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ABSTRACT

Introduction: Primary open-angle glaucoma is
estimated to affect 3% of the population aged
40-80 years. Trabeculectomy is considered the
gold standard in surgical management of glau-
coma; however, it is a technically complex
procedure that may result in a range of adverse
outcomes. Device-augmented, minimally inva-
sive procedures (micro-invasive glaucoma surg-
eries, MIGS) have been developed aiming for
safer and less invasive intraocular pressure (I0OP)
reduction compared with traditional surgery.

Methods: This paper presents results from a
systematic literature review conducted in
accordance with National Institute for Health
and Care Excellence requirements for the Med-
ical Technology Evaluation Programme via
multiple databases from 2005 to 2016. For
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clinical outcomes, randomized clinical trials
(RCTs) comparing MIGS with trabeculectomy or
other therapies, observational studies, and
other non-RCTs were included. Clinical out-
comes reviewed were the change from baseline
in mean IOP levels and change in topical glau-
coma medication. Safety was assessed by
reported harm and adverse events. For eco-
nomic evidence, trials on cost-effectiveness,
cost-utility, cost-benefit, cost-consequences,
cost-minimization, cost of illness, and specific
procedure costs were included. Risk of bias was
assessed for clinical studies using the Cochrane
Risk of Bias tool.

Results: A total of nine RCTs (seven iStents®,
one Hydrus®, and one CyPass®), seven non-
RCTs (three iStent®, three CyPass®, and one
Hydrus®), and 23 economic studies were ana-
lyzed. While various forms of trabeculectomy
can achieve postoperative IOP of between 11.0
and 13.0 mmHg, MIGS devices described in this
review were typically associated with higher
postoperative IOP levels. In addition, MIGS
devices may result in increased hypotony rates
or bleb needling in subconjunctival placed
devices, requiring additional medical resources
to manage. There is limited available evidence
on the cost-effectiveness of MIGS and therefore
it remains unclear whether the cost of using
MIGS is outweighed by cost savings through
decreased medication and need for further
interventions.
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Conclusion: Larger randomized trials and real-
world observational studies are needed for MIGS
devices to better assess clinical and economic
effectiveness. Given the shortage of published
data and increasing use of such procedures,
living systematic reviews may help to provide
ongoing and timely evidence-based direction
for clinicians and decision makers. This review
highlights the current unmet need for treat-
ments that are easy to implement and reduce
long-term IOP levels without increasing post-
operative aftercare and cost.
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INTRODUCTION

Glaucoma is the leading global cause of irre-
versible blindness. It is estimated that 44.1
million people, or 3% of the population aged
between 40 and 80 years, have primary open-
angle glaucoma (POAG) [1]. The incidence of
POAG is expected to rise to 65.5 million in 2020
because of an aging population [2]. POAG, a
progressive ophthalmic disease which causes
damage to the optic nerve and nerve fiber layer
resulting in visual field and acuity loss [3, 4],
can be caused by either elevated intraocular
pressure (IOP; 1OP-related) or alternative
mechanisms (non-IOP-related) [5, 6]. In the
IOP-related pathway, treatment requires a
decrease in IOP achieved through various
methods including topical ocular hypotensive
treatments, laser trabeculoplasty, and invasive
surgical management [7].

Topical ocular hypotensive medication can
delay or prevent POAG in patients with elevated
IOP [8]; however, patient adherence and ocular
surface toxicity are major issues with medical
management [9]. When topical medications or
other interventions (such as laser) do not ade-
quately reduce IOP, incisional surgery (tra-
beculectomy) is  considered.  Although
trabeculectomy is considered the gold standard
in the surgical management of glaucoma, it is a
technically complex procedure that can result

in failure due to scarring, decreased quality of
life due to bleb-related foreign body sensation,
induced astigmatism, and secondary cataracts
[10]. Apart from incisional surgery and topical
medication, various devices have been devel-
oped for the treatment of POAG including tube-
based Molteno, Baerveldt, and Ahmed implants
[11-13]. However, the failure rate of these is
approximately 50% after 5 years [14], and the
rate of re-operation in both trabeculectomy and
tube-based devices is relatively high, at 29% and
9%, respectively [15]. Consequently, there have
been further developments in the biomaterials,
shape, and drainage technique in newer devi-
ces, collectively referred to as micro-invasive
glaucoma surgeries (MIGS); available MIGS
include the iStent® [16], Hydrus Micro-Stent®
[17], CyPass Micro-Stent® [18], and XEN® (XEN
gel stent) [19].

The main mechanisms by which IOP is low-
ered with MIGS devices include increasing tra-
becular outflow by bypassing the trabecular
meshwork, increasing uveoscleral outflow via
suprachoroidal pathways, or creating a subcon-
junctival drainage pathway [20]. These devices
aim to provide a safer and less invasive means of
achieving IOP reduction compared with tradi-
tional surgery. However, the clinical efficacy as
measured by IOP reduction tends to be less
pronounced; hence, to date MIGS are currently
targeted at patients with mild to moderate
glaucoma [21].

In addition, there is an economic burden of
glaucoma attributable to ocular hypotensive
medications, health care consultations, and
glaucoma-related procedures (e.g., trabeculec-
tomy, laser surgery, combined cataract/glau-
coma surgery), and direct medical costs
generally increase with glaucoma severity [22].

Since the launch of MIGS devices, as of
December 2016 (the date of this literature
review), little evidence had been summarized
on their clinical and economic outcomes. Our
full literature study also studied clinical and
economic outcomes from device-augmented
trabeculectomy using EX-PRESS® shunts. How-
ever, the aim of this present paper is to share
findings on the analysis set of clinical outcomes
and safety of commercially available MIGS
devices compared with trabeculectomy, and
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findings for EX-PRESS-augmented incisional
procedures (which are not classified as MIGS)
have been excluded from the results presented
herein. Economic outcomes are also reviewed to
assess the positioning of MIGS devices in POAG
treatment.

METHODS

Search Methods for Identifying Studies

The systematic literature review was conducted
in accordance with National Institute for Health
and Care Excellence (NICE) requirements for
the Medical Technology Evaluation Programme
[23]. Searches for clinical and economic out-
comes were carried out in MEDLINE, EMBASE,
and the Cochrane Library (CENTRAL and
Cochrane Database of Systematic Reviews).
Additional searches for economic evidence were
carried out in the National Health Service Eco-
nomic Evaluation Database (NHS EED) and
National Institute of Health Research Health
Technology Assessment (NIHR-HTA) database.
Trials published in English between 2005 and
2016 were included using specific search terms
for each of the databases, as detailed in supple-
mentary online material Table 1.

Ethics Statement

This article is based on previously conducted
studies and does not contain any studies with
human participants or animals performed by
any of the authors.

Eligibility Criteria

Studies included in the analysis were based on
PICO inclusion criteria. Specifically, a popula-
tion of adults at least 18 years old with POAG,
an intervention of MIGS in at least one treat-
ment arm vs any other glaucoma treatment,
inclusion of all comparators, and primary out-
comes of (1) IOP reduction (absolute or relative)
and (2) mean reduction in ocular medicated
drops, and secondary outcomes of (3) visual
prognosis and (4) quality of life. For the clinical

outcomes and effectiveness, randomized clini-
cal trials (RCTs) comparing MIGS (e.g., iStent®,
CyPass®, Hydrus®, and XEN®) and non-MIGS
procedures specifically using EX-PRESS®, with
trabeculectomy (or other therapies), as well as
observational studies or other non-RCTs were
included in the full analysis set. For economic
evidence, trials on cost-effectiveness, cost-util-
ity, cost-benefit, cost-consequences, cost-mini-
mization, and cost of illness, as well as trials on
specific costs for procedures from the payer
perspective were included. For this paper, which
focuses on MIGS, clinical and economic analy-
ses of EX-PRESS® procedures have been
excluded.

RCTs published only as abstracts were
excluded as it was not possible to appraise
quality. In addition, reviews/editorials, studies
from low-income countries (where factors
independent of the devices are likely to influ-
ence results, such as surgical facilities and
training), and those not reporting the two pri-
mary outcomes were excluded.

Study Selection

Titles and abstracts of all electronically identi-
fied studies were reviewed independently by
two reviewers. Data from studies were extracted
and assessed by one reviewer. Results were
reported according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines for systematic reviews [24].
Selected studies were typically RCTs, although
non-RCTs and gray literature were also assessed
where information was lacking. For a list of
sources used for gray literature searches, please
see supplementary online material Table 3.

Risk-of-Bias Assessment and Data
Collection

Risk-of-bias assessments provide a methodolog-
ical way of analyzing whether the true effect of
interventions is reported correctly, misdirected,
or underreported. The risk of bias across studies
was assessed using the Cochrane Collaboration
Risk of Bias tool (CCRBT) and Review Manager
5.3 (RevMan) [25]. The CCRBT addresses the
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following six domains of potential bias that
could compromise the integrity or credibility of
a study: selection bias, performance bias,
detection bias, attrition bias, reporting bias, and
other bias (e.g., conflict of interest and financial
disclosures declared). Assessments were made
within each domain for one or more areas of
potential bias towards each individual study
outcome. For each domain assessment, the risk
of bias was divided into two sections, the first
providing support for judgement using free text
by reviewers to document evidence or judge-
ments inferred upon the paper, and the second
assessing bias risk from a three-tiered approach:
low risk, high risk, or unclear risk (if study
information was insufficient) selected as rele-
vant to each study [26]. To further reduce bias
risk, two reviewers used the tool independently
[26-28].

Clinical evidence grading was performed by
two reviewers and disagreements resolved
through discussion and agreement. To allow
comparability of the economic evidence, costs
were converted to pounds sterling (£) using
Organisation for Economic Co-operation and
Development exchange rates [29], and inflated
to 2016 values (the most recent index year)
using the Hospital and Community Health
Services (HCHS) pay and price inflation index
[30] (where the cost year was not reported,
original currencies were used).

Outcomes

Clinical outcomes reviewed were the change
from baseline in mean IOP levels described as
mean IOP level at longest follow-up, or as a
relative reduction (from baseline) in IOP.
Change in topical glaucoma medication was
also reviewed, described as a reduction in
number of eye drops used by patients at longest
follow-up. Safety was assessed by harm and
adverse events (AEs) reported as a sum of all
events per MIGS device. Economic outcomes
were described by cost-effectiveness and cost of
treatment (MIGS, trabeculectomy, medication)
sourced from various trials and HTAs.

RESULTS

Study Selection

The initial search yielded 1706 unique refer-
ences which were de-duplicated to 1471
records. These were then screened by title or
abstract to 148 records, which were further
assessed on full text for relevance. This full
analysis set included results for non-MIGS pro-
cedures with EX-PRESS (eight RCTs, four non-
RCTs, and two economic publications) which
have been excluded from this present analysis
which focuses on MIGS. A total of nine RCTs,
seven non-RCTs, and 23 economic studies were
analyzed specifically for MIGS, which are pre-
sented in this paper. A flow diagram depicting
the study selection for both the full set and that
specific to MIGS (i.e., without EX-PRESS studies)
is shown in Fig. 1.

Study Characteristics

All the nine RCTs included in this review,
shown in Table 1, reported IOP-lowering inter-
ventions in patients with POAG. There were
seven RCTs on iStents® [31-37] of which three
reported the clinical effectiveness of one iStent
implantation combined with cataract surgery
compared with cataract surgery alone
[31, 33, 35], three reported the clinical effec-
tiveness of two iStent implantation devices
[32, 34, 37], and one reported clinical effec-
tiveness in three intervention arms using dif-
ferent quantities of implanted iStent devices
[36]. There was a single RCT for the Hydrus®
Micro-Stent [38], and one on the CyPass®
Micro-Stent [39], both of which compared MIGS
device combined with cataract surgery vs cat-
aract surgery alone.

A total of seven non-RCTs (three iStent®,
three CyPass®, and one Hydrus®) and 23 eco-
nomic trials were also assessed for MIGS. The
characteristics of the non-RCTs are shown in
the supplementary online material Table 2.

A\ Adis



Ophthalmol Ther (2018) 7:49-73

53

Records identified through database
searches
n=1,706

| dentification

Records after duplicates removed
n=1,471

Screening
<

Records screened
n=1,471

Full text assessed for eligibility
n=148

Eligibility

v

Studies included in full analysis set
RCT n=17
Non-RCT n=11
Economic n=25

Included

Fig. 1 Preferred Reporting Items for Systematic Reviews
and Meta-Analysis (PRISMA) flow diagram for the
literature screening. *Please note that this publication
presents results only for MIGS devices and we have

Risk of Bias

All RCTs were analyzed for potential risk of bias.
Given the objective nature of IOP measure-
ments, reviewers judged that a lack of blinding
to outcome assessment would be unlikely to
increase the risk of bias for IOP measurements.
All outcomes for the detection bias domain
were therefore judged to be of low risk as shown
in supplementary online material Fig.1. A
summary of the reviewers’ judgements on risk
of bias for each of the nine MIGS RCTs is shown
in Fig. 2. RCTs were judged to have a risk of bias
for issues such as financial matters or conflicts
of interest [32-34, 36, 40] and lack of evidence

Records identified through hand
searches
n=25

Studies excluded on title/abstract
> screening
n=1,323

" Studies excluded on full text screening
n=95

excluded our separate analysis of device-augmented tra-
beculectomy using EX-PRESS®. In total seven RCTs and
two economic studies for EX-PRESS® have been excluded
from the above final set for this present analysis

of allocation concealment and blinding, or lack
of evidence of sequence generation of random-
ization and allocation concealment [37]. In one
study [34], reviewers identified three domains of
bias; hence interpretation of outcomes from
this study was with caution.

Overall, RCTs with the iStent and CyPass
devices were judged to have the lowest risk of
bias; two Hydrus Micro-Stent RCTs were judged
to have six out of seven low-risk domain out-
comes, although these had conflicts of interest
and financial affiliation potential bias; and
eight RCTs on the iStent were judged to have
potentially high risk of bias to study outcomes.
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Longest
follow-up

Country

Mean baseline
IOP (mmHg;

Intervention

Subgroup

IOP-lowering
intervention

Study design

Table 1 continued
Study

+ SD)

()

CyPass® Micro-Stent

24 months

USA

Micro-stent implantation via 26.3 & 4.4

CyPass Micro-Stent

= 54)

MIGS (»

Prospective,

Vold et al.
(39]

an ab interno approach

multicenter

26.6 + 4.2

Phacoemulsification alone

Phacoemulsification

Cataract

(control group)

surgery

(n = 47)

Clinical Effectiveness and Outcomes
of MIGS Devices

Evidence from RCTs

An overview of the clinical effectiveness and
outcomes from RCTs using the various MIGS
devices is shown in Table 2.

In the three RCTs using the iStent combined
with cataract surgery vs cataract surgery alone
[31, 33, 35], the mean relative reduction in IOP
levels from baseline ranged from 8.3 to
1.9 mmHg in the iStent combined with cataract
surgery groups vs 7.4 mmHg to an increase of
0.3 mmHg in the cataract surgery alone groups.
However, cataract surgery alone was associated
with greater reductions in the use of eye drops
compared with iStent plus cataract surgery. In
two RCTs using two iStent devices plus cataract
surgery vs cataract surgery alone, Fea et al. and
Vold et al. reported mean relative IOP reduc-
tions of between 12.2 and 10.9 mmHg with the
iStents vs 11.6 to 9.8 mmHg in the cataract
surgery alone groups, which received a fixed
combination of latanoprost and timolol or
travoprost [34, 37]. Increasing clinical effec-
tiveness by increasing the number of iStent
devices implanted was reported by Katz et al.
whereby, at 18 months, implantation of one,
two, or three iStents resulted in a mean relative
reduction of IOP of 4.2mmHg (21% from
baseline), 6.3 mmHg (31%), and 8.3 mmHg
(41%), respectively [36].

For the Hydrus Micro-Stent, Pfeiffer et al.
reported a 2 mmHg relative reduction in 1OP
level (11% reduction from baseline) in the
Hydrus group at 24 months’ follow-up vs an
increase of 0.6 mmHg in the cataract surgery
alone group. Both arms showed a 25% reduc-
tion in use of medicated ocular drops from
baseline [38]. Similarly, with the CyPass Micro-
Stent plus cataract surgery vs cataract surgery
alone Vold et al. reported a greater overall IOP
reduction of 9.4 mmHg (36% reduction from
baseline) in the CyPass group compared with
7.4 mmHg (28% reduction from baseline) in the
cataract surgery group, at 24 months. Further-
more, the CyPass Micro-Stent reduced the use of
topical glaucoma medication (eye drops) from
1.4 drops at baseline to 0.9 drops at 24 months’
follow-up [39].
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Fea etal 2015 (follow-up of Fea

Vold et al 2016
2010)

Feaetal 2014

Cravenetal 2012

. Fernandez-Barriento etal 2010

. Jay Katz et al 2015

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias)

Selecting reporting (reporting bias)

QOO O O O O reiectaos

. . . . . . ' Vold and Ahmed et al 2016
o0 0o

...‘...FeaZOlO

Other bias

. Low Risk Bias . High Risk Bias

Fig. 2 Reviewers' judgement for each risk-of-bias item per RCT

Evidence from Non-RCTs and Gray Literature
Non-RCTs and gray literature were used, where
possible, to provide further clinical effectiveness
evidence. Non-RCTs were identified for MIGS
devices, and in some cases gray literature was
identified and reviewed where information was
lacking. For example, as no RCTs or non-RCTs
were available for the XEN device, gray litera-
ture from posters and abstracts were used.
Details of these sources are shown in the sup-
plementary online material in Table 2 for non-
RCTs and Table3 for XEN-related gray
literature.

Non-RCTs using the iStent included various
combinations such as iStent with cataract sur-
gery [41], iStent alone [42], and iStent plus cat-
aract surgery compared with trabeculectomy
plus cataract surgery [43]. The mean baseline
IOP in these trials ranged from 17.5 to
22.3 mmHg. Kurji et al. reported the lowest
follow-up IOP of 13.6 mmHg (22% relative
reduction from baseline) [43], while the greatest
decrease in mean baseline IOP of 21.3 to
14.0 mmHg (34% decrease) for two iStents with
micro-incision cataract surgery (MICS) was
reported by Gonnerman et al. at 12-month

follow-up [41]. The greatest reduction in medi-
cated hypotensive drops was reported by Khan
et al. with a reduction in number of drops from
2.86 preoperative/at baseline to 1.22 at
12 months [42]. A number of case series were
also identified for the iStent. In one compara-
tive series based in Canada, the implantation of
two iStents vs three iStents resulted in a similar
(20%) reduction from baseline in IOP levels
after 12-month follow-up [44]. The differential
in IOP reduction using two vs three iStents was
less pronounced than in the RCT reported by
Katz et al. in which follow-up was at 18 months
[36]. Similarly, in the UK-based Manchester
iStent study, a prospective uncontrolled inter-
ventional case series, Tan and Au reported a
19% reduction in IOP levels from baseline after
36 months (baseline I0P, 21.2 mmHg; mean
IOP at longest follow-up, 17.1 mmHg) [45].

In a non-RCT case series with the CyPass a
relative reduction in IOP of 26%, over
6 months, was reported with mean IOP levels
decreasing from a baseline of 21.2 to
15.6 mmHg at follow-up [18]. At 24-month
follow-up the reduction in IOP from baseline
was 37% [46]. Furthermore, in patients who had
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a baseline IOP below 21 mmHg and who
achieved IOP of 15.8 mmHg, there was a
reduction in the use of medicated ocular drops
from an average 2.0 to 1.1 [46]. Similar results
were reported in another open-label interven-
tional study across five European countries [47].
In the single identified non-RCT for the
Hydrus by Fea et al., the mean IOP at baseline
was similar for the Hydrus Micro-Stent vs
selective laser trabeculoplasty groups at 23.1 vs
23.2 mmHg, decreasing to 16.5 vs 15.9 mmHg
at 12-month follow-up, respectively [48].
Evidence for the XEN (XEN gel stent) device
was obtained from posters and abstracts sum-
marized in the online supplementary material
Table 3. In these abstracts, the mean preopera-
tive (best-medicated) IOP ranged from 20.8 to
22.7 mmHg. Various reductions in IOP levels
from preoperative levels have been reported for
various follow-up times using the XEN device.
Kersten-Gomez et al. presented an abstract in
2012 reporting an IOP decrease from 21.3 to
12.2 mmHg at 1 week [40]. In the longest fol-
low-up period of 4 years an IOP reduction from
a baseline of 22.3 to 13.5 mmHg (reduction of
39.5%) was reported [49]. Although initially
produced and studied with three different
lumen diameters (140, 63, and 45 nm), the
45-nm lumen size is the only device now rec-
ommended for implantation, as the dimensions
of this device aimed to prevent postoperative
hypotony [50]. Little published data exist for
the XEN 45 implant. The pilot study by Shey-
bani et al. was on the XEN 63 and XEN 140
implants and showed a reduction in IOP from
22.4 to 15.4mmHg at 12-month follow-up,
with reduction in eye drops from 2.5 to 0.9 [51].

Considerations and Adverse Events
from MIGS RCTs

Although MIGS devices have proven “success-
ful”, depending on the definition of success,
which varies between clinicians, patients, and
studies, they can be associated with various
complications and AFEs that require care. For
example, implantation of MIGS devices may
result in increased hypotony rates or bleb
needling in subconjunctival placed devices.

Such procedures require additional resources in
outpatient clinics and potentially additional
theater time.

In this review AEs for each of the MIGS
devices were extracted from the 17 RCTs, non-
RCTs, and various case studies (gray literature).

The iStent, Hydrus, and CyPass devices gen-
erally have favorable safety profiles with few
reported AEs. Hyphema is common with iStent
and Hydrus, with rates of 19.04% for Hydrus
and a few cases reported for iStent [52, 53]. High
rates of hyphema are unsurprising for these
MIGS devices considering they are implanted
into a highly vascular region. Other harm and
AEs reported with the iStent included stent
malpositioning or occlusion early in the post-
operative period, affecting 4-18% of cases
[32, 33, 44, 53]. Corneal erosion has also been
reported in one study, attributed to repeated
intraoperative gonioscopy [54]: these types of
risks are only relevant for MIGS that require
gonioscopy.

Hypotony has also been reported for the
CyPass with rates of between 2.9% and 15.4%,
most cases being mild and not requiring inter-
vention [39, 46].

For the CyPass, in addition to hypotony,
other ocular harm and AEs reported have
included iritis (8.6%), secondary ocular surgical
intervention (5.5%), corneal edema (3.5%), and
hyphema (2.7%). However, most of these were
transient and did not affect visual acuity [39].
Pfeiffer et al. reported a statistically significant
(p = 0.0077) increase in focal peripheral anterior
synechiae (18.8%) after 2years in patients
implanted with the Hydrus combined with
cataract surgery [38].

Limited information is currently available on
the safety profile of XEN; the manufacturer’s
website states that postoperative adverse events
have included hypotony (defined as IOP below
6 mmHg at any time) in 24.6% of subjects (with
no associated clinically significant conse-
quences, no cases of persistent hypotony, and
no surgical intervention required), an IOP
increase of at least 10 mmHg from baseline in
21.5% of patients, and needling procedure rates
of 32.3% [55]. The high rates of bleb needling
reported after XEN insertion potentially offset
the economic value of the XEN because of the
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extra surgical time and patient investment
required to address.

Economic Outcomes with MIGS Devices

Cost-Effectiveness

As there is limited available evidence on the
cost-effectiveness of MIGS as primary interven-
tions for glaucoma [21, 56], it remains unclear
whether the cost of using MIGS is outweighed
by cost savings through decreased medication
and need for further interventions. The few
available studies are either retrospective case
studies or industry-sponsored RCTs with short
follow-up times [57].

Medical management, stand-alone cataract
surgery, and cataract surgery with iStent
implantation were compared over S5 years in
patients with cataract and glaucoma but inad-
equately controlled IOP with two medications.
The study used a Markov model and a public
third-party payer perspective (Ontario Health
Insurance Plan). Compared with medical man-
agement, the incremental cost-effectiveness
ratio (ICER) of iStent plus cataract surgery was
CA$6824/quality-adjusted life year compared
with $4179/quality-adjusted life year (cost year
not stated) for cataract surgery alone. The ICER
for iStent plus cataract surgery compared with
cataract surgery alone was not reported [58].

Cost-effectiveness evidence for CyPass and
Hydrus Micro-Stents or the XEN device was not
available. A summary of the studies identified
for economic evidence and reported costs is
shown in Table 3.

Cost of Treatment
Of the studies reporting economic evidence for
glaucoma treatment, the majority reported
total, average direct costs for management
strategies based on bottom-up costing or retro-
spective claims and registry review. Most studies
included established care pathways, such as
medical management, trabeculectomy, and
laser surgery. Where currencies and base years
were reported, current prices (GBP 2016) were
calculated for costs.

As part of the Manchester iStent study, Tan
et al. reported that in 36 patients who

completed the 3-year follow-up the overall cost
of combined cataract surgery and iStent
implantation was £829.32 more in total than
conservative management with branded eye
drops and £14,176.90 more if generic drops
were used [45]. No cost-effectiveness was
reported and costs did not include follow-up
care after iStent insertion or other downstream
health care utilization [45].

Economic evidence suggests that iStent
implantation and follow-up costs are higher
than trabeculectomy costs, but the incremental
cost-effectiveness of these implants remains
unknown.

The majority of studies on the treatment cost
of trabeculectomy and other routine procedures
have reported mean direct health care costs per
patient with glaucoma, rather than for specific
treatments. Per patient costs include consulta-
tions, procedures (trabeculectomy, laser sur-
gery, etc.), and medications, generally averaged
across the study population. On the basis of this
criterion, Olsen et al. reported the total mean
annual direct glaucoma-specific health care
costs per patient to be £261.69, which included
both primary (visits, examinations, laser treat-
ment) and secondary care (in- and outpatient
episodes) costs [59]. This approach has also been
used in other studies in which the mean annual
cost per patient was below £500 [60, 61]. Some
studies have addressed the cost of specific
treatment strategies, such as medical manage-
ment vs trabeculectomy [62], different medical
management strategies [63], observation only vs
medical therapy or laser treatment [64], or dif-
ferent treatment targets for IOP and visual field
measurement frequencies [65]. A small number
of studies have considered the impact of treat-
ment setting on cost [66, 67]. In a study repor-
ted by Sharma et al. community clinics were
more expensive to run than hospital-based
glaucoma clinics, over the course of a year,
when implementation and opportunity costs
but not health care or follow-up costs were
considered; the authors concluded that this was
due to higher overhead costs in the community
setting [66]. In another study a glaucoma fol-
low-up unit (GFU), staffed with optometrists
and ophthalmic technicians, was compared
with wusual care provided by glaucoma
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specialists. Findings from this study showed the
mean direct annual cost per patient to be lower
in the GFU arm (£109.76), accounting for hos-
pital visits, tests, interventions (laser treatment,
trabeculectomy, etc.), and other costs, vs usual
care (£127.61) [67].

Studies have been conducted to examine the
variation in cost in patients with POAG. A
number of factors have been identified that are
associated with higher or lower mean costs of
care. Disease stage has been identified as a pre-
dictor of higher cost [68, 69]. Long-term direct
cost of 194 glaucoma patients in France, Ger-
many, Italy, and the UK was linearly associated
with disease stage, estimated at €455/person-
year at disease stage O vs €969/person-year at
disease stage 4 across the four countries [69].
Other studies have highlighted treatment
changes/switches as an important predictor of
costs [59, 61, 70]. For example, Danish registry
data show higher costs associated with treat-
ment changes, longer treatment duration, and
age [59]. Finally, Stein et al. [71] examined fac-
tors associated with higher treatment costs and
identified comorbidities as significant covariates
(diabetic retinopathy, age-related macular
degeneration, cataract, pseudophakia/aphakia)
associated with increased cost. In the UK, the
use of glaucoma medications has been analyzed
on the basis of Prescription Cost Analysis data
[72]. In 2009 NICE introduced clinical guidance
on ocular hypertension and glaucoma, recom-
mending prostaglandin analogues as first-line
medication, and beta-blockers as first-line
medication for patients with IOP levels between
26 and 32mmHg, pachymetry 555-590 um,
and age below 60 years [73]. Between 2000 and
2012, prescriptions in the UK increased from
4.76 million to 7.96 million (up 67%), with
drug costs almost doubling from £55.2 million
to £103.7 million. During this period, the
overall use of prostaglandin increased while the
use of beta-blockers decreased. There was sig-
nificant heterogeneity in the drugs dispensed,
with 40 medications being prescribed at a rate
of more than 10,000 prescriptions per year.
Latanoprost was prescribed approximately three
times more frequently than the second most
frequently prescribed drug; however, this cost

has decreased following the availability of gen-
eric latanoprost [72].

HTA appraisals may be a potential source for
economic data; however, research for this
review identified records only for XEN in the
NIHR-HTA database. Furthermore, the XEN
HTA had no appraisal of the clinical or eco-
nomic benefits of the device.

DISCUSSION

Clinical and Economic Outcomes

Primary open-angle glaucoma is a major public
health problem with its increasing prevalence
and substantial impact on quality of life for
patients, their families, and caregivers. MIGS
procedures are a heterogenous group of tech-
niques that seek to reduce IOP with lower risk
than more established filtration surgery proce-
dures: they may increase trabecular outflow by
bypassing the trabecular meshwork, increase
uveoscleral outflow via suprachoroidal path-
ways, or create a subconjunctival drainage
pathway. Although clinical experience with
MIGS is increasing, and they may provide safety
advantages over trabeculectomy, issues remain
such as surgical difficulty, limited efficacy,
complications, and the absence of long-term
data.

In this review MIGS were linked to clinical
disadvantages such as insufficient IOP reduc-
tion, surgical complexity, device failure, and
other potential risks and AEs. For MIGS devices
in which bleb management (such as needling,
most commonly, and treatment of leakage) is
frequent practice (i.e., Xen), many studies do
not classify these as an AE and thus the true
impact of bleb management remains unclear.
These types of AEs require postoperative inter-
ventions which can have an impact on time and
outpatient resources/costs. While various forms
of trabeculectomy can achieve postoperative
IOP of 11.0-13.0mmHg [15, 74, 75], MIGS
devices described in this review were typically
associated with higher postoperative IOP levels.
This therefore suggests that MIGS devices are
best suited for patients with mild to moderate
disease in which lower target IOPs are not
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necessary, or as a method by which patients can
reduce their topical hypotensive load. For
example, mean IOP at the longest follow-up
(36 months) reported for the iStent as a separate
glaucoma intervention was 14.6 mmHg [37],
while the iStent combined with cataract surgery
resulted in IOP levels of 15.9 mmHg at
48 months [35], 17.1 mmHg at 24 months [33],
and 14.8 mmHg at 15 months [31]. The lowest
IOP of 13.0mmHg was reported with the
shortest follow-up of 12 months using the
iStent. This was achieved by implanting two
stents; however, this was on a slight up-trend
from month 6 (12.7 mmHg) onwards [34].
Although the iStent is associated with fewer
risks and AEs compared to other MIGS devices,
it has limited effectiveness in IOP lowering,
which is dictated by the episcleral venous pres-
sure. In addition, iStent implantations, which
require tilting microscopes, in-theater gonio-
scopy, and lens extraction, tend to be restricted
to elderly patients with cataracts, and it is not
possible to ascertain blockage of an iStent as
there is no bleb.

Clinical effectiveness of the Hydrus Micro-
Stent appeared to be similar to the iStent with a
mean [OP level of 16.9 mmHg at 24-month
follow-up [38]. However, it is unknown whether
surgically implantation of the Hydrus may be
more challenging than the iStent, or if compli-
cations vary: there are a lack of published data.
The CyPass RCT showed a reduction in IOP by
36% at 24 months, plus reduction in topical
glaucoma medications [39]. Similar findings are
also seen in real-world observational studies
[47]. The suprachoroidal space is highly vascu-
lar, which in theory potentially increases the
risk of an intraoperative suprachoroidal hem-
orrhage with suprachoroidal devices; however,
there is currently no evidence to substantiate
this fear.

Details of clinical evidence of the XEN device
are currently unavailable and evidence from
abstracts is limited on safety data. From avail-
able information, IOP reduction with the XEN
device may be comparable to other MIGS devi-
ces with the lowest reported follow-up IOP of
13.0 mmHg at 12 months [76] and the highest
of 15.9 mmHg at 12 months [77]. These pre-
liminary reports are based on non-peer-

reviewed materials and are subject to significant
uncertainty. A potential concern with the XEN
device is that it is porcine gelatin-based;
implantation of porcine-derived material may
be an issue in patients with certain religious and
personal beliefs [78].

Economic outcomes were challenging to
assess in this review because of limited avail-
ability of information on cost-effectiveness and
cost of treatment of all MIGS devices. Although
there was one economic study with the iStent
[58], there was no cost-effectiveness evidence.
As disease stage has been identified as a predic-
tor of higher management costs, devices aimed
at advanced glaucoma patients or those with
high IOP may have higher cost-savings poten-
tial [68, 69].

MIGS Devices and Unmet Need

The comparative effectiveness of a MIGS device
is dependent on implantation site, device
material, and design. A key challenge is in using
materials that induce minimal tissue reaction
and scarring. Despite antimetabolite use, the
subconjunctival space is prone to fibrosis, hence
a reduction in efficacy or late failure. This is
certainly the case in glaucoma patients using
long-term preserved drop therapy, as the con-
junctiva has been shown to be pro-inflamma-
tory and primed for scarring in the case of
further insult [79]. Using the suprachoroidal
route (i.e., CyPass and iStent Supra) avoids
subconjunctival filtration bleb-related compli-
cations including hypotony, leakage, bleb fail-
ure, bleb-related infection (short- and long-
term), and discomfort with foreign body sensa-
tion or pain [80]. The suprachoroidal space also
offers the opportunity for significant reductions
in IOP. Evidence suggests that a negative pres-
sure gradient exists between the anterior
chamber and the suprachoroidal space, pro-
moting aqueous outflow through a vacuum-like
effect [81]. However, it is more invasive and
intraocular than ab externo procedures, and
although suprachoroidal hemorrhage [82] has
not been reported, lack of long-term data makes
it difficult to confirm clinical benefits and
safety. Furthermore, implants placed in the
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suprachoroidal space do not escape tissue reac-
tion and implant failure through fibrosis [83].

Larger, multicenter, randomized trials and
real-world observations are needed for all MIGS
devices to better assess their clinical and eco-
nomic effectiveness. In addition, this review
highlights the unmet need for better treatment
options for patients with open-angle glaucoma;
MIGS devices should be simple for surgeons to
use and provide sustained long-term IOP-re-
ducing effect, with postoperative management
suitable to the general ophthalmologist and few
potential complications (e.g., ideally with min-
imal hypotony and easy-to-manage blebs). In
addition, rapid visual recovery would be ideal.
Such qualities would be better for patients as
well as for busy outpatient settings where the
management of complications can place a bur-
den on economic resources. The use of MIGS
devices may also benefit from defined treatment
options for specific patient groups (such as
those with high IOP), and guidelines for sur-
geons as to which device should be used in
which patient population.

Since completion of this systematic review
study in December 2016, a number of com-
mentaries and reviews have been published
discussing the efficacy and safety of MIGS
devices [84-87]. Our findings agree with other
reports in that current data indicate a balance
between potential IOP lowering and AEs while
acknowledging the lack of comparable long-
term data [84-87]. A common theme, expanded
upon in this systematic review, is the impor-
tance of understanding the characteristics of
each MIGS device (e.g., mode of action and
safety profile, as well as the IOP-lowering
potential) and how these relate to the specific
target population profile [85, 87]. However,
none have reviewed or discussed in detail the
economic data, which further highlights the
need for additional information on which to
distinguish between the various MIGS devices
available.

Study Strengths and Limitations

A major strength of this research is the com-
prehensive, structured, and systematic
approach in searching the literature to identify
all studies that report clinical and or economic

outcomes in the glaucoma surgery segment. To
the best of our knowledge this is the first sys-
tematic review to include economic outcomes
in currently available MIGS devices. Possible
limitations may be the difficulty in making
direct comparisons either between studies or
MIGS devices as well as the limited availability
of suitable economic data on MIGS devices. A
further limitation is that the search and analysis
are based on published literature up to Decem-
ber 2016. Systematic reviews are universally
limited in scope by providing a snapshot of
evidence in time based on tight inclusion and
exclusion criteria, and cutoff dates for literature
inclusion: a trade-off for the methodological
robustness. As real-world experience grows with
MIGS we suggest conducting “living” systematic
reviews that are continually updated, incorpo-
rating new relevant RCT and non-RCT evidence
as it becomes available to best inform evidence-
based practice.

CONCLUSION

Despite the increasing prevalence of POAG as a
leading cause of blindness, and the availability
of treatments such as hypotensive medicated
ocular drops, trabeculectomy, or, more recently,
MIGS devices, there still remains a need for
treatments that are easy to implement and
reduce IOP levels without increasing postoper-
ative aftercare and cost.
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