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open-angle glaucoma: systematic review
and network meta-analysis

Rongrong Hu, Dongyu Guo, Nan Hong, Xiuyuan Xuan, Xiaoyu Wang

ABSTRACT

Objectives To compare the efficacy and safety of two
Schlemm’s canal-based microinvasive glaucoma surgery
(MIGS) devices, the Hydrus Microstent and the iStent
Trabecular Bypass combined with phacoemulsification for
treatment of open-angle glaucoma.

Design Systematic review and network meta-analysis.
Methods Literature searches were conducted on
PubMed, Web of Science, Cochrane Library and
ClinicalTrials.gov to identify randomised controlled trials
(RCTs) assessing the Hydrus or the iStent implantation
combined with phacoemulsification for treatment of
open-angle glaucoma until September 2020. Risk of bias
was assessed using a six-item modified Jadad scale.
Effects were estimated using the intraocular pressure
(I0P) reduction (IOPR), the percentage of IOPR and the
proportion of medication-free patients at follow-up end.
Safety was estimated using the proportions of adverse
events. The network meta-analysis was conducted within
a Bayesian framework using the Markov Chain Monte
Carlo method in ADDIS software.

Results Six prospective RCTs comprising 1397 patients
were identified. Regarding the absolute value and the
percentage of IOPR, the Hydrus and 2-iStent implantation
combined with phacoemulsification were significantly
more effective than phacoemulsification alone. Rank
probability analysis revealed the Hydrus might be the best
choice to lower IOP. There was no significant difference

in the proportion of medication-free patients among
groups. The Hydrus and 2-iStent implantation had a higher
probability to achieve the medication-free status versus
the 1-iStent implantation and phacoemulsification alone.
Overall safety profiles were good for each device with

the focal peripheral anterior synechiae more frequently
reported in Hydrus eyes.

Conclusions The Hydrus implantation may have a slight
advantage over the 1-iStent or 2-iStent implantation in
combination with phacoemulsification to treat open-angle
glaucoma. Our findings might be of some uncertainty due
to the limited included data. Further studies are needed to
investigate whether our findings are robust, including high-
quality RCTs to directly compare these MIGS devices.

STRENGTHS AND LIMITATIONS OF THIS STUDY

= This meta-analysis included the most recent reports.

= We systematically identified and rigorously collected
the available evidence to perform a comprehensive
comparison of two Schlemm’s canal-based microin-
vasive glaucoma surgery implants.

= The number of included studies is relatively small.
Further research is needed to replenish this meta-
analysis to offer more convincing conclusion.

= The details of adverse events were not always re-
ported in each study.

INTRODUCTION
Glaucoma is a leading cause of irreversible
vision loss in the world. Although the patho-
genesis of glaucoma is not fully clear, the
level of intraocular pressure (IOP) has been
closely associated with the retinal ganglion
cell degeneration in glaucoma.' Reduction
of IOP (IOPR) is the only proven and gener-
ally accepted method to treat glaucoma in
slowing disease progression.'™ Topical ocular
hypotensive medications are usually a first-
line choice, however, patient adherence and
ocular surface toxicity are major issues with
the long-term medical management.” When
topical medications or other interventions
(such as laser) do not achieve adequate
IOPR, incisional surgery has to be consid-
ered. Current mainstream procedures, trab-
eculectomy and aqueous shunts, while highly
effective at IOPR, may require quite intense
postoperative care for the first 3 months after
surgery, and may be associated with several
sight-threatening complications." *°

In recent years, new devices and proce-
dures have been developed aiming for
safer and less invasive IOPR compared with
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conventional glaucoma surgeries.” The microinvasive
glaucoma surgery (MIGS) devices, placed ab interno via
clear corneal incision, shunt aqueous humour into the
Schlemm’s canal, the suprachoroidal or subconjunctival
space. These devices can be implanted in combination
with cataract surgery to treat mild-to-moderate open-
angle glaucoma (OAG).* Independent randomised
controlled trials (RCTs) have demonstrated that MIGS
devices are effective in reducing IOP and medication use
with good safety profiles.*"’

In the present network meta-analysis, we aimed to
indirectly compare the clinical efficacy and safety of
two different Schlemm’s canal-based MIGS devices, the
Hydrus Microstent (Ivantis, Irvine, California, USA) and
the iStent Trabecular Bypass device (Glaukos Corpora-
tion, San Clemente, California, USA), combined with
phacoemulsification for the treatment of OAG. The
Hydrus Microstent is an 8 mm long crescent-shaped open
structure, curved to match the shape of Schlemm’s canal.
The first-generation iStent Trabecular Bypass device is a
1.0 mm long L-shaped stent with a snorkel (inlet) on the
short side, which resides in the anterior chamber, and an
open half-pipe lumen (foot), which resides in Schlemm’s
canal. The iStent inject, which is the second generation,
preloads two 0.4 mm long, 0.3 mm wide plug-shaped
implants with a central opening in its injector for easier
insertion. The two-implant design of iStent inject may
also reduce the impact of single stent blockage.' The
clinical efficacy outcomes include the IOPR from base-
line to follow-up end, and the proportion of medication-
free patients at the end of follow-up. The safety outcomes
include the proportion of common adverse events after

surgery.

METHODS

This systematic review was conducted and reported
based on the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement,'’ and
the PRISMA network meta-analysis extension statement.”

Patient and public involvement

This systematic review was conceptualised and developed
due to the unmet need of mild-to-moderate OAG patients
to select an effective and safe treatment for IOPR. We used
secondary data from peerreviewed published articles.
Even though there was no direct patient or public involve-
ment in this review, the study compared two Schlemm’s
canal-based MIGS devices comprehensively based on the
existing patient data and aim to aid clinicians to properly
consult and treat future patients.

Literature search

We searched PubMed, Web of Science, Cochrane Library
and ClinicalTrials.gov to identify relevant studies in
September 2020. The following terms were searched in
each database: ‘iStent’, ‘trabecular micro-bypass stent’,
‘trabecular bypass’, ‘Hydrus’, ‘Hydrus microstent’, or

‘schlemm canal microstent” AND ‘cataract’, ‘cataract
surgery’, or ‘phacoemulsification’ (see online online
supplemental appendix 1 for further details on search
strategy). We did not apply limits for language or date
of publication. When titles fit our search terms, abstracts
were reviewed to exclude irrelevant studies (eg, case
reports, reviews or experimental studies). We then care-
fully read all the remaining articles to determine if they
contained data that were applicable to this study. Refer-
ence lists of included studies and previous meta-analyses
were also manually searched for additional relevant
articles.

Inclusion and exclusion criteria

We included studies based on the following criteria: (1)
The study was an RCT; (2) Hydrus or iStent implantation
combined with phacoemulsification was performed; (3)
Participants were diagnosed as OAG; (4) Studies had to
report baseline and postoperative IOP and antiglaucoma
medication use. Studies that met any of the following
criteria were excluded: (1) review article or case report,
(2) duplicate publication, (3) describing a study already
included (eg, subgroup analysis or mid-term report of a
large trial or follow-up report after a trial ends), (4) suffi-
cient information not published (eg, full text not acces-
sible or full text did not contain raw data).

Outcome measures

For efficacy analysis, the primary outcomes were the IOPR
and the percentage of (IOPR%). When authors reported
the mean and SD of the IOPR, we used them directly. For
studies that only reported absolute values of the IOP at
baseline and end-point, the IOPR and the SD of the IOPR

(SD,,;) Were computed as follows?! 22
IOPR = IOPy 1m0 — Iopend*[mint’
; 1/2
SD]OPR = (SDiaseling + Sngl— point — SDb(lseling X SDen d—ﬁoint)

then the IOPR% and the SD of the IOPR% (SD
were estimated by

IOPR%)

IOPR% = 15025~ % 100%

_ _SDiorr
SDIOPR% - ]OPbaAeline X 100%

The second outcome measure was the proportion of
eyes with complete success, which was defined as targeting
end-point IOP (<21 mm Hg or study-specific end-points)
without antiglaucoma medication. We assessed safety by
considering the proportions of eyes with postoperative
adverse events, including device malposition, device
obstruction, nonobstructive peripheral anterior syne-
chiae (PAS), hyphema, uveitis/iritis, macular oedema,
disc haemorrhage, best-corrected visual acuity (BCVA)
loss >2 lines and elevated IOP 210 mm Hg over baseline.

Risk of bias assessment

The methodological quality of included studies was eval-
uated independently by two authors (RH and DG) based
on the six-item modified Jadad scale.”® It evaluates the
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method of randomisation, blinding, withdrawals and
drop-outs, inclusion/exclusion criteria, adverse events
and the statistical analysis. According to these criteria, the
scale scores range from 0 to 8 points. Studies with a score
of 4-8 were deemed to be high quality, and studies with a
score of 0-3 were deemed to be low quality. Any disagree-
ment between raters was resolved through discussion with
a third author (XW).

Data extraction

The studies’ demographic details, participant charac-
teristics, interventions, outcomes and limitations were
independently extracted by two authors (RH and DG). If
disagreements occurred, XW would check the data again.

Statistical analyses

Our analysis classified Hydrus implantation with
phacoemulsification, 1-iStent implantation with
phacoemulsification, 2-iStent implantation with

phacoemulsification and phacoemulsification alone as
separate treatment nodes. The network meta-analysis
was performed within a Bayesian framework using the
Markov Chain Monte Carlo simulation implemented
through the Aggregate Data Drug Information System
software (V.1.16.6, Drugis, Groningen, NL).26 We used a
consistency model, which was based on 50 000 iterations
for each 4 chains with a burn-in period of the first 20 000
iterations. Convergence was assessed using the Brooks-
Gelman-Rubin method.?” The measures of treatment
effects were the weighted mean difference (WMD) for
continuous outcomes and relative risk (RR) for dichot-
omous outcomes with 95% credible intervals (95% CI)
based on the Bayesian statistical inference. Consistency
analysis could be conducted in the presence of simi-
larity and homogeneity, and on this basis, we could rank
the effect of different treatment strategies. The higher
ranking means the better the treatment is probably when
considering treatment efficacy. It should be noted that
even if the difference in the effect size between treat-
ments is small, clinical decisions to choose treatment
can still be guided by the probability of treatment rank-
ings.” * Inconsistency analysis was also conducted and
similar results were obtained (online supplemental tables
1-3).

Traditional pairwise meta-analysis was performed using
Stata V.12.0 (StataCorp). We calculated and evaluated the
OR and its 95% CI of various study outcomes and merged
data with inverse variance model. Forest plots were used
to illustrate various study outcomes and their merged
data (online supplemental figures 1-3). A statistical eval-
uation of the heterogeneity of included RCTs was carried
out using the I” parameter.

RESULTS

Literature search results

The PRISMA flow chart of literature selection in this
network meta-analysis is illustrated in figure 1. In total,

177 articles were retrieved through our initial search.
After removal of duplicates and irrelevant studies (eg,
case reports, reviews or experimental studies), 95 arti-
cles remained for full-text review. Eighty-two articles
were excluded on full-text review as they were not RCTs
(43 studies), did not include interventions of interest
(11 studies), or did not report outcomes of interest (28
studies). Full-text examinations excluded seven addi-
tional articles as they described an RCT already included
(subgroup analysis (three studies), mid-term report
(one studies) or follow-up report after a trial ends (two
studies)), or did not report sufficient data (one study).
Finally, six articles (six RCTs)? 1% were included in this
systematic review and network meta-analysis.

Characteristics and outcomes of included studies

Six studies comprising 1397 eyes with OAG and cataract
were included in this meta-analysis. Figure 2 presents the
network of eligible comparisons for the network meta-
analysis. All included studies were prospective RCT inves-
tigations. The follow-up duration ranged from 12 months
to 24 months and the patients’ age distributions did not
vary significantly among studies. The median sample size
was 139 eyes (range 33-556). The main characteristics of
the included studies are presented in table 1. The base-
line characteristics of study populations of included RCTs
are presented in table 2.

Methodological quality of included studies

Figure 3 presents the results of risk of bias assessment for
each included study. The overall quality scores were good
ranging from 5 to 8 (the modified-Jadad score >3). Of
the six RCTs, appropriate randomisation methods were
described by five studies (83.3%); one study (16.7%)
was described as double-blind, three studies (50%) were
single-blind and the remaining studies were not blinded
(n=2, 33.3%). Of the included studies, the majority
provided an adequate description of withdrawals and
dropouts (n=5, 83.3%), inclusion/exclusion criteria
(n=6, 100%), the method used to assess adverse effects
(n=6, 100%) and the methods of statistical analysis (n=6,
100%).

Efficacy

Tables 3 and 4 present the WMD and 95% CI of IOPR
and IOPR%, respectively, for all possible comparisons by
the network meta-analysis using the consistency model.
In terms of the IOPR, the 2-iStent group (1.88, 95% CI
0.41 to 3.62 mm Hg) and the Hydrus group (2.21, 95%
CI 0.52 to 3.71 mm Hg) showed greater IOPR than the
control group at follow-up end. In terms of the IOPR%,
the 1-iStent group (7.65%, 95% CI 0.66% to 15.45%), the
2-iStent group (7.31%, 95% CI 1.14% to 14.60%) and
the Hydrus group (8.66%, 95% CI 2.02% to 14.81%) all
showed greater IOPR than the control group. There was
no significant difference in IOPR and IOPR% among the
1-iStent group, the 2-iStent group and the Hydrus group.
Figure 4 presents the rank probabilities of these groups
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Records identified through
database searching
(n=171

Additional records identified through

manual search of references
(n=06)

A

A 4

Potential studies retrieved for eligibility assessment
(n=95)

A 4

v

Studies excluded (n = 82):

Not RCT (n = 43)

No interventions of interest (n = 11)
No outcomes of interest (n = 28)

RCTs for inclusion in review
(n=13)

A 4

Studies excluded from meta-analysis
(n=7):

Describing a study already included (n = 6)
Insufficient data (n =1)

(n=

Studies eligible for meta-analysis

6)

Figure 1

for the treatment efficacy in terms of the IOPR and the
IOPR%. Overall, the Hydrus group showed a higher
probability to be the best treatment in lowering IOP than
the 1-iStent group and the 2-iStent group (0.60 vs 0.11,
0.60 vs 0.29 in IOPR; 0.46 vs 0.31, 0.46 vs 0.23 in IOPR%,
respectively).

2-iStent implantation
with phacoemulsification

Hydrus implantation.

with phacoemulsification

. 1-iStent implantation

with phacoemulsification

Phacoemulsification alone
Figure 2 Network graph of all treatment comparisons of
included studies. Each node represents a treatment strategy.
Lines represent direct comparisons within the randomised
controlled trials.

Flow chart of study selection process. RCT, randomised controlled trial.

Table 5 presents the RR and 95% CI of the proportions
of eyes with complete success for all possible comparisons
by the network meta-analysis using the consistency model.
The 1-iStent group, the 2-iStent group, and the Hydrus
group showed a likely positive effect in the proportions
of complete success versus the control group, however,
the differences were not statistically significant. There was
no significant difference in the proportion of complete
success among the l-iStent group, the 2-iStent group
and the Hydrus group. Figure 4 presents the rank prob-
ability of these groups for treatment effect in terms of
the proportion of complete success. The 2-iStent group
and the Hydrus group showed the higher probability to
achieve the complete success than the 1-iStent group and
the control group. The 2-iStent group and the Hydrus
group showed the close probability to be the best treat-
ment (0.44 and 0.40, respectively).

Adverse events

Main adverse events of included studies are present
in table 6. In summary, device malposition occurred in
3.9% of 1-iStent eyes, 1.4% of 2-iStent eyes, and was not
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Figure 3 Modified-Jadad scores for risk of bias assessment. NA, not applicable; NR, not reported.

reported in Hydrus eyes. Device obstruction occurred in
3.9% of 1-iStent eyes, 6.0% of 2-iStent eyes, and 3.3% of
Hydrus eyes. Focal PAS, which was considered as nonob-
struction, occurred in 1.7% of 2-iStent eyes, 15.3% of
Hydrus eyes and was not reported in 1-iStent eyes.

There were few sight-threatening complications in
included studies. At follow-up end, 2.5% of 2-iStent eyes
and 1.2% of Hydrus eyes had lost >2 lines compared
with preoperative BCVA, however, the proportions were
numerically less in treatment eyes than control eyes (3.7%
and 1.7%, respectively in 2-iStent and Hydrus studies).
Macular oedema occurred in 0.8% of 1-iStent eyes and
2.4% of Hydrus eyes, which were also less in treatment eyes
than control eyes (1.4% and 2.5%, respectively in 1-iStent
and Hydrus studies). Hyphema, disc haemorrhage, and
IOP elevation 210 mm Hg over baseline occurred at a rate
of 2% or less in all treatment eyes of included studies.
A higher proportion of postoperative uveitis/iritis was
observed in 2-iStent eyes and Hydrus eyes versus control
eyes (5.5% vs 3.7% in 2-iStent studies; 5.0% vs 2.9% in
Hydrus studies), while a lower proportion of uveitis/iritis
was reported in 1-iStent eyes versus control eyes (0.8% vs
4.3%).

DISCUSSION
To our knowledge, this is the first study to indirectly
compare the efficacy and safety of two commercially avail-
able Schlemm’s canal-based MIGS devices for glaucoma
management with concurrent cataract surgery using
published RCT data. Based on the network meta-analysis,
the Hydrus and 2-iStent implantation combined with
phacoemulsification achieved statistically greater reduc-
tions in IOP than phacoemulsification alone, in terms
of either the absolute IOPR values or the percentage.
Although no significant difference was found among
the three groups, the Hydrus device may provide better
IOPR effect than the 1-iStent and 2-iStent device based
on the rank probability of the existing data. In terms of
the proportion of complete success, no statistically signif-
icant difference was found among the 1-iStent group, the
2-iStent group, the Hydrus group and the phacoemulsi-
fication alone group, while the rank probability analysis
shows the Hydrus and the 2-iStent implantation may
achieve the complete success at a higher probability
versus the 1-iStent implantation and phacoemulsification
alone.

Previous laboratory studies compared the Hydrus
and the iStent devices using human cadaveric anterior

Table 3 Network meta-analysis results in IOP reduction at
follow-up end

Table 4 Network meta-analysis results in the percentage of
IOP reduction at follow-up end

Weighted mean difference (95% CI), mm Hg

Weighted mean difference (95% Cl), %

1-iStent

-0.47 (-2.86 to 1.65)
-0.81 (-3.02 to 1.64)
1.40 (-0.19 to 3.06)

2-iStent
—0.35 (-2.34 to 2.25)
1.88 (0.41 to 3.62)*

Hydrus

2.21 (0.52 to 3.71)* Control

*Statistical significance.
Cl, credible interval; IOP, intraocular pressure.

1-iStent

0.32 (-10.02 to 10.27) 2-iStent

-1.08 (-10.31 t0 9.24) -1.33 (-9.79 to 8.75)
7.65 (0.66 to 15.45)*  7.31 (1.14 to 14.60)*

Hydrus

8.66 (2.02 to 14.81)* Control

*Statistical significance.
Cl, credible interval; IOP, intraocular pressure.
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0
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.
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Figure 4 Rank probability of treatments based on the absolute value of intraocular pressure (IOP) reduction, the percentage
of IOP reduction, and the proportion of complete success. 1-iStent, 1-iStent implantation with phacoemulsification;
2-iStent, 2-iStent implantation with phacoemulsification; Hydrus, Hydrus implantation with phacoemulsification; Control,

phacoemulsification alone. Rank 1 is best and rank 4 is worst.

segment perfusion models.”” *" Hays et al showed the
Hydrus increased the aqueous outflow facility by a greater
percentage (73% vs 34%) and at a wider range of perfu-
sion pressures (20-50 mm Hg vs 40 mm Hg) than the two
first-generation stents.”” Similar results were shown in a
recent randomised paired comparison study by Toris et al,
in which Hydrus eyes had higher increase in the outflow
facility than double iStent inject eyes (79% vs 11%).”!
These in vitro laboratory findings support our meta-
analysis results that the Hydrus device may lower the IOP
better than the 2-iStent device. Furthermore, the negative
correlation between the Schlemm’s canal area and the
IOP has been observed in vivo in OAG eyes, and normal
eyes have larger Schlemm’s canal area than OAG eyes.”
Trabecular meshwork stretch is also one of mechanisms
of the pilocarpine treatment effect.” It is therefore likely
that the trabecular meshwork stretch and Schlemm’s
canal dilation by the 8 mm scaffold segment of the Hydrus
help to provide additional benefits to lower the outflow
resistance to collector channels, and accordingly achieve
greater reduction in IOP versus the iStent.”’ !

Our results are also in line with the conclusion of the
COMPARE study, which was a prospective, multicentre
RCT to compare the Hydrus and the 2-iStent for stand-
alone treatment.” One hundred and fifty-two eyes from
152 OAG patients were randomised to either Hydrus or
two first-generation stents implantation and followed
for 12 months. Both groups had significantly reduced

Table 5 Network meta-analysis results in medication free
at follow-up end

Relative risk (95% CI) in proportions of complete success

1-iStent

0.60 (0.01 to 10.07)
0.63 (0.04 to 16.37)
2.65 (0.37 to 29.48)

2-iStent
1.05 (0.08 to 68.13)
4.33 (0.79 to 145.22)

Hydrus

4.06 (0.51 to0 38.62) Control
Complete success, targeting end-point intraocular pressure (<21 mm Hg or study-
specific end-points) without anti-glaucoma medication.

Cl, credible interval.

medication use at 12 months compared with the baseline,
and the reduction in the Hydrus group was significantly
greater by 0.6 medication than the 2-iStent group. More
Hydrus patients were medication free at the follow-up end
(46.6% vs 24.0%). While it is difficult to directly compare
the present meta-analysis results of combined surgery with
the standalone treatment results, both studies suggest the
Hydrus might be more effective to treat OAG versus the
2-iStent.

Two recent retrospective studies compared the real-
world outcomes of the Hydrus and the iStent combined
with phacoemulsification. For the iStent group, Lee et
al” included patients implanted with one first-generation
iStent, and Holmes et af° included patients implanted
with second-generation iStent inject. Both studies showed
sustained IOPR with a good safety profile for the MIGS
groups during the 2-year follow-up and no significant
difference was found between the Hydrus and the iStent.
For medication use, Lee et al® reported a 0.5-medication
reduction advantage with the Hydrus group compared
with the iStent group, while Holmes et al® reported an
additional reduction with the iStent inject group by 0.5
medication on average compared with the Hydrus group.
Of note, in the latter study, the Hydrus group had signifi-
cantly higher IOP, more glaucoma medications, and
greater visual field damage at baseline than the iStent
inject group, which may potentially bias the results. The
baseline visual field mean deviation of Hydrus group in
Holmes et al's study was also seemingly greater than that
of our included RCTs (-8.8 dB vs 5.6 dB'*/-3.6 dB"® on
average), and their findings are somewhat different to
our study. It is unclear whether these differences in effi-
cacy comparison are because of the difference in glau-
coma severity of study populations.

The theoretical basis for incremental efficacy with
implantation of multiple trabecular stents was estab-
lished previously based on in vitro perfusion models.”™
Several clinical studies have shown that use of additional
first-generation iStent may result in greater IOPR with
reduced medication use versus a single implant.**™*
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Table 6 Main adverse events after Hydrus and iStent implantation combined with phacoemulsification

Adverse events 1-iStent 1-iStent control  2-iStent 2-iStent control  Hydrus Hydrus control
No of eyes 128 138 403 135 417 236
Device malposition 3.9% NA 1.4% NA NR NA
Device obstruction 3.9% NA 6.0% NA 3.3% NA
Focal PAS, nonobstructive NR NR 1.7% NR 15.3% 2.1%
Hyphema NR NR 2.0% NR 0.4% 0.4%
Uveitis/iritis 0.8% 4.3% 5.5% 3.7% 5.0% 2.9%
Macular oedema 0.8% 1.4% NR NR 2.4% 2.5%
Disc haemorrhage 0.8% 2.2% NR NR 0.2% NR
BCVA loss >2 lines NR NR 2.5% 3.7% 1.2% 1.7%
Elevated IOP NR NR 2.0% 0.7% 0.9% 3.0%

>10 mm Hg over baseline

BCVA, best-corrected visual acuity; IOP, intraocular pressure; NA, not applicable; NR, not reported; PAS, peripheral anterior synechiae.

One study by Hooshmand et al'® did not demonstrate a

statistically significant difference between a single iStent
and double iStent inject during l-year follow-up, and
earlier recommencement of medications for optimal IOP
control was reported with the iStent inject. In this study,
the majority of study participants of the 2-iStent group
were implanted with the iStent inject. Though there was
no significant difference between the 1-iStent group and
the 2-iStent group across our outcome measures, the
2-iStent group showed statistically significant reduction
in absolute values of IOPR versus phacoemulsification
alone, while the l-iStent group not. Furthermore, the
rank probability analysis shows the 2-iStent implantation
may achieve complete success at a higher probability
than the 1-iStent implantation (0.44 vs 0.16, respectively).
Larger population size and longer-term follow-up might
be needed to obtain more definitive results for the effi-
cacy comparison between a single first-generation iStent
and second-generation iStent inject.

The overall safety profiles of three treatment groups
were favourable and few serious ocular adverse events
were reported in included RCTs. Device obstruction,
which may be caused by pigment, iris tissue or hyphema,
occurred in either device (3.9% of 1-iStent eyes, 6.0% of
2-iStent eyes, and 3.3% of Hydrus eyes). Device malpo-
sition was observed in 3.9% of 1-iStent eyes and 1.4%
of 2-iStent eyes, while not reported in the Hydrus eyes.
A likely explanation is the Hydrus was designed with a
longer segment residing within the lumen of Schlemm’s
canal versus the iStent, which allows a better positioning
stability. PAS was more frequently observed in the Hydrus
eyes versus the 1-iStent and 2-iStent eyes (15.3%, 0%,
and 1.7%, respectively). Our result is consistent with the
COMPARE study, which indicates that the PAS forma-
tion was more common in the Hydrus group.” It is note-
worthy that subgroup analyses of included RCTs did not
show the significant difference in the IOPR between eyes
with PAS and without PAS.!* Therefore, most of the
PAS might not be obstructive in eyes treated with Hydrus

implantation. Nevertheless, caution should be taken for
the PAS as it may eventually result in the device obstruc-
tion in the long term.

The baseline characteristics of study populations were
overall similar in included RCTs. A common preopera-
tive diagnosis was OAG, including three studies only with
primary OAG,” "® ¥ one study with ocular hypertension
(11.8%)," one study with pseudoexfoliative glaucoma
(6%) and pigmentary glaucoma (3%),"" and one study
with pseudoexfoliative glaucoma (10%)."* Angle-closure,
traumatic, uveitic or neovascular glaucoma, or history of
incisional glaucoma surgery were all excluded. Baseline
visual field damage was comparable in included RCTs,
except one Hydrus study with greater mean deviation
and pattern SD."* Real-world data show that the Hydrus
have been used in patients with more advanced disease
versus the iStent inject, which are in line with the present
included RCT.*® As shown in table 2, the majority of study
populations were Caucasian. There was no significant
difference in age and sex among groups and these demo-
graphics characteristics were well matched for the treat-
ment and control groups in each study.

The surgical techniques of the Hydrus and the iStent
are similar which both require a clear view of the angle
structure, and the devices are introduced into the ante-
rior chamber through a clear corneal incision and
implanted through the trabecular meshwork.** Despite
the increasing use of MIGS in clinical practice, data to
compare the cost-effectiveness of these devices remain
limited.* Separate studies have shown either the Hydrus**
or the iStent inject” ** combined with phacoemulsifica-
tion is cost-effective for patients with mild to moderate
OAG versus phacoemulsification alone. A recent study by
Sood et al'’ compared the cost-effectiveness of the Hydrus
and the iStent inject in combination with phacoemulsifi-
cation for patients with mild to moderate primary OAG.
Both devices were not cost-effective versus phacoemulsifi-
cation alone over the first 2 years due to the initial costs of
the surgeries, however, these devices were demonstrated
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to be cost-effective treatment options over a lifetime
horizon based on the simulation analysis. In comparison,
the Hydrus was slightly more cost-effective than the iStent
inject, and the authors concluded it was likely due to
the slightly better treatment efficacy associated with the
Hydrus versus the iStent inject at the identical costs.

Although the results of this meta-analysis may be
important for treatment considerations, there are several
imitations that should be mentioned. First, we included
prospective high-quality RCTs, however, the number of
studies is relatively small and the sample size of included
studies varied ranging from 33 to 556 eyes, which may
potentially bias the results. Further research is necessary
to replenish this meta-analysis to offer more convincing
conclusion. Second, the details of adverse events were
not always reported in each study, and due to the limited
data, we did not perform statistical analysis to compare
the difference in treatment safety among groups. Third,
for the 2-iStent group, we merged the data analysing two
first-generation stents'> and second-generation iStent
inject,"” which is preloaded with two stents. It is unclear
whether there is difference in efficacy between two first-
generation stents and double iStent inject, as few studies
have been conducted to compare these two stents. In
vitro perfusion model study did not demonstrate signif-
icant difference in outflow facility increase between the
two stents.”’ A subgroup analysis by Salimi et al*® shows no
significant difference was found between the two gener-
ations in terms of IOPR and medication use in eyes with
primary angle closure glaucoma.

CONCLUSION

Based on the existing data at present, our network meta-
analysis results indicate that the Hydrus device might be
slightly more effective in combination with phacoemulsi-
fication to treat OAG versus the 1-iStent or 2-iStent device,
and these devices have overall good safety profiles. Our
findings may aid clinicians in selecting appropriate treat-
ments in glaucoma management, particularly for patients
with mild-to-moderate glaucoma and cataract, however,
there might be of some uncertainty due to the limited
included data. Further prospective, large-scale RCTs that
directly compare these MIGS devices combined with cata-
ract surgery are needed to investigate whether our find-
ings are robust.

Acknowledgements The authors thank the researchers whose studies were
included in this network meta-analysis and provided useful data to us.

Contributors All authors made a substantial contribution to this work. RH: study
conception, study design, data collection, data analysis, manuscript writing and
final manuscript approval; DG: study design, data collection and critical manuscript
revision; NH: statistical analysis; XX: statistical analysis; XW: study guarantor, study
conception, study design, critical manuscript revision and final manuscript approval.

Funding This study was supported by the National Natural Science Foundation of
China Grant 81900854, the Zhejiang Provincial Natural Science Foundation of China
Grant LQ17H120003, and the Health and Family Planning Commission of Zhejiang
Province Grant 2016KYA089.

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not applicable.
Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available on reasonable request. Extra data
are available from the first author on request.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Xiaoyu Wang http://orcid.org/0000-0002-3031-3855

REFERENCES

1 Weinreb RN, Aung T, Medeiros FA. The pathophysiology and
treatment of glaucoma: a review. JAMA 2014;311:1901-11.

2 Garway-Heath DF, Crabb DP, Bunce C, et al. Latanoprost for open-
angle glaucoma (UKGTS): a randomised, multicentre, placebo-
controlled trial. Lancet 2015;385:1295-304.

3 Heijl A, Leske MC, Bengtsson B, et al. Reduction of intraocular
pressure and glaucoma progression: results from the early manifest
glaucoma trial. Arch Ophthalmol 2002;120:1268-79.

4 Jonas JB, Aung T, Bourne RR, et al. Glaucoma. Lancet
2017;390:2183-93.

5 Lemij HG, Hoevenaars JG, van der Windt C, et al. Patient
satisfaction with glaucoma therapy: reality or myth? Clin Ophthalmol
2015;9:785-93.

6 Gedde SJ, Herndon LW, Brandt JD, et al. Postoperative
complications in the tube versus trabeculectomy (TVT) study during
five years of follow-up. Am J Ophthalmol 2012;153:804-14.

7 Kerr NM, Wang J, Barton K. Minimally invasive glaucoma surgery
as primary stand-alone surgery for glaucoma. Clin Exp Ophthalmol
2017;45:393-400.

8 Richter GM, Coleman AL. Minimally invasive glaucoma
surgery: current status and future prospects. Clin Ophthalmol
2016;10:189-206.

9 Fea AM. Phacoemulsification versus phacoemulsification with
micro-bypass stent implantation in primary open-angle glaucoma:
randomized double-masked clinical trial. J Cataract Refract Surg
2010;36:407-12.

10 Samuelson TW, Katz LJ, Wells JM, et al. Randomized evaluation
of the trabecular micro-bypass stent with phacoemulsification
in patients with glaucoma and cataract. Ophthalmology
2011;118:459-67.

11 Craven ER, Katz LJ, Wells JM, et al. Cataract surgery with trabecular
micro-bypass stent implantation in patients with mild-to-moderate
open-angle glaucoma and cataract: two-year follow-up. J Cataract
Refract Surg 2012;38:1339-45.

12 Fernandez-Barrientos Y, Garcia-Feijod J, Martinez-de-la-Casa JM,
et al. Fluorophotometric study of the effect of the glaukos trabecular
microbypass stent on aqueous humor dynamics. Invest Ophthalmol
Vis Sci 2010;51:3327-32.

13 Samuelson TW, Sarkisian SR, Lubeck DM, et al. Prospective,
randomized, controlled pivotal trial of an ab Interno implanted
trabecular Micro-Bypass in primary open-angle glaucoma and
cataract: two-year results. Ophthalmology 2019;126:811-21.

14 Pfeiffer N, Garcia-Feijoo J, Martinez-de-la-Casa JM, et al.

A randomized trial of a Schlemm's canal Microstent with
phacoemulsification for reducing intraocular pressure in open-angle
glaucoma. Ophthalmology 2015;122:1283-93.

15 Samuelson TW, Chang DF, Marquis R, et al. A Schlemm canal
Microstent for intraocular pressure reduction in primary open-

Hu R, et al. BMJ Open 2022;12:6051496. doi:10.1136/bmjopen-2021-051496


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-3031-3855
http://dx.doi.org/10.1001/jama.2014.3192
http://dx.doi.org/10.1016/S0140-6736(14)62111-5
http://dx.doi.org/10.1001/archopht.120.10.1268
http://dx.doi.org/10.1016/S0140-6736(17)31469-1
http://dx.doi.org/10.2147/OPTH.S78918
http://dx.doi.org/10.1016/j.ajo.2011.10.024
http://dx.doi.org/10.1111/ceo.12888
http://dx.doi.org/10.2147/OPTH.S80490
http://dx.doi.org/10.1016/j.jcrs.2009.10.031
http://dx.doi.org/10.1016/j.ophtha.2010.07.007
http://dx.doi.org/10.1016/j.jcrs.2012.03.025
http://dx.doi.org/10.1016/j.jcrs.2012.03.025
http://dx.doi.org/10.1167/iovs.09-3972
http://dx.doi.org/10.1167/iovs.09-3972
http://dx.doi.org/10.1016/j.ophtha.2019.03.006
http://dx.doi.org/10.1016/j.ophtha.2015.03.031

Open access

16

17

18

19

20

angle glaucoma and cataract: the horizon study. Ophthalmology
2019;126:29-37.

Grover DS, Flynn WJ, Bashford KP, et al. Performance and Safety
of a New Ab Interno Gelatin Stent in Refractory Glaucoma at 12
Months. Am J Ophthalmol 2017;183:25-36.

Vold S, Ahmed IIK, Craven ER, Ahmed, Il CER, et al. Two-

Year COMPASS trial results: supraciliary Microstenting with
phacoemulsification in patients with open-angle glaucoma and
cataracts. Ophthalmology 2016;123:2103-12.

Hooshmand J, Rothschild P, Allen P, et al. Minimally invasive
glaucoma surgery: comparison of iStent with iStent inject

in primary open angle glaucoma. Clin Exp Ophthalmol
2019;47:898-903.

Moher D, Liberati A, Tetzlaff J, et al. Preferred reporting items for
systematic reviews and meta-analyses: the PRISMA statement. PLoS
Med 2009;6:e1000097.

Hutton B, Salanti G, Caldwell DM, et al. The PRISMA extension
statement for reporting of systematic reviews incorporating
network meta-analyses of health care interventions: checklist and
explanations. Ann Intern Med 2015;162:777-84.

33

34

35

36

37

38

Skaat A, Rosman MS, Chien JL, et al. Effect of pilocarpine
hydrochloride on the Schlemm canal in healthy eyes and eyes with
open-angle glaucoma. JAMA Ophthalmol 2016;134:976-81.

Ahmed IIK, Fea A, Au L, et al. A prospective randomized trial
comparing Hydrus and iStent microinvasive glaucoma surgery
implants for Standalone treatment of open-angle glaucoma: the
compare study. Ophthalmology 2020;127:52-61.

Lee GA, Porter AJ, Vincent RA, et al. Combined phacoemulsification
and microinvasive glaucoma surgery in comparison to
phacoemulsification alone for open angle glaucoma. Eye
2020;34:312-8.

Holmes DP, Clement Cl, Nguyen V, et al. Comparative study of 2-year
outcomes for Hydrus or iStent inject microinvasive glaucoma surgery
implants with cataract surgery. Clin Exp Ophthalmol 2022;50:303-11.
Bahler CK, Smedley GT, Zhou J, et al. Trabecular bypass stents
decrease intraocular pressure in cultured human anterior segments.
Am J Ophthalmol 2004;138:988-94.

Bahler CK, Hann CR, Fjield T, et al. Second-generation trabecular
meshwork bypass stent (iStent inject) increases outflow

facility in cultured human anterior segments. Am J Ophthalmol

21 Cheng J-W, Cai J-P, Li Y, et al. Intraoperative mitomycin C for 2012;153:1206-13.
nonpenetrating glaucoma surgery: a systematic review and meta- 39 Hunter KS, Fjield T, Heitzmann H, et al. Characterization of
analysis. J Glaucoma 2011;20:322-6. micro-invasive trabecular bypass stents by ex vivo perfusion and

22 Wang W, Zhou M, Huang W, et al. Ex-PRESS implantation versus computational flow modeling. Clin Ophthalmol 2014;8:499-506.
trabeculectomy in uncontrolled glaucoma: a meta-analysis. PLoS 40 Belovay GW, Nagi A, Chan BJ, et al. Using multiple trabecular micro-
One 2013;8:€63591. bypass stents in cataract patients to treat open-angle glaucoma. J

23 Jadad AR, Moore RA, Carroll D, et al. Assessing the quality of reports Cataract Refract Surg 2012;38:1911-7.
of randomized clinical trials: is blinding necessary? Control Clin Trials 41 Katz LJ, Erb C, Carceller GA, et al. Prospective, randomized study of
1996;17:1-12. one, two, or three trabecular bypass stents in open-angle glaucoma

24 Clark HD, Wells GA, Huét C, et al. Assessing the quality of subjects on topical hypotensive medication. Clin Ophthalmol
randomized trials: reliability of the Jadad scale. Control Clin Trials 2015;9:2313-20.
1999;20:448-52. 42 Popovic M, Campos-Moller X, Saheb H, et al. Efficacy and adverse

25 Oremus M, Wolfson C, Perrault A, et al. Interrater reliability of the event profile of the iStent and iStent inject trabecular Micro-bypass
modified Jadad quality scale for systematic reviews of Alzheimer's for open-angle glaucoma: a meta-analysis. J Curr Glaucoma Pract
disease drug trials. Dement Geriatr Cogn Disord 2001;12:232-6. 2018;12:67-84.

26 van Valkenhoef G, Tervonen T, Zwinkels T, et al. Addis: a decision 43 Nichani P, Popovic MM, Schlenker MB, et al. Microinvasive glaucoma
support system for evidence-based medicine. Decis Support Syst surgery: a review of 3476 eyes. Surv Ophthalmol 2021;66:714-42.
2013;55:459-75. 44 Atk A, Rhodes LA, Samuels BC, et al. Cost utility of Schlemm's

27 Brooks SP, Gelman A. General methods for monitoring convergence canal Microstent injection with cataract surgery for open angle
of iterative simulations. J Comput Graph Stat 1998;7:434-55. glaucoma in the United States Medicare system. J Glaucoma 2022.

28 Cipriani A, Higgins JPT, Geddes JR, et al. Conceptual and doi:10.1097/1JG.0000000000001993. [Epub ahead of print: 28 Jan
technical challenges in network meta-analysis. Ann Intern Med 2022].
2013;159:130-7. 45 Nieland K, Labbé A, Schweitzer C, et al. A cost-effectiveness

29 Wu H-Y, Huang J-W, Lin H-J, et al. Comparative effectiveness of analysis of iStent inject combined with phacoemulsification cataract
renin-angiotensin system blockers and other antihypertensive drugs surgery in patients with mild-to-moderate open-angle glaucoma in
in patients with diabetes: systematic review and Bayesian network France. PLoS One 2021;16:€0252130.
meta-analysis. BMJ 2013;347:f6008. 46 Ahmed IIK, Podbielski DW, Patel V, et al. A Canadian cost-utility

30 Hays CL, Gulati V, Fan S, et al. Improvement in outflow facility by two analysis of 2 trabecular Microbypass stents at time of cataract
novel microinvasive glaucoma surgery implants. Invest Ophthalmol surgery in patients with mild to moderate open-angle glaucoma.

Vis Sci 2014;55:1893-900. Ophthalmol Glaucoma 2020;3:103-13.

31 Toris CB, Pattabiraman PP, Tye G, et al. Outflow facility effects 47 Sood S, Heilenbach N, Sanchez V, et al. Cost-Effectiveness
of 3 Schlemm's canal microinvasive glaucoma surgery devices. analysis of minimally invasive trabecular meshwork stents with
Ophthalmol Glaucoma 2020;3:114-21. phacoemulsification. Ophthalmol Glaucoma 2022;5:00210-6.

32 Hong J, Xu J, Wei A, et al. Spectral-Domain optical coherence 48 Salimi A, Abu-Nada M, Harasymowycz P. Matched cohort study
tomographic assessment of Schlemm's canal in Chinese of cataract surgery with and without trabecular Microbypass stent
subjects with primary open-angle glaucoma. Ophthalmology implantation in primary angle-closure glaucoma. Am J Ophthalmol
2013;120:709-15. 2021;224:310-20.

10 Hu R, et al. BMJ Open 2022;12:¢051496. doi:10.1136/bmjopen-2021-051496


http://dx.doi.org/10.1016/j.ophtha.2018.05.012
http://dx.doi.org/10.1016/j.ajo.2017.07.023
http://dx.doi.org/10.1016/j.ophtha.2016.06.032
http://dx.doi.org/10.1111/ceo.13526
http://dx.doi.org/10.1371/journal.pmed.1000097
http://dx.doi.org/10.1371/journal.pmed.1000097
http://dx.doi.org/10.7326/M14-2385
http://dx.doi.org/10.1097/IJG.0b013e3181e3d2f7
http://dx.doi.org/10.1371/journal.pone.0063591
http://dx.doi.org/10.1371/journal.pone.0063591
http://dx.doi.org/10.1016/0197-2456(95)00134-4
http://dx.doi.org/10.1016/s0197-2456(99)00026-4
http://dx.doi.org/10.1159/000051263
http://dx.doi.org/10.1016/j.dss.2012.10.005
http://dx.doi.org/10.7326/0003-4819-159-2-201307160-00008
http://dx.doi.org/10.1136/bmj.f6008
http://dx.doi.org/10.1167/iovs.13-13353
http://dx.doi.org/10.1167/iovs.13-13353
http://dx.doi.org/10.1016/j.ogla.2019.11.013
http://dx.doi.org/10.1016/j.ophtha.2012.10.008
http://dx.doi.org/10.1001/jamaophthalmol.2016.1881
http://dx.doi.org/10.1016/j.ophtha.2019.04.034
http://dx.doi.org/10.1038/s41433-019-0459-2
http://dx.doi.org/10.1111/ceo.14048
http://dx.doi.org/10.1016/j.ajo.2004.07.035
http://dx.doi.org/10.1016/j.ajo.2011.12.017
http://dx.doi.org/10.2147/OPTH.S56245
http://dx.doi.org/10.1016/j.jcrs.2012.07.017
http://dx.doi.org/10.1016/j.jcrs.2012.07.017
http://dx.doi.org/10.2147/OPTH.S96695
http://dx.doi.org/10.5005/jp-journals-10028-1248
http://dx.doi.org/10.1016/j.survophthal.2020.09.005
http://dx.doi.org/10.1097/IJG.0000000000001993
http://dx.doi.org/10.1371/journal.pone.0252130
http://dx.doi.org/10.1016/j.ogla.2019.11.009
http://dx.doi.org/10.1016/j.ogla.2021.09.006
http://dx.doi.org/10.1016/j.ajo.2020.12.032

	Comparison of Hydrus and iStent microinvasive glaucoma surgery implants in combination with phacoemulsification for treatment of open-­angle glaucoma: systematic review and network meta-­analysis
	Abstract
	Introduction﻿﻿
	Methods
	Patient and public involvement
	Literature search
	Inclusion and exclusion criteria
	Outcome measures
	Risk of bias assessment
	Data extraction
	Statistical analyses

	Results
	Literature search results
	Characteristics and outcomes of included studies
	Methodological quality of included studies
	Efficacy
	Adverse events

	Discussion
	Conclusion
	References


