The
R program, version 3.5.1. The studied variables were pre-

statistical analysis was performed using the
sented using descriptive statistics. The normality of the
distribution of the quantitative variables was assessed
using the Shapiro—Wilk test, the indicators of skewness
and kurtosis of the data, and the visual assessment of the
histograms. Equality of variance was checked with the
Leven test. The comparison of changes in individual para-
meters between individual observation periods was per-
formed using the paired #-test or the Wilcoxon sum rank
test, depending on the fulfillment of the assumptions of the
parametric tests. The mean/median difference (MD) with
95% confidence level was also calculated as appropriate.
The significance level of o = 0.05 was used; all tests were

two-tailed.

Results

Demographic Data

A total of 78 eyes (of 57 patients) diagnosed with POAG
(81%) or PXG (19%) and concomitant cataract in the
mean age of 72.48 + 8.70 years were included into the
trial (Table 1).

Intraocular Pressure

Before surgery, the mean IOP was 18.44 + 3.5 mmHg. The
IOP reduction in comparison to the preoperative measure-
ments was —2.33 = 3.81 mmHg (—12,65 + 19%) and —2.70
+ 4.18 mmHg (-14.06 + 21%) at M12 and M24, respec-
tively. The preoperative IOP values were statistically sig-
nificantly and different from the IOP values at M12 and
M24 (p < 0.0001). Preoperatively, no eyes had an IOP <15
mmHg, increasing to 23.4% post-op. Confidence interval
at 95% (Clos) [13.8%, 35.7%] eyes at M12 and 32.9%,
Clos [22.5%, 44.6%] at M24. IOP data are summarized in
Tables 2 and 3.

Medication Burden

A statistically significant reduction in the medication burden
from preoperative to M24 was seen with p < 0.0001. In 8
patients (10.8%) there was a reduction of 3 medications, in
16 (21%) patients there was a reduction of 2 medications, in
39 (49%) cases, there was a reduction of 1 medication, there
were 10 patients (12.8%) in whom no change in the amount
of medication was observed. In 5 cases (6.4%) the amount of
IOP lowering drops had increased by 1 versus preopera-
tively. In 68 patients (87.2%), the IOP and the number of
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Table | Characteristics of the Patients

Characteristics n Level
N 78 100.0%
Sex, n (%)

Women 53 67.9%
Men 25 32.1%
Age, years, mean (SD) 77 72.48 (8.70)

Glaucoma, n (%)
JPOK 63 80.8%
PEX 15 19.2%
Follow-up time, months 77
Median (Q1;Q3) 24.00 (19.00;24.00)
Mean (SD) 2191 (5.16)

Number of drugs, median (Q1;Q3) 77 2.00 (1.00;4.00)

Number of drugs, n (%)

0 2 2.6%
| 35 45.5%
2 24 31.2%
3 Il 14.3%
4 3 3.9%
5 2 2.6%
VA baseline 78
Median (Q1;Q3) 0.50 (0.34;0.68)
Mean (SD) 0.56 (0.56)
IOP preop 78
Median (Q1;Q3) 18.00 (16.00;24.00)
Mean (SD) 18.44 (3.50)

Abbreviations: n, sample size; SD, standard deviation; JPOK, jaskre pierwotna
otwartego kata (open angle glaucoma); PEX, pseudoexfoliation glaucoma; QI,
quartile I; Q3, quartile 3; VA, visual acuity; IOP, intraocular pressure.

medications were reduced at M24 compared to the preopera-
tively values. In 73 patients (94.7%) the IOP values were
reduced or remained the same and the number of medica-
tions was reduced or remained the same compared to the
preoperative values (Table 4).

Preoperatively, 2 (2.6%) eyes were medication free, but
by the postoperative M24, 53 (68%) eyes were medica-
tion-free (p < 0.0500).

Success Rate

Effective treatment was achieved in 50 cases (64%) at the
end of follow-up period. Kaplan—-Meier cumulative inci-
dence of qualified success was 51.9% after 24 months,
Clos [41.9%; 64.4%], while cumulative incidence of com-
plete success after 2 years of observation was 35.1%, Clogs
[25.9%; 47.5%] (Figure 1).

Safety

Safety included the BCVA and intraoperative and post-
operative complications. There were no reports of allergy
or inflammation related to the iStent device.

We did not observe any significant intraoperative com-
plications regarding the iStent implantation or the cataract
surgery. In the first postoperative visit, microhyphema in the
anterior chamber, and corneal edema with Descemet’s folds,
were observed in seven eyes. All these cases spontaneously
resolved within a week, without any additional treatment.
Five cases of BCVA deterioration unrelated to the iStent
device were reported. These eyes developed posterior cap-
sular opacification and were treated with Nd: YAG capsu-
lotomy. Following the treatment, the BCVA was restored.

Discussion

The study aims to contribute to the existing literature of
MIGS while emphasizing its role in treating a Polish
Caucasian population with mild to moderate glaucoma
with concomitant cataract. In this trial, iStent implantation
in combination with phacoemulsification resulted in statisti-
cally significant IOP reduction. Considering that every 1
mmHg of IOP reduction results in an average 10% declined
risk of glaucoma progression, the additional 2.7 mmHg of
IOP lowering provided by the combined iStent and cataract
surgery is valuable, in addition to its coexisting good safety
profile.**** This study adds some clinical knowledge to our
previous study conclusions,'® in which we analyzed the
physiology of aqueous humor outflow and confirmed the
role of distal outflow tracts in regulation of IOP."”

The greatest advantage of iStent surgery is the reducing
or elimination of the medication burden, which is advisa-
ble, since protracted use of IOP-lowering medications may
lead to ocular surface impairment, hypersensitivity to the
formulation,”® or may even reduce the success rate of
a future trabeculectomy.?’ Adherence to medication treat-
ment regimens is known to be poor in patients diagnosed
with OAG, with a reported non-adherence of up to 80%.*
In addition to the IOP reduction, a substantial medication
burden reduction was observed in our study. A total of
68% of the eyes were medication-free at M24.

Our results are consistent with other population studies. In
the prospective case series of the Manchester iStent study in 40
patients of the United Kingdom population in the mean age of
76.8 years, Patel et al*’ reported similar preoperative IOP
levels (21.1 mmHg). Six months after surgery the mean IOP
dropped to 16.7 mmHg. The mean medication burden before
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Table 2 Change of Intraocular Pressure (IOP), Visual Acuity (VA) and Number of Medications After 12 Months and 24 Months of
Observation

Time n Mean (SD) Median (Range) MD (95% CI) p
IOP

Pre-op 78 18.44 +3.50 18.00 (16.00,24.00)

12th month 64 16.06+2.62 16.00 (11.00,27.00) —5.88 (-6.51, —4.70) <0.001
24th month 76 15.71£2.69 16.00 (10.50,23.00) —-6.23 (-7.11, -5.37) <0.001
VA

Pre-op 78 0.56+0.56 0.50 (0.01,5.00)

12th month 64 0.91£0.17 1.00 (0.20,1.00) 0.35 (0.18, 0.48) <0.001
24th month 75 0.90+0.19 1.00 (0.10,1.00) 0.34 (0.21, 0.48) <0.001
Drugs

Pre-op 77 1.79£1.03 2.00 (0.00,4.00)

12th month 63 0.46+0.84 0.00 (0.00,3.00) —2.00 (-2.50, —1.00) <0.001
24th month 50 0.52+0.95 0.00 (0.00,4.00) —2.00 (—2.50, —1.00) <0.001

Notes: MD — mean (for IOP, VA) or median (for drugs) difference calculated as 12th month minus pre-op or 24th month minus pre-op with 95% confidence interval. Time

periods compared with paired t-test (IOP, VA) or Wilcoxon rank sum test (drugs).

Abbreviations: IOP, intraocular pressure; VA, visual acuity; SD, standard deviation; MD, mean deviation.

Table 3 Change of Intraocular Pressure (IOP) After 12 Months and 24 Months of Observation

Period of Change n IOP Change (mmHg) IOP Change (%)

Mean (SD) Median (Range) Mean (SD) Median (Range)
12th month vs baseline 64 —2.33 + 3.81 —2,55 (—16.00;10.00) —10.65 + 19.68 —13.03 (—55.17,58.82)
24th month vs baseline 76 -2.70 + 4.18 —2,50 (—16.90,8.00) —12.06 = 21.15 —12.77 (-55.17,72.73)

Abbreviations: IOP, intraocular pressure; SD, standard deviation.

surgery was 2.3 and decreased to 0.6 at the end of follow-up.
Sixty-six percent of the patients was medication free at the end
of the observation period. Gallardo et al'® reported an IOP
reduction of 31% after three years in a mainly Hispanic
population of 167 patients with a mean age of 74.6 = 8.9
years. In his study, the mean preoperative IOP was 16.5
mmHg and it declined to 12.9 mmHg 12 months postopera-
tively. The mean medication burden decreased from 2.3 to 0.9
at the end of follow-up.

In the research performed in Asian populations, the
initial IOP was lower than in our study, since in these

Table 4 The Amount of Intraocular Pressure (IOP) Lowering
Medications Surgery and 24 Months Post-Op

Number of Drugs, Pre-Operatively, Post-Operatively, p value
n (%) n (%) n (%)

0 2 (2.6) 53 (68) 0.001

| 35 (45.5) 13 (18) 0.030

2 24 (31.2) 10 (12) 0.020

3 I (14.3) 2 (2.5) 0.040

4 5 (6.5) 0 0 0.001

nations the prevalence of normal-tension glaucoma
(NTG) is higher compared to the European population.*’
Kim and Lim®' conducted a retrospective research on the
Korean population of iStent standalone procedure (group
Solo) versus iStent combined with phacoemulsification
(group Combo) with results reported up to 12 months,
showing no statistically significant difference between
these groups. In the Combo group, preoperatively IOP
dropped from 15.8 £ 2.5 mmHg to 13.5 =+ 1.4mmHg,
and the mean medication burden declined from 1.8 = 1.0
to 0.3 + 0.7 medications at 12 months. The mean age of
the population at the time of surgery was 73.7 + 4.5 years.
Another study evaluating the iStent effectiveness on the
Asian population was the one conducted by Nitta et al*°
carried on a Japanese glaucoma population, which has
a significantly greater incidence of NTG than most other
populations. They enrolled 74 patients with a mean age of
73 years for implantation of the iStent combined with
phacoemulsification. Among them, there were 30% of
NTG. Mean baseline IOP was 16.5 + 3.4 mmHg, and the

mean number of IOP-lowering medication was 1.96 +
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Figure | Kaplan—Meier cumulative incidence of effective treatment and complete success. Dotted lines indicate 95% confidence interval. Complete success was defined as
an intraocular pressure (IOP) <I5 mmHg without drugs, the effective treatment success was defined as IOP < |5 mmHg with or without drugs.

0.98. After surgery, the mean IOP dropped to 13.2 mmHg
at M12 and 13.6 mmHg at M24, and the mean number of
medications dropped to 0.37 + 0.74 at 24 months postop.
They noted the reduction of IOP accounted to 20%, 11%,
and 19% in POAG, NTG, and PXG, respectively, versus
baseline IOP (18% mean). This number was similar to our
outcomes however we did not include NTG patients in our
group.

Recently Al Habash and Khan'® released interventional
case series on 33 Arabic patients. The mean baseline IOP
was 17.47 + 5.44 mmHg and the mean number of IOP
lowering medication was 2.69 + 0.92. Subsequently, at 12
months postoperatively, the IOP dropped to 13.44 + 1.99
mmHg (23.1% reduction) and the number of medication to
1.47 £ 1.13 (45.4% reduction). The mean age of this
population at the time of surgery (66.34 + 6.12 years)
was lower than in the other aforementioned studies.

The safety profile is similar among all analyzed studies
regardless of the population. None of the authors observed
serious complications like choroidal detachment, retinal
In the
Gallardo study, 2 patients required additional glaucoma

detachment, hypotony, and endophthalmitis.
surgery within the first 12 months postoperatively; how-

ever, the study included moderate-to-severe glaucoma

stages patients for which lower IOP is desirable.'” There
were no major post-surgery complications related to the
iStent and no vision deterioration noted in any eye. The
mean BCVA was significantly improved in the majority of
cases. There were no data of inflammation or allergy to the
device up to date. Most common complications in the
early postoperative period were corneal edema, inflamma-
tion, microhyphema, and transient IOP spikes.

The main strength of our study is that it is the first to
our knowledge to report iStent implantation as a treatment
for glaucoma in the Polish population. However, this study
is not without limitations. First, it did not proceed with
a wash-out period, so the unmedicated values of the IOP
postoperatively were compared with the medicated IOP
preoperatively. That might be the reason, for the unsub-
stantial drop of IOP given in mmHg. However, we believe
that it is more important to assess the effectiveness of
antiglaucoma procedures is the population efficacy rather
than the IOP drop. For this reason, we have highlighted the
number of patients meeting the surgical success criteria,
and those who are medication-free. Despite the limitations,
we believe that the study is relevant in providing evidence
for the performance and safety of the iStent in the Polish
population.
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Conclusion

The results of our study showing a successful iStent sur-
gery in a Polish Caucasian population which is consistent
with the knowledge reported in the data for other popula-
tions. The iStent in conjunction with the phacoemulsifica-
tion procedure decreased the medication burden and
reduced the IOP in glaucoma patients. These changes
were stable within the 24 months of the observation per-
iod. The study also demonstrates the high safety profile of
the iStent implantation with concomitant phacoemulsifica-
tion in patients with mild to moderate glaucoma. Further
research could examine the iStent usage combined with
a cataract surgery in a much larger, prospective setting.
Additionally, safety and performance of the iStent in
a long-term, practical setting in Poland may be explored.
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