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ABSTRACT

Introduction: This retrospective consecutive
study compared standalone implantation of
multiple (2–3) trabecular micro-bypass stents
(iStent inject ± iStent) (Multi-Stent group) vs
trabeculectomy ? mitomycin C (Trab group) in
moderate to severe open-angle glaucoma
(OAG).
Methods: Eligible patients underwent Multi-
Stent or Trab surgery from 2018 to 2020 and
had at least 3-month follow-up; visual field
mean deviation (VF MD) - 6 dB or worse;
inadequate prior response to maximum medi-
cations ± laser procedures; and had trabeculec-
tomy as their next planned intervention.
Primary effectiveness, safety-adjusted treatment
success, was defined as C 20% intraocular pres-
sure (IOP) reduction on the same or fewer
medications, without clinically significant
safety events (severe complications, secondary
surgeries, reinterventions). Secondary effective-
ness included mean IOP and medications;
qualified and complete attainment of target IOP
(B 21/18/15/12 mmHg and[6 mmHg); health-

economic and quality-of-life (QoL) measures;
and 2-vs-3-stent subgroup analysis.
Results: The baseline groups (n = 70 Multi-
Stent/40 Trab) were similar: mean IOP
(21.1 mmHg/22.3 mmHg); medications (2.87/
3.10 medications); disease stage (30%/35% sev-
ere); VF MD (- 10.1 dB/- 10.4 dB); and mean
last follow-up (LFU, 13.1 months/15.7 months)
(all differences non-significant). Primary effec-
tiveness: treatment success at LFU was 62.9% vs
30.0% in Multi-Stent vs Trab eyes, respectively
(p = 0.001). Secondary effectiveness: At LFU in
Multi-Stent vs Trab groups, respectively: mean
IOP decreased by 31% to 14.2 mmHg
(p\ 0.001) vs by 43% to 12.5 mmHg
(p\ 0.001); mean medications decreased by
51% to 1.31 medications (p\0.001) vs by 84%
to 0.43 medications (p\0.001). Multi-Stent
eyes, compared to Trab eyes, had fewer vis-
its ± reinterventions within 3 months (3.6 vs
6.1, p\0.001); longer time to first reinterven-
tion (12.2 months vs 4.5 months, p = 0.01);
fewer total reinterventions (0.26 vs 0.75,
p = 0.006); and earlier lifting of postoperative
restrictions (12.6 vs 32.1 days, p\ 0.001). In
2-vs-3-stent analysis, there was a trend toward
more 3-stent eyes achieving target IOP than
2-stent eyes. Visual fields remained stable in
both Multi-Stent and Trab eyes.
Conclusion: Implanting 2–3 trabecular micro-
bypass stents was a viable alternative to tra-
beculectomy for moderate-to-severe OAG, with
clinically appropriate IOP/medication
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reductions and higher safety-adjusted treatment
success vs trabeculectomy.

Keywords: Intraocular pressure; iStent; iStent
inject; Micro-invasive glaucoma surgery (MIGS);
Safety; Severe; Trabecular micro-bypass;
Trabeculectomy

Key Summary Points

Why carry out this study?

There is continued need for glaucoma
treatment options with improved safety
profiles alongside clinically sufficient IOP
lowering, particularly in patients with
more advanced disease severity who
otherwise might necessitate filtration
surgery.

This novel comparative cohort study
contributes some of the first head-to-head
data comparing a standalone trabecular
micro-invasive glaucoma surgery (MIGS)
device with standard
trabeculectomy–mitomycin C (MMC) in
the treatment of moderate and severe
glaucoma.

This retrospective study examined
whether implantation of 2–3 trabecular
micro-bypass stents (iStent inject ± iStent)
could indeed offer a viable lower-risk
alternative to trabeculectomy.

What was learned from the study?

Multi-Stent implantation produced
clinically appropriate IOP and medication
reductions in eyes with moderate to severe
glaucoma, with significantly higher rates
of safety-adjusted treatment success than
trabeculectomy–MMC. These findings
show that this Multi-Stent intervention
indeed is a viable alternative to filtration
surgery.

Multi-Stent eyes also outperformed Trab
eyes in health-economic and quality-of-
life (QoL) endpoints; 2-vs-3-stent
subgroup analysis showed a clear trend
toward more 3-stent eyes achieving target
IOP than 2-stent eyes.

INTRODUCTION

Known in literary works as the ‘‘silent thief of
sight,’’ glaucoma has always been a top cause of
human blindness, with patients ranging from
historical luminaries like Galileo to present-day
readers of this article. All currently available
glaucoma treatments revolve around lowering
intraocular pressure (IOP), whether by medical,
laser, or surgical means. These interventions are
typically employed in a stepwise fashion, using
the least invasive treatment possible to effect
the necessary IOP reduction. A longstanding
mainstay of glaucoma surgical options is tra-
beculectomy, which significantly lowers IOP
and is often considered a reference standard
against which other surgical modalities may be
compared. Although effective in reducing IOP,
trabeculectomy is also associated with consid-
erable short-term safety risks and long-term
morbidity [1–3].

Over the past decade, the range of glaucoma
surgical options has expanded considerably,
most notably because of the advent and
increasing utilization of micro-invasive glau-
coma surgery (MIGS) [4]. MIGS procedures and
devices are characterized by a minimally inva-
sive (usually ab interno) surgical approach,
shortened recovery time, and minimal tissue
manipulation. They are designed to have a
better safety profile than traditional tra-
beculectomy, while still yielding clinically
meaningful (though comparatively smaller) IOP
reduction [5].

To date, the MIGS devices with the largest
and longest-term evidence base are the iStent
and iStent inject trabecular micro-bypass stents.
As cited in a recent press release [6], there are
now over 200 peer-reviewed scientific publica-
tions supporting the effectiveness and safety of
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iStent and iStent inject. These include studies in
combined or standalone usage, single or multi-
ple-stent placement, different racial groups,
various glaucoma subtypes (e.g., pseudoexfo-
liative, pigmentary, narrow-angle, normal-ten-
sion), and different glaucoma severities (from
ocular hypertensive to severe) [7–38]. The liter-
ature also includes studies on the cost-effec-
tiveness, cost–utility, and QoL benefits of iStent
and iStent inject [39–46]. And recently, a num-
ber of wholly independent, investigator-initi-
ated studies showed superior efficacy and safety
with iStent or iStent inject than with other MIGS
devices [47–51]. Meanwhile, as traditional fil-
tration surgeries such as trabeculectomy have
long been a central part of glaucoma treatment,
the literature is replete with studies evaluating
them.

Despite the wealth of evidence on either
side, minimal comparative data exist regarding
the outcomes of trabeculectomy versus a MIGS
device; most of these MIGS-vs-trabeculectomy
studies have been completed with the subcon-
junctival XEN gelatin microstent (Allergan,
Dublin, Ireland) [53–55]. Like trabeculectomy,
the XEN stent provides a conduit between the
anterior chamber and the subconjunctival
space, and requires concomitant application of
mitomycin C to prevent fibrosis (MMC) [52].
These comparative studies have generally
shown smaller IOP and medication reductions
after XEN implantation than after trabeculec-
tomy, but with relatively fewer complications
[53–55]. Unfortunately, the incidence of
adverse events and procedure-related reinter-
ventions (such as bleb needling) after XEN is
still appreciable, so most surgeons reserve it for
their more advanced or refractory patients,
whose disease severity warrants the potential
risks of the intervention.

The present retrospective comparative study
analyzed the ability of multiple (2–3) trabecular
micro-bypass stents vs trabeculectomy to
achieve significant IOP and medication reduc-
tions while preserving favorable safety and
avoiding sight-threatening complications. As
such, it marks one of the first direct compar-
isons of a standard filtration procedure vs a
trabecular MIGS procedure, completed by a
single surgeon in a single location and drawing

from the same population of glaucomatous eyes
with comparable baseline characteristics and
surgical goals.

METHODS

Study Design and Participants

This retrospective cohort study compared out-
comes of consecutive patients with moderate to
severe OAG [including primary OAG (POAG),
pigmentary glaucoma (PG), and pseudoexfolia-
tive glaucoma (PXG)] who underwent either
standalone implantation of 2 or 3 trabecular
micro-bypass stents (iStent inject with/without
concomitant iStent) (Multi-Stent group) or
standalone trabeculectomy with mitomycin C
application (Trab group). Surgeries were per-
formed from January 2018 to December 2020 by
a single glaucoma surgeon in Brazil (R.G.).

A standalone antiglaucoma procedure was
offered to all patients. The benefits and risks,
advantages and disadvantages, and patient-
specific suitability (e.g., duration of surgery,
individual ability to complete postoperative
care, complications, cost, personal preference,
caregiver support) of multiple stents and tra-
beculectomy were discussed with each patient.
Since trabecular micro-bypass stents are an ab
interno, tissue-preserving intervention, Multi-
Stent patients retained the option of undergo-
ing trabeculectomy in the future, should their
IOP reduction not be sufficient to prevent VF
progression. Once consensus was reached, the
patient gave written informed consent prior to
undergoing surgery. Anonymized retrospective
data analysis was undertaken in accordance
with the Tenets of the Declaration of Helsinki
and with the approval of the Ethics Committee
of Santa Casa de Misericórdia Hospital (approval
number 21327319.5.0000.5139). Clinical trial
registration was not required because of the
retrospective design of the study, as patients
had already received treatment. iStent and
iStent inject are approved for standalone
implantation in Brazil.

All charts of patients who underwent either
standalone implantation of 2 or 3 trabecular
micro-bypass stents or standalone
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trabeculectomy with mitomycin C application
and who had a minimum 3 months of follow-
up were reviewed for potential inclusion. Eligi-
bility criteria at the preoperative visit were as
follows: minimum of 18 years old; diagnosis of
OAG (including POAG, PG, or PXG); phakic or
pseudophakic; on oral and/or topical glaucoma
medications; at risk for filtration surgery (i.e.,
patients would otherwise be scheduled for tra-
beculectomy); and inadequate prior response to
maximum tolerated medical therapy and/or
glaucoma laser procedures. Patients were
required to have moderate or severe glaucoma
stage per standard visual field criteria, defined as
follows: mild, mean deviation (MD) no worse
than - 6 dB; moderate, MD worse than - 6 dB
but no worse than - 12 dB; severe, MD worse
than - 12 dB [56]. Eyes were excluded if they
had undergone prior incisional glaucoma sur-
gery; had active ocular inflammation; or had
clinical characteristics making them ineligible
for either procedure (e.g., angle closure, corneal
pathology precluding stent visualization, con-
junctival erosion precluding bleb formation),
prior to treatment with trabecular micro-bypass
stents or trabeculectomy.

Ab Interno Trabecular Micro-Bypass Stent
Implantation

The iStent and iStent inject devices and
implantation procedures have been described in
detail previously [7, 25]. In brief, for either
device, the respective injector is advanced
under direct gonioscopy through a temporal
peripheral clear corneal incision and across to
the nasal trabecular meshwork. The stent is
implanted through the meshwork into Sch-
lemm’s canal, via a slightly diagonal approach
(iStent) or via a direct/en face approach (iStent
inject). With iStent inject, a second stent is
implanted approximately 60–90� (2–3 clock
hours) away from the first without exiting the
eye. The stents and their implantation location
are depicted in Fig. 1a, b. In this particular
study, some patients received three stents; in
these patients, the surgeon first implanted the
two iStent inject stents, then re-entered through
the same incision to implant a single iStent.

Following insertion of two (or three) stents,
proper placement and seating in the trabecular
meshwork were confirmed under intraoperative
gonioscopy. Figure 2a, b shows in vivo gonio-
scopic images of 2 or 3 implanted stents. Vis-
coelastic was then removed and sealing of the
corneal incision was ensured.

Trabeculectomy

Before dissecting a fornix-based conjunctival
flap, the surgeon completed a subconjunctival
injection at the area of the future bleb of a
mixed solution of 0.1 ml of 2% lido-
caine ? 0.1 ml of 0.2 mg/ml mitomycin C. A
slight cauterization was then performed. A par-
tial-thickness 4 mm 9 4 mm scleral flap was
prepared, followed by creation of a temporal
paracentesis, sclerostomy, and peripheral iri-
dectomy. The scleral flap was closed using four
10-0 nylon sutures in a manner allowing aque-
ous humor to exit posteriorly [57], and the
conjunctiva was closed using the standard
method for fornix-based flaps [58]. The presence
and patency of the bleb were confirmed.

Postoperative Management

No medication washout was completed prior to
surgery, as this would not have been appropri-
ate within the surgeon’s standard practice.
Postoperatively, eyes undergoing multi-stent
implantation were prescribed topical antibiotic
(moxifloxacin 4 times daily for 1 week) and
topical anti-inflammatory medication (dexam-
ethasone 4 times daily tapered over 4 weeks);
eyes undergoing trabeculectomy were pre-
scribed topical antibiotic (moxifloxacin 4 times
daily for 1 week) and topical anti-inflammatory
medication (dexamethasone 6 times daily
tapered over 8 weeks). Per surgeon custom,
postoperative restrictions in both groups were
comprehensive and cautious. They included the
following: (a) avoid compressing the eye globe
(may include use of a shield while sleeping),
(b) avoid exercise and heavy lifting, and
(c) avoid crowded places such as malls, schools,
and large gatherings. Restrictions were lifted
incrementally as the patient recovered, until all
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restrictions had been removed (this time point
was recorded as the ‘‘time to lifting all postop-
erative restrictions’’).

Effectiveness Outcomes: Primary,
Secondary, and Subgroup Analyses

The primary effectiveness outcome was the pro-
portion of eyes achieving safety-adjusted treat-
ment success after standalone multi-stent or
trab surgery. Safety-adjusted treatment success
was defined as a 20% or greater IOP reduction
from baseline on the same or fewer medica-
tions, and without clinically significant safety

events (comprising severe complications, sec-
ondary glaucoma surgery, or procedure-related
reinterventions; Table 1). These criteria for
treatment success and failure are consistent
with the criteria used in the US Food and Drug
Administration (FDA) product-registration trials
for the XEN gel stent [52] and for the three-
stented iStent infinite trabecular micro-bypass
device [59]. These are the two MIGS devices that
address a patient population with similarly
advanced glaucoma severity as the present
cohort. As such, they were considered the most
directly relevant MIGS comparators to help
guide the design of the present MIGS-vs-tra-
beculectomy study.

Reten�on 
Arches

Self-Trephining
Tip

Snorkel
(.250 mm Long)

Rail
(Only one rail

is visible)

Stent Height 
(.330 mm)

Body (1.00 mm Long)

Snorkel Inside 
Diameter (120 μm)

CCentral Outlet 
80 μm diameter

360 
μm

230 μm 
diameter

Head resides in 
Schlemm’s canal

Thorax resides in the 
trabecular meshwork

Flange resides in the 
anterior chamber

Central Inlet 
(not visible)
80 μm diameter

Side Flow Outlets (x4)
50 μm diameter each

iStent iStent inject
(a) (b)

Fig. 1 a iStent device and implantation location. b iStent inject device and implantation location
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Secondary effectiveness outcomes included
mean IOP, mean medication burden, and suc-
cess rates according to traditional World Glau-
coma Association (WGA) guidelines advised for
glaucoma clinical trials, which have minimal to
no adjustment for different safety profiles

between procedures [60]. These endpoints
included the percentage of eyes with qualified
or complete attainment of various upper IOP
limits (IOP B 21 mmHg, B 18 mmHg,
B 15 mmHg, or B 12 mmHg) and one lower

Intraopera�ve gonioscopic
visualiza�on of 2 implanted 

stents (iStent inject)

Intraopera�ve gonioscopic
visualiza�on of 3 implanted stents

(from top to bo�om of image: 
iStent + iStent inject)

(a) (b)

Fig. 2 a Intraoperative gonioscopic visualization of 2 implanted stents (iStent inject). b Intraoperative gonioscopic
visualization of 3 implanted stents (from top to bottom of image: iStent inject ? iStent)

Table 1 Clinically significant safety events

(a) Severe safety complications

IOP\ 6 mmHg occurring at 1 month postoperative or later

Clinically significant hypotony at any time point (hypotony associated with consequent surgical intervention, maculopathy,

flat anterior chamber requiring reformation, corneal folds, choroidal effusions requiring drainage, choroidal detachment,

suprachoroidal hemorrhage)

Diplopia

BCVA loss C 2 lines vs preoperative BCVA

Bleb leak

Blebitis or endophthalmitis

(b) Secondary glaucoma surgery or laser procedure (e.g., tube shunt, selective laser trabeculoplasty, etc.)

(c) Procedure-related reinterventions (e.g., suture lysis, bleb needling, goniosynechiolysis)

The occurrence of one or more of these events constituted a treatment failure
BCVA best-corrected visual acuity
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limit (IOP\ 6 mmHg), without adjusting for
safety.

Additionally, given increasing awareness and
appreciation of cost- and patient-centric out-
comes in the ophthalmic community, proxy
measures relating to health economics and
quality of life (QoL) were incorporated. Specifi-
cally, we measured the mean time to lifting all
postoperative restrictions, which may be
thought to represent the potential number of
days of diminished wages, additional caregiver
costs, and/or decreased QoL. Other outcomes
included the mean number of clinic visits and
reinterventions within the first 3 months post-
operative; mean total number of reinterven-
tions throughout follow-up; and mean time to
first reintervention. These outcomes were con-
sidered by the surgeon to be informative and
responsive indicators of overall cost–benefit and
QoL of patients during the months following
their surgery.

Subgroup analyses were completed for eyes
receiving 2 stents or 3 stents, in order to discern
potential differences in performance. Specifi-
cally, we measured the rates of qualified or
complete attainment of IOP B 18 mmHg,
B 15 mmHg, or B 12 mmHg in the two sub-
groups. These three targets were evaluated
(rather than the single safety-adjusted treat-
ment success endpoint), to allow for more sen-
sitive detection of potential differences between
the subgroups.

Safety Outcomes

Safety data included visual field testing, best-
corrected visual acuity (BCVA), slit-lamp and
fundus examinations, gonioscopy, pachymetry,
and documentation of adverse events (AEs),
secondary surgeries, and reinterventions.
Assessments were completed according to the
surgeon’s standard postoperative schedule,
which generally included visits at the following
time points: preoperative, day 1, week 1,
week 2, and months 1, 3, 6, 9, 12, 18, and 24.

Statistical Analysis

Subjects’ preoperative demographic and ocular
characteristics were described by mean and
standard deviation for continuous (numerical)
variables, and by absolute and relative fre-
quencies for categorical variables. For between-
group comparisons, continuous variables were
first assessed with Levene’s test for equality of
variances, followed by analysis via a two-tailed
Student’s t test (if equal variances) or a non-
parametric test such as Kruskal–Wallis or
Mann–Whitney (if unequal variances). The chi-
square test (either Pearson chi-square or Fisher’s
exact) was used for the analysis of categorical
variables. Changes from baseline in mean IOP
and medications were calculated for each group
using a paired t test.

Kaplan–Meier survival analyses were con-
structed to illustrate the time to treatment fail-
ure, according to the aforementioned safety-
adjusted failure definition. Comparisons of the
survival curves were performed with the log-
rank (Mantel–Cox) test. Additionally, although
sample sizes were small, an exploratory sub-
group analysis was completed to compare
effectiveness outcomes of the 2-stent vs 3-stent
subgroups. Either the test of proportions or the
Fisher’s exact test was used for these
comparisons.

Statistical analysis was performed using SPSS
or Stata, with the significance threshold set at a
p value under 0.05. No sample size calculations
were indicated in this retrospective analysis.

RESULTS

Study Population

A total of 110 eyes (70 Multi-Stent, 40 Trab)
were included in this study. Follow-up duration
ranged from 3 to 24 months postoperative
(mean follow-up 13.1 months and 15.7 months
for Multi-Stent and Trab eyes, respectively;
p = 0.112). The baseline demographic and ocu-
lar characteristics were reflective of a moderate
to severe glaucoma population, and were very
similar between groups (Table 2). This included
mean medicated IOP (21.1 and 22.3 mmHg,
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Table 2 Demographic and baseline ocular characteristics, Multi-Stent and Trab groups

Characteristics Multi-Stent
(n = 70)

Trab–MMC
(n = 40)

p value (between-group
comparison)a

Demographic

Age (years)

Mean ± SD 69.3 ± 14.2 66.9 ± 14.1 0.395

Follow-up (months)

Mean ± SD (range) 13.1 ± 8.3 (3 to

24)

15.7 ± 7.3 (6 to 24) 0.112

Gender

Male 21 (30.0%) 17 (42.5%) 0.185

Female 49 (70.0%) 23 (57.5%)

Race

Caucasian 57 (81.4%) 33 (82.5%) 1.00

African descent 8 (11.4%) 4 (10.0%)

Other 5 (7.1%) 3 (7.5%)

Ocular

Glaucoma type

POAG 65 (92.9%) 36 (90.0%) 0.772

Pigmentary 3 (4.3%) 3 (7.5%)

Pseudoexfoliative 2 (2.9%) 1 (2.5%)

Glaucoma stageb

Moderate 49 (70%) 26 (65%) 0.588

Severe 21 (30%) 14 (35%)

Prior glaucoma procedure

Yes 11 (15.7%) 4 (10.0%) 0.401

No 59 (84.3%) 36 (90.0%)

Filtration surgery (trab or tube

shunt)

0 (0%) 0 (0%)

Selective laser trabeculoplasty 11 (15.7%) 4 (10.0%)

Duration of med use

Fewer than 5 years 34 (48.6%) 16 (40.0%) 0.386

5–10 years 24 (34.3%) 19 (47.5%)

More than 10 years 12 (17.1%) 5 (12.5%)

Diamox use
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respectively); number of medications (2.87 and
3.10 medications); glaucoma type (primary
OAG in[ 90% of eyes); glaucoma severity (30%
and 35% with severe disease); and visual field
mean deviation (- 10.1 and - 10.4 dB) (all
differences not significant). The only baseline
ocular parameter differing between groups was
lens status (higher percentage of pseudophakic
eyes in Multi-Stent group than in Trab group).

Primary Effectiveness Outcome: Safety-
Adjusted Treatment Success

By the time of last follow-up, safety-adjusted
treatment success was 62.9% in the Multi-Stent
group and 30.0% in the Trab group (p = 0.001).
In Kaplan–Meier survival analysis, the proba-
bility of treatment success through 24-month
follow-up was observationally higher in the
Multi-Stent group (48.6%) than in the Trab
group (32.5%) [log-rank (Mantel–Cox)
p = 0.136] (Fig. 3). The mean survival time was

13.1 months in the Multi-Stent group [95%
confidence interval (CI) 9.9–13.9 months] and
9.9 months in the Trab group (95% CI
6.9–13.0 months).

Secondary Effectiveness Outcomes

Mean Intraocular Pressure
There was no significant difference between the
Multi-Stent and Trab groups in the percentage
of eyes achieving IOP reduction C 20% vs
baseline on the same or fewer medications
(72.9% and 82.5%, respectively; p = 0.252).
Preoperatively, mean IOP was 21.1 and
22.3 mmHg in the Multi-Stent and Trab groups,
respectively. After surgery, mean IOP from 1 to
24 months of follow-up ranged from 13.4 to
15.0 mmHg in Multi-Stent eyes, reflecting a
reduction of 6.1–7.7 mmHg versus preoperative
(29–36%, based on means; p\0.001 at all time
points). In Trab eyes, mean IOP from 1 to
24 months ranged from 11.4 to 12.6 mmHg, a

Table 2 continued

Characteristics Multi-Stent
(n = 70)

Trab–MMC
(n = 40)

p value (between-group
comparison)a

Yes 1 (1.4%) 2 (5.0%) 0.299

No 69 (98.6%) 38 (95.0%)

Lens status

Phakic, n (%) 14 (20.0%) 18 (45.0%) 0.005

Pseudophakic, n (%) 56 (80.0%) 22 (55.0%)

Visual field mean deviation, dB

Mean ± SD - 10.13 ± 2.94 - 10.47 ± 3.28 0.575

Baseline IOP, mmHg

Mean ± SD 21.1 ± 3.0 22.3 ± 3.8 0.073

Baseline # meds

Mean ± SD 2.87 ± 0.80 3.10 ± 0.63 0.123

Multi-Stent multiple stents [eyes implanted with 2–3 trabecular micro-bypass stents (iStent inject ± iStent)], Trab–MMC
trabeculectomy with mitomycin C, SD standard deviation, IOP intraocular pressure, Med medication
aVia Student’s t test for continuous variables; or chi-square test (Pearson chi-square or Fisher’s exact) for categorical variables
bPer standard Hodapp–Parrish–Anderson visual field criteria: mild, mean deviation (MD) no worse than - 6 dB; mod-
erate, MD worse than - 6 dB but no worse than - 12 dB; severe, MD worse than - 12 dB [56]

Ophthalmol Ther (2022) 11:271–292 279



reduction of 9.7–10.9 mmHg versus preopera-
tive (43–49%, based on means; p\0.001 at all
time points) (Fig. 4a). At the last follow-up,
mean IOP was 14.2 mmHg in Multi-Stent eyes
(31% reduction, based on patients’ individual
paired IOPs; p\ 0.001) and 12.5 mmHg in Trab
eyes (43% reduction, based on patients’ indi-
vidual paired IOPs; p\ 0.001) (between-group
comparison of percentage reduction, p = 0.006)
(Fig. 4b).

Mean Medication Burden
Preoperatively, the mean number of medica-
tions was 2.87 and 3.10 medications in the
Multi-Stent and Trab groups, respectively. After
surgery, mean number of medications from 3 to
24 months of follow-up ranged from 1.24 to
1.62 medications in Multi-Stent eyes, reflecting
a reduction of 1.25–1.63 medications versus
preoperative (44–57%, based on means;
p\0.001 at all time points); in Trab eyes, mean
postoperative medication number ranged from
0.15 to 0.95 medications, a reduction of
2.15–2.95 medications versus preoperative
(69–95%, based on means; p\0.001 at all time
points) (Fig. 5a). At the last follow-up, the mean
medication burden was 1.31 medications in
Multi-Stent eyes (51% reduction based on

patients’ individual paired medications,
p\0.001) and 0.43 medications in Trab eyes
(84% reduction based on patients’ individual
paired medications, p\0.001) (between-group
comparison of percentage reduction, p\ 0.001)
(Fig. 5b).

Traditional (Unadjusted) WGA IOP Endpoints
The proportions of eyes with qualified or com-
plete attainment of target IOP B 21 mmHg,
B 18 mmHg, B 15 mmHg, and B 12 mmHg,
without adjusting for complications and rein-
terventions, are given in Table 3. There was no
significant difference between the Multi-Stent
and Trab groups in the proportion of eyes with
qualified attainment of target IOP B 21 mmHg,
B 18 mmHg, or B 15 mmHg; the remaining
upper-limit thresholds were attained by more
Trab than Multi-Stent eyes.

Health Economics and QoL
Additional effectiveness outcomes were mea-
sured to serve as proxy outcomes related to
health economics and QoL. These included the
mean number of clinic visits and/or reinter-
ventions within the first 3 months postopera-
tive; mean total number of reinterventions
throughout follow-up; mean time to first

Treatment Success at 
Last Follow-Up:*

Multi-stent:  62.9% 
Trab:  30.0%

(p=0.001)

*Defined as a 20% or greater IOP reduction from baseline on the same or fewer medications, without clinically 
significant safety events (listed in Table 2). Last follow-up duration =15.7 months (Multi-Stent) or 13.1 months (Trab)
† Log-Rank (Mantel-Cox)
M, month.  

Mean Survival Time:
Multi-stent: 13.1 months

(95% CI: 9.9 – 13.9)
Trab: 9.9 months

(95% CI: 6.9 – 13.0)

Cumulative Survival over 24M:
Multi-stent:  48.6% 

Trab:  32.5%
(p=0.136)†

Fig. 3 Kaplan–Meier survival analysis of safety-adjusted treatment success through 24 months, Multi-Stent and Trab
groups
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reintervention; and mean time to lifting all
postoperative restrictions. During the first

3 months postoperative, an average of 3.6 visits
were needed for Multi-Stent eyes vs 6.1 visits for
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IOP, intraocular pressure; Trab, trabeculectomy + mitomycin C; M, month
*Statistical analysis based on means; analysis completed for visits from 1 to 24 months.

BOTH GROUPS:
Significant reduc�on vs preopera�ve at all visits (P<0.001)*

Visit (# months) Preop 1M 3M 6M 9M 12M 18M 24M

n, Mul�-Stent 70 70 70 61 58 54 26 17

n, Trab 40 40 40 40 30 30 20 14
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*P<0.001 *P<0.001 

IOP, intraocular pressure; Trab, trabeculectomy + mitomycin C
*Statistical analysis based on patients’ paired individual IOP’s

(a)

(b)

Fig. 4 a Mean IOP over time in Multi-Stent and Trab groups, all available eyes at each visit. b Mean IOP at last follow-up
vs preoperative in Multi-Stent and Trab groups
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Trab eyes (p\0.001). Multi-Stent eyes had
approximately threefold longer time before first

reintervention than Trab eyes (12.2 vs
4.5 months, respectively, p = 0.01) and

2.87
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*Statistical analysis based on means; analysis completed for visits from 3 to 24 months

BOTH GROUPS:
Significant reduc�on vs preopera�ve at each visit (P<0.001)*

Visit (# months) Preop 3M 6M 9M 12M 18M 24M

n, Mul�-Stent 70 70 61 58 54 26 17

n, Trab 40 40 40 30 30 20 14
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*P<0.001 *P<0.001 

Trab, trabeculectomy + mitomycin C
*Statistical analysis based on patients’ paired individual medication burdens

(a)

(b)

Fig. 5 a Mean number of medications over time in Multi-Stent and Trab groups, all available eyes at each visit. b Mean
number of medications at last follow-up vs preoperative in Multi-Stent and Trab groups
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Table 3 Traditional (unadjusted) WGA IOP endpoints at last follow-up, Multi-Stent and Trab groups

IOP outcome Multi-Stent (n = 70) Trab–MMC (n = 40) p value (between-group comparison)a

Qualified IOP (± medication), upper limits

B 21 mmHg 69 (98.6%) 38 (95.0%) 0.269

B 18 mmHg 64 (91.4%) 36 (90.0%) 0.802

B 15 mmHg 52 (74.3%) 34 (85.0%) 0.191

B 12 mmHg 24 (34.3%) 25 (62.5%) 0.004

Complete IOP (medication-free), upper limits

B 21 mmHg 20 (28.6%) 29 (72.5%) \ 0.001

B 18 mmHg 19 (27.1%) 29 (72.5%) \ 0.001

B 15 mmHg 18 (25.7%) 27 (67.5%) \ 0.001

B 12 mmHg 9 (12.9%) 21 (52.5%) \ 0.001

IOP lower limit,\ 6 mmHg

\ 6 mmHg 0 (0.0%) 1 (2.5%) 0.184

Unadjusted for safety; outcomes according to World Glaucoma Association (WGA) guidelines [60]
WGA World Glaucoma Association
aVia Student’s t test for continuous variables; or chi-square test (Pearson chi-square or Fisher’s exact) for categorical variables

Table 4 Outcomes related to health economics and quality of life

Outcome Multi-Stent
(n = 70)

Trab–MMC
(n = 40)

p value (between-group
comparison)b

Time to first reintervention (months)

n (%) of eyes affected 9 (12.9%) 22 (55.0%)

Mean (SD) 12.2 (6.0) 4.5 (7.5) 0.01

Average number of reinterventions per eye, mean

(SD)

0.26 (0.81) 0.75 (1.01) 0.006

Number of visits during the first 3 months, mean

(SD)

3.6 (0.7) 6.1 (1.6) \ 0.001

Time to removal of all postoperative restrictions

(days)a, mean (SD)

12.6 (3.8) 32.1 (7.1) \ 0.001

aDefined as the point at which the patient is no longer under instructions to (a) avoid compressing the eye globe (includes
use of a shield while sleeping), (b) avoid exercise and heavy lifting, and/or (c) avoid crowded places such as malls, schools,
large gatherings, etc.
bVia Student’s t test for continuous variables; or chi-square test (Pearson chi-square or Fisher’s exact) for categorical variables
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threefold lower total number of reinterventions
during follow-up (0.26 vs 0.75 mean reinter-
ventions, respectively; p = 0.006). The mean
time to lifting all postoperative restrictions was
12.6 days for Multi-Stent eyes vs 32.1 days for
Trab eyes (p\ 0.001). Table 4 summarizes these
findings.

2-Stent vs 3-Stent Subgroup Analysis
An exploratory subgroup analysis was com-
pleted to compare the ability of 2-stent (n = 34)
vs 3-stent (n = 36) eyes to achieve qualified or
complete IOP endpoints (IOP B 18 mmHg,
B 15 mmHg, or B 12 mmHg). For all three IOP
targets, and for both qualified and complete
definitions of success, the rates of target IOP
attainment were higher in 3-stent than in
2-stent eyes. The difference was apparent in all
between-group comparisons; statistical signifi-
cance was reached in two. Table 5 shows the
results of all comparisons with statistical
testing.

Safety Outcomes

Safety data included visual field testing, BCVA,
slit-lamp and fundus examinations, gonio-
scopy, pachymetry, and documentation of
adverse events (AEs), secondary surgeries, and
procedure-related reinterventions. Assessments
were recorded at the following visits: preopera-
tive, operative, day 1, week 1, week 2, and
months 1, 3, 6, 9, 12, 18, and 24.

Average VF MD was compared between the
preoperative and postoperative visits in both
groups. No significant decline was observed in
either group: - 10.13 dB preoperative vs
- 10.09 dB postoperative in Multi-Stent eyes,
and - 10.47 dB preoperative vs - 10.23 dB
postoperative in Trab eyes. Likewise, patients’
glaucoma severity (i.e., moderate or severe,
based on standard VF MD criteria [56]) was
unchanged between preoperative and postop-
erative measurements. These outcomes are
provided in Table 6.

Table 5 2-Stent vs 3-Stent subgroup analysis: qualified (medicated) and complete (medication-free) attainment of IOP
targets (B 18, B 15, B 12 mmHg) at last follow-up

IOP outcome 2 Stents (n = 34)
n (%) of eyes

3 Stents (n = 36)
n (%) of eyes

Two-sided p value
(between-group comparison)a

Qualified IOP attainment (± medication)

B 18 mmHg 30 (88.2%) 34 (94.4%) NS

B 15 mmHg 21 (61.8%) 31 (86.1%) 0.0198*

B 12 mmHg 10 (29.4%) 14 (38.9%) NS

Complete IOP attainment (medication-free)

B 18 mmHg 7 (20.6%) 12 (33.3%) NS

B 15 mmHg 6 (17.6%) 12 (33.3%) NS

B 12 mmHg 1 (2.9%) 8 (22.2%) 0.028^

NS not significant (p C 0.05)
aChi-square test (Pearson chi-square or Fisher’s exact) for categorical variables
*Test of proportions
^Fisher’s exact test
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Intraoperative Complications
Intraoperative complications in Multi-Stent
eyes consisted of 3 cases of stent over-implan-
tation. No interventions were undertaken, and
no sequelae ensued. Intraoperative complica-
tions in Trab eyes included 2 cases of perforated
(‘‘buttonholed’’) conjunctiva, which were
remedied intraoperatively with sutures.

Early Postoperative Complications (< 1 Month
Postoperative)
Early complications were reported in 0 Multi-
Stent eyes (0%) vs 12 Trab eyes (30%)
(p\ 0.001). Events included IOP eleva-
tion[ 10 mmHg vs preoperative (5 cases), bleb
failure (3 cases), bleb leak (2 cases), suture
dehiscence (1 case), and shallow anterior
chamber (1 case).

Mid-Range Postoperative Complications
(1–3 Months Postoperative)
Complications occurring from 1 to 3 months
postoperative were reported in 0 Multi-Stent
eyes (0%) vs 7 Trab eyes (17.5%) (p = 0.011).
Events included 1 case each of bleb leak, suture
dehiscence, and IOP\ 6 mmHg, and 4 cases of
bleb failure.

Late Postoperative Complications (> 3 Months
Postoperative)
Later-stage complications were reported in 4
Multi-Stent eyes (6%) vs 13 Trab eyes (33%)
(p\ 0.001). In Multi-Stent eyes, this included 3
cases of peripheral anterior synechiae and 1 case
of IOP elevation[ 10 mmHg vs preoperative. In
Trab eyes, cases included bleb failure (9 cases),
peripheral corneal thinning (dellen; 2 cases),
blebitis (1 case), and clinically significant
hypotony (1 case). The complete listing of
reported safety events is provided in Table 7.

DISCUSSION

This retrospective comparative cohort study
contributes some of the first data evaluating a
trabecular MIGS device vs standard trabeculec-
tomy–MMC in the treatment of moderate and
severe glaucoma. The cohort consisted of con-
secutive patients who came from the same
clinical population, had similar baseline char-
acteristics, and underwent either procedure by
the same surgeon at a single site; all eyes would
have been scheduled for standard filtration
surgery if a MIGS option had not been offered as
well. This uniformity across groups decreases
possible confounding and allows for a consis-
tent comparison between treatment interven-
tions. Given the ongoing need for options that

Table 6 Visual field mean deviation and glaucoma severity, preoperative vs last follow-up (LFU)

Visual field mean deviation Glaucoma severity

VF MD Preop LFU Preop (n) Preop (%) LFU (n) LFU (%)

Multi-Stent (n = 70)

Mean - 10.13 - 10.09 Moderate 49 0.7 49 0.7

SD 2.94 2.97 Advanced 21 0.3 21 0.3

p value 0.6776825

Trabeculectomy ? MMC (n = 40)

Mean - 10.47 - 10.23 Moderate 26 0.65 26 0.65

SD 3.28 3.22 Advanced 14 0.35 14 0.35

p value 0.0061175

LFU last follow-up (mean 15.7 months in Multi-Stent group, 13.1 months in Trab group)
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Table 7 Intraoperative and postoperative adverse events

Safety event Multi-Stent
(n = 70)

Trab–MMC
(n = 40)

p value (between-group
comparison)a

Intraoperative

Yes 3 (10.0%) 2 (5.0%) NS

No 67 (90.0%) 38 (95.0%)

Stent over-implantation 3 (4.3%) N/A

Conjunctival perforation

(‘‘buttonhole’’)

0 (0%) 2 (5.0%)

Early postoperative (\ 1 month)

Yes 0 (0%) 12 (30.0%) \ 0.001

No 70 (100%) 28 (70.0%)

IOP spike[ 10 mmHg vs preop 0 (0%) 5 (12.0%)

Significant bleb leak N/A 2 (5.0%)

Bleb failure N/A 3 (7.5%)

Suture dehiscence 0 (0%) 1 (2.5%)

Shallow AC 0 (0%) 1 (2.5%)

Mid-postoperative (1–3 months)

Yes 0 (0%) 7 (17.5%) 0.011

No 70 (100%) 33 (82.5%)

Significant bleb leak N/A 1 (2.5%)

Bleb failure N/A 4 (10.0%)

Suture dehiscence 0 (0%) 1 (2.5%)

IOP\ 6 mmHg 0 (0%) 1 (2.5%)

Late postoperative ([ 3 months)

Yes 4 (5.7%) 13 (32.5%) \ 0.001

No 66 (94.3%) 27 (67.5%)

IOP spike[ 10 mmHg vs preop 1 (1.4%) 0 (0%)

Bleb failure N/A 9 (22.5%)

Clinically significant hypotony 0 (0%) 1 (2.5%)

Peripheral anterior synechiae 3 (4.3%) 0 (0%)

Peripheral corneal thinning (dellen) 0 (0%) 2 (5.0%)
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have improved safety profiles alongside clini-
cally sufficient IOP lowering, the potential of a
viable MIGS option for more advanced glau-
coma is highly relevant. In this comparative
analysis of multiple-stent implantation (iStent
and/or iStent inject) vs trabeculectomy, out-
comes through up to 2 years postoperative
suggest that such a MIGS treatment option may
be viable, and that it warrants further
investigation.

Specifically, the data showed significantly
higher rates of safety-adjusted treatment success
in Multi-Stent eyes than in Trab eyes. Mean IOP
at LFU reduced significantly in both groups,
with the post-stent reduction (31%, p\ 0.001)
being slightly less marked than the post-trab
reduction (43%; p\0.001). This IOP difference
may be expected given that trabecular bypass
does not circumvent the lower floor of episcleral
venous pressure. Multi-Stent eyes also were on
approximately one more postoperative medi-
cation at last follow-up (1.31 vs 0.43 medica-
tions, respectively). However, the mean
medication number in Multi-Stent eyes still
decreased by 51% compared to preoperative
values, so from a patient’s standpoint, a tangi-
ble postoperative-vs-preoperative improvement
is still experienced for both IOP and medication
burden. Additionally, given the greater number
of safety-related visits, complications, and
reinterventions in the Trab group, many doc-
tors and patients may consider it a reasonable
trade-off to have one additional eyedrop and
marginally higher (though still adequately
controlled) IOP in exchange for a superior safety
profile and QoL.

In order to verify whether IOP was indeed
adequately controlled, postoperative visual field
outcomes were compared against preoperative
fields. The comparison showed stable VF MD, as
well as unchanged grading of glaucoma sever-
ity, between postoperative and preoperative
time points in both groups. Further, if at some
point any progression were detected in a Multi-
Stent patient, they would still retain the option
of more invasive surgery given that the original
stent surgery is ab interno, conjunctival-sparing,
and leaves approximately 97–98% of the angle
undisturbed [61].

In addition to the first-in-kind comparative
nature of this study, a particularly novel aspect
of the data is the inclusion of proxy measures
for health economics and quality of life. Of
particular economic importance is the total
number of visits during the early, middle, and
late postoperative periods (before and after
3 months, respectively), as each visit incurs
expense to both patients and the healthcare
system [42–46]. Many of these extra visits may
have been associated with clinically significant
safety complications and/or interventions (as
evidenced by the significantly higher total
number of reinterventions in the Trab group),
adding to the potential additional financial
burden of Trab surgery over Multi-Stent surgery.
Further, the time to lifting all postoperative
restrictions was significantly longer in Trab eyes
than in Multi-Stent eyes. This difference could
have direct economic implications, as it may be
thought to roughly approximate the potential
number of days a patient is unable to participate
fully in work or personal responsibilities.

Table 7 continued

Safety event Multi-Stent
(n = 70)

Trab–MMC
(n = 40)

p value (between-group
comparison)a

Blebitis 0 (0%) 1 (2.5%)

Refers to number of eyes affected. If an eye had more than one complication during a given period, the most significant,
sight-threatening, or causative/root-origin event was designated
NS not significant
aPearson chi-square
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Furthermore, the study included a subgroup
analysis comparing outcomes of 2 vs 3 stents. At
all three IOP levels (B 18/15/12 mmHg), a
higher proportion of 3-stent than 2-stent eyes
achieved their target. This difference was
apparent, either as a clear trend or with statis-
tical significance, for both qualified and com-
plete IOP outcomes. This is not entirely
surprising, as there is existing evidence sup-
porting the benefit of additional stents [20–24].

Certain limitations must be noted in this
single-site comparative study. Given the retro-
spective nature of data collection, it was not
possible to perfectly match baseline character-
istics of the two groups; and we cannot rule out
the possibility of non-quantifiable patient dif-
ferences between the two groups. Despite this
constraint, the groups were well matched for
baseline characteristics, including for the most
clinically relevant measures such as preopera-
tive IOP, medication burden, glaucoma type,
disease severity, and visual field. The only data
point differing between the groups was lens
status, with more pseudophakic eyes in the
Multi-Stent group than in the Trab group. The
authors acknowledge that their standard pro-
tocol for postoperative restrictions is cautious
and comprehensive, and that some clinicians
may advocate earlier resumption of unrestricted
activity. However, the same restrictions were
applied to both groups in this study, so the
significant between-group differences are still
meaningful. There were no preoperative or
postoperative medication washouts, as these
would not be appropriate in this real-world
clinical population. And finally, visual field
outcomes were stable in both groups through
up to 24 months postoperative; however, longer
monitoring will be necessary to confirm that
patients’ glaucoma remains controlled.

CONCLUSIONS

This study provides an informative window on
the potential viability of implanting multiple
trabecular micro-bypass stents (2 or 3 iStent or
iStent inject stents) in a standalone surgery to
treat moderate and severe treatment-resistant
glaucoma. To our knowledge, this is the first

study to date that compares multi-stent vs trab
surgery, performed in patients from the same
clinical population and in the hands of the
same surgeon at the same clinical site. As could
be expected given the level of invasiveness of
filtration surgeries, many of the traditional
(unadjusted) WGA IOP endpoints were higher
in the Trab group. However, the primary effec-
tiveness outcome, safety-adjusted treatment
success, was significantly higher in Multi-Stent
eyes.

Given that glaucoma is a permanent condi-
tion and patients must live with any surgery-
induced complications over their lifetimes, an
improved safety profile may outweigh a com-
paratively smaller IOP reduction vs trabeculec-
tomy in many patients, as captured in the
safety-adjusted treatment success endpoint. The
improved safety profile also may have direct
ramifications for health economics and QoL, as
captured in those respective metrics in the
dataset. Furthermore, there was a consistent
strong trend toward better IOP outcomes with 3
vs 2 stents, aligning with prior research [20–24].
Together these findings indicate a highly
favorable benefit–risk balance. They show that
standalone implantation of 2 or 3 trabecular
bypass stents (iStent or iStent inject) may be a
viable and safe treatment option for patients
with moderate to severe treatment-resistant
glaucoma.
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