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Purpose: To assess the safety and effectiveness of the PRESERFLO� MicroShunt (formerly InnFocus
MicroShunt) in patients with primary open-angle glaucoma (POAG).

Design: The MicroShunt, a controlled ab externo glaucoma filtration surgery device, was investigated in a
2-year, multicenter, single-arm study.

Participants: Eligible patients were aged 18e85 years with POAG inadequately controlled on maximal
tolerated medical therapy with intraocular pressure (IOP) �18 and �35 mmHg or when glaucoma progression
warranted surgery.

Methods: The MicroShunt was implanted as a stand-alone procedure with adjunctive use of topical
mitomycin C (MMC; 0.2e0.4 mg/ml) for 2e3 minutes.

Main Outcome Measures: The primary effectiveness outcome was IOP reduction and success (not
requiring reoperation or pressure failures [IOP > 21 mmHg and < 20% reduction in IOP]) at year 1. Additional end
points at year 2 included IOP reduction, success, glaucoma medications, adverse events (AEs), and reoperations.
Results are reported in the overall population and subgroups of patients receiving 0.2 or 0.4 mg/ml MMC.

Results: In 81 patients, mean (� standard deviation [SD]) IOP decreased from 21.7 � 3.4 mmHg at baseline
to 14.5 � 4.6 mmHg at year 1 and 14.1 � 3.2 mmHg at year 2 (P < 0.0001). Overall success (with and without
supplemental glaucoma medication use) at year 1 was 74.1%. Mean (� SD) number of medications decreased
from 2.1 � 1.3 at baseline to 0.5 � 0.9 at year 2 (P < 0.0001), and 73.8% of patients were medication free. Most
common nonserious AEs were increased IOP requiring medication or selective laser trabeculoplasty (25.9%)
and mild-to-moderate keratitis (11.1%). There were 6 (7.4%) reoperations and 5 (6.2%) needlings by year 2.
In an analysis (post hoc) according to MMC concentration, overall success was 78.1% (0.2 mg/ml) and 74.4%
(0.4 mg/ml; P ¼ 0.710). In the 0.2 and 0.4 mg/ml MMC groups, 51.9% and 90.3% of patients were medication
free, respectively (P ¼ 0.001). There was a trend toward lower IOP and higher medication reduction in the
0.4 mg/ml MMC subgroup.

Conclusions: In this study, mean IOP and glaucoma medication reductions were significant and sustained
over 2 years postsurgery. No long-term, sight-threatening AEswere reported. Further studiesmay confirm potential
risk/benefits of higher MMC concentration. Ophthalmology Glaucoma 2021;-:1e15 ª 2021 by the American
Academy of Ophthalmology. This is an open access article under the CC BY license (http://creativecommons.org/
licenses/by/4.0/).

Supplemental material available at www.ophthalmologyglaucoma.org.
Primary open-angle glaucoma (POAG) is the most common
form of glaucoma.1 Intraocular pressure (IOP) is the only
well-established modifiable risk factor,1 and often, the
initial IOP-lowering approach for the management of glau-
coma is medical therapy.1 However, patient adherence to
medication can be suboptimal.2 Laser and incisional
surgical approaches, including trabeculectomy and tube
shunt surgery, can provide long-term IOP reduction for
.org/
patients with glaucoma.3e5 Both trabeculectomy and tube
shunt surgery are invasive procedures and associated with
the requirement for substantial postoperative manage-
ment;3,4 therefore, minimally invasive glaucoma surgery
(MIGS) has been developed to potentially provide a safer,
easier, and less-invasive alternative to traditional incisional
surgery.6 Most canal-based or suprachoroidal-based MIGS
devices have been associated with only modest IOP
1https://doi.org/10.1016/j.ogla.2021.07.008
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reductions and are often indicated for patients who require
cataract surgery6 and the IOP-lowering effect of the device
itself may be confounded by the effects of cataract surgery.7

Furthermore, such MIGS devices are often implanted in
patients with mild-to-moderate glaucoma.8 Alternatively,
MIGS devices that result in the formation of a bleb have
been associated with substantial IOP reductions; for these
devices, postsurgical management of the bleb, such as
early needling with or without the concomitant injection
of mitomycin C (MMC) to mitigate fibrosis, tends to play
a vital role in surgical success.9,10 Long-term IOP data
for the majority of new devices/techniques are still
unavailable.8

The PRESERFLO MicroShunt (MicroShunt, formerly
known as the InnFocus MicroShunt) received Conformité
Européenne marking in 2012 and Health Canada and
Therapeutic Goods Administration of Australia approval in
2021 for uncontrolled POAG on maximum tolerated
glaucoma medications or when glaucoma progression war-
rants surgery;11e13 the MicroShunt has not yet received
Food and Drug Administration approval. The MicroShunt is
an 8.5-mmelong (70-mm lumen and 350-mm outer diameter)
controlled ab externo glaucoma filtration surgery device
composed of poly(styrene-block-isobutylene-block-styrene),
a highly biocompatible and bioinert material.14 The
MicroShunt is inserted via an ab externo procedure. After
implantation, the proximal tip of the device sits in the
anterior chamber, parallel to the iris, and the distal tip sits
underneath the conjunctiva and Tenon’s capsule,
approximately 6 mm behind the limbus, allowing flow of
aqueous humor through the lumen to form a posterior
bleb.14,15

In a prospective, single-arm study conducted at a single site
in the Dominican Republic, 23 patients with POAG received
the MicroShunt alone or in combination with cataract sur-
gery.15,16 Published results showed IOP and glaucoma
medication lowering after MicroShunt implantation.15

Mean IOP � standard deviation (SD) was reduced from
23.8 � 5.3 mmHg at baseline (n ¼ 23) to 10.7 � 3.5 mmHg
at year 3 (n ¼ 22; representing a �55% change), and
mean � SD number of glaucoma medications per patient
was reduced from 2.4 � 0.9 (n ¼ 23) to 0.7 � 1.1 (n ¼ 22),
with 64% of patients medication free at year 3. The success
rate (IOP � 14 mmHg and � 20% IOP reduction with or
without use of supplemental medication) was 95% at year 3.
There were few device-related intraoperative and post-
operative adverse events (AEs) afterMicroShunt implantation;
themost commonAEswere device touching iris (n¼ 3, 13%),
transient hypotony (n ¼ 3, 13%), shallow or flat anterior
chamber (n ¼ 3, 13%), and transient choroidal effusion
(n¼ 2, 9%). Of note, there were no reports of devicemigration
or erosion, bleb leaks, bleb infection, persistent corneal edema,
endophthalmitis, or chronic hypotony and only 1 patient
required a reoperation by year 3.

The study reported was the first study to be conducted
across multiple European centers and by multiple surgeons.
The aim of this study and analysis was to assess the safety
and effectiveness of MicroShunt implantation as a stand-
alone procedure in patients with POAG. The final 2-year
results from this study are presented.
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Methods

Study Design

This was a prospective, single-arm, multicenter study assessing the
safety and effectiveness of the MicroShunt in patients with mild-to-
severe POAG (ClinicalTrials.gov Identifier: NCT02177123). The
study was conducted across 6 European sites, including 3 sites in
France and 1 site each in The Netherlands, Spain, and Switzerland.
A qualifying assessment was carried out preoperatively, and further
tests were conducted postoperatively on day 1, day 7, week 4,
month 3, month 6, month 9, year 1, and year 2. The study was
conducted in accordance with the Declaration of Helsinki and
the requirements for medical device investigations as presented in
EN/ISO 14155 (2011), Clinical Investigation of Medical Devices
for Human Subjects e Good Clinical Practice, Annex X of the
European Medical Devices Directive 93/42/EEC, as amended by
Directive 2007/47/EEC, MEDDEV 2.7/4, and applicable local
regulatory requirements. Institutional Review Board approval was
obtained for each site, and patients provided written informed
consent before their enrollment in the study.

Patients

Eligible patients were aged 18e85 years with POAG inadequately
controlled on maximal tolerated medical therapy with IOP � 18
and� 35 mmHg or when glaucoma progression warranted surgery.
Only 1 eye per patient was enrolled in the study. Treatment success
and safety analyses were based on data from the eye specified
during enrollment. As part of standard-of-care treatment, patients
were permitted to undergo MicroShunt implantation in the non-
study eye; however, this did not affect the analyses reported for the
study eye. Key exclusion criteria included vision level of no light
perception; known allergy to MMC; previous incisional surgery,
excluding uncomplicated cataract surgery at least 6 months before
enrollment; laser surgery within 90 days of enrollment; and need
for glaucoma surgery combined with other ocular procedures or
anticipated need for additional ocular surgery in the study eye
during the investigational period.

Procedure and Assessments

The MicroShunt was provided by InnFocus Inc., in a sterile
package with a 3-mm scleral marker, a 1-mm triangular-bladed
knife, 3 LASIK Shield sponges (EYETEC), a marker pen, and a
25-gauge needle. The MicroShunt was implanted as a stand-alone
procedure via an ab externo approach. Before implantation, topical
or sub-Tenon’s anesthesia was applied to the study eye. The
MicroShunt was removed from sterile packaging onto a sterile field
and rinsed using a balanced salt solution. Corneal traction was
performed at the surgeon’s discretion. A fornix-based conjunctival
flap was created by peritomy between 2 rectus muscles followed by
a posterior sub-Tenon’s delamination, approximately 8-mm deep
and 90⁰e120⁰ wide. Hemostasis was controlled with bipolar
diathermy or other means at the discretion of the surgeon. Three
MMC-soaked LASIK Shield sponges were placed under the sub-
conjunctival flap (2 sponges posteriorly and 1 more anteriorly) for
2e3 minutes; on removal of the sponges, the flap was rinsed with a
balanced saline solution. The concentration and exposure time of
MMC varied between sites; 3 sites used MMC 0.2 mg/ml (2 sites
for 2 minutes and 1 site for 3 minutes), 2 sites used 0.4 mg/ml
(1 site each for 2 or 3 minutes), and 1 site used 0.28 mg/ml for
2 minutes.

A location 3 mm from the limbus was marked with an inked
scleral marker, and a 1-mmewide, 1- to 2-mmelong, shallow
scleral pocket was formed 3 mm posteriorly and toward the limbus

http://ClinicalTrials.gov


Excluded (n = 6)
• Withdrew consent (n = 2)
• Excluded from study by investigator (n = 1)
• Excluded from study by sponsor (n = 1)
• Other reason (n = 2)

Included in PP population
analysis (n = 81) 

Underwent procedure (n = 101)
• Received MicroShunt (n = 99)
• Did not receive MicroShunt (n = 2)

Discontinued study (n = 11)
• Lost to follow up (n = 4)
• Adverse event (n = 3)
• Withdrew consent (n = 2)
• Excluded for medical reasons (n = 1)
• Died during study participation (n = 1)

Enrolled (n = 107)

Excluded from PP population
(n = 20)
• Not meeting inclusion criteria (n = 10)a

• Meeting exclusion criteria (n = 7)b

• No IOP scores after month 6 (n = 3)c

Figure 1. Patient disposition. aReasons for not meeting inclusion criteria included patients with an intraocular pressure (IOP)< 18 or> 35 mmHg at baseline
(n¼ 7) and a type of glaucomaother than primary open-angle glaucoma (n¼ 3). bReasons formeeting exclusion criteria included prior laser surgery in the last 90
days (n¼ 3), previous incisional surgery in the last 6months (n¼ 2), and use of ocular hypotensivemedications in the fellow eye (n¼ 2). cThe patients who did
not receive the MicroShunt (n ¼ 2) were included in the patients who had no IOP score after month 6 (n ¼ 3). PP ¼ per-protocol.
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with a stab incision of the 1-mm triangular-bladed knife. A needle
tract was formed by passing a 25-gauge needle through the scleral
pocket, under the limbus and into the anterior chamber, approxi-
mately bisecting the cornea and iris, and then retracting the needle.
With the use of forceps, the MicroShunt was threaded through the
needle tract, and the 1.1-mmewide fins of the device were wedged
into the 1-mmewide scleral pocket. Flow of aqueous humor from
the anterior chamber through the lumen and out the distal end of
the device was confirmed before tucking the device beneath the
conjunctiva and Tenon’s capsule. The conjunctiva and Tenon’s
capsule were repositioned using 10-0 nylon or 8-0 or 9-0 Vicryl
sutures at the surgeon’s discretion. The surgical site was examined
for bleb leaks, and the corneal traction suture, if used, was
removed.

Intraocular pressure was measured using Goldmann applanation
tonometry. Slit-lamp biomicroscopy was used to evaluate any
changes in ocular status and the safety of the MicroShunt. Visual
acuity (VA) (measured by Snellen or Monoyer chart and converted
to logarithm of the minimum angle of resolution) and any potential
complications were evaluated at follow-up intervals.

End Points

The primary effectiveness end point of this 2-year study was IOP
reduction after 1 year of follow-up, with the determination of
success at year 1. Success was defined by patients who were not
pressure or surgical failures. Surgical failures were defined by
patients requiring additional glaucoma surgery in the operating
room (e.g., bleb revisions, new device implantation, trabeculec-
tomy, repositioning the MicroShunt). Bleb needlings were reported
but not considered failures. Pressure failures were defined by
patients out of the target IOP range (between � 6 and < 21, < 18,
or< 15 mmHg) or with less than 20% reduction from baseline on 2
consecutive scheduled follow-up visits after 3 months and did not
achieve 20% reduction below baseline in the last visit in which the
success rate was reported. Complete success was reported as
without the use of supplemental glaucoma medications and without
2 consecutive pressure failures. Qualified success was reported as
requiring supplemental medication to control IOP but without 2
consecutive pressure failures. Overall success is the sum of both
qualified and complete success. The secondary effectiveness end
points were success at year 2 and the number of glaucoma medi-
cations per patient. The primary safety end point was the incidence
of all device- or procedure-related AEs in the study eye during the
study. Additional safety end points were VA change from baseline
and the incidence of glaucoma reoperations.

Statistical Methods

Statistical analyses were performed with SAS System Version 9.2
(SAS Institute Inc.) or higher on locked databases. A sample size
of 85 was calculated as being required to demonstrate a
surgical success> 50% at year 1. Calculations were performed using
a 1-group chi-square test with a 5% alpha level and 80% power
(nQuery software). The sample size was increased to 100 to allow for
patients exiting the study before the year-1 visit. The intention-to-
treat (ITT) population was defined as all enrolled patients who
attended the procedure visit to receive the MicroShunt. Data for the
per-protocol (PP) population, defined as patients who had at least 1
IOP measurement collected at or after month 6 and had no major
3



Table 1. Patient Demographics and Baseline Characteristics
(Per-Protocol Population)

Demographics and Baseline
Characteristics

Overall Population
(N [ 81)

Age, yrs (mean � SD) 64.4 � 12.2
Range 28e85

Male, n (%) 36 (44.4)
Lens status, n (%)
Phakic 55 (67.9)
Pseudophakic 26 (32.1)

Medicated IOP, mmHg (mean � SD) 21.7 � 3.4
Range 18e33
IOP � 18 and � 21 mmHg, n (%) 45 (55.6)
IOP > 21 mmHg, n (%) 36 (44.4)

Medicated IOP, mmHg (median [IQR]) 20.0 (4.5)
No. of glaucoma medications (mean � SD) 2.0 � 1.3
Range 0e5

No. of glaucoma medications (median [IQR]) 2.0 (2.0)
VA, logMAR (mean � SD) 0.12 � 0.17
Range �0.1e1.0

VA, logMAR (median [IQR]) 0.10 (0.15)

IOP ¼ intraocular pressure; IQR ¼ interquartile range; logMAR ¼ loga-
rithm of the minimum angle of resolution; SD ¼ standard deviation;
VA ¼ visual acuity.

Ophthalmology Glaucoma Volume -, Number -, Month 2021
protocol deviations (i.e., deviations from the inclusion or exclusion
criteria) are reported herein. The PP population is included in all
effectiveness and safety end points; safety data for the ITT
population are also reported.

Quantitative end points are reported in terms of mean and SD or
median and interquartile range, and qualitative end points are
reported in terms of number and percentage of each modality.
Descriptive summaries are based on observed cases, with the
exception of the calculation of success rates, where missing IOP
measurements were replaced with the last observed IOP mea-
surement. The number of glaucoma medications at each visit was
calculated on the basis of medication start/end dates, visit date, and
study exit date. Adverse event summaries were based on AEs that
began on or before year 2 (or day 730 if dates were missing). The
MicroShunt surgery date was used if the AE start date was missing;
this date was then used to derive the resolution day. Summary
statistics for resolution day were missing if the corresponding pa-
tient had a missing end date (i.e., the AE was ongoing at study
exit). Device- and procedure-related AEs are presented together to
avoid double-counting and categorized as early (before or on
month 1) and late (after month 1), as suggested in the World
Glaucoma Association guidelines.17 Of note, serious AEs (SAEs)
are reported separately. Data collected after reoperation
(surgical failures) were excluded from the effectiveness and
safety analyses.

Post Hoc Analyses

Datawere analyzed in the subgroups of patientswith 0.2 or 0.4mg/ml
MMC; all statistical, comparative analysis of the varied concentration
of MMC was conducted retrospectively. Six patients received
an intermediate concentration of MMC of 0.28 mg/ml; because of
the small sample size, data from these patients were not included in
the majority of the subanalyses, with the exception of safety.

In addition, statistical methods for generating P values were
performed post hoc. P values were not adjusted by baseline
covariates or for multiplicity. The majority of P values were
calculated on the basis of 2 sample t tests (IOP measurements,
number of glaucoma medications, and VA change from baseline).
P values for success were calculated using a chi-square test.
P values for the procedure or device-related AEs, according to
MMC concentration, were calculated using the Fisher exact test.

Results

Study Patients

Patients were enrolled over a 1-year period and followed for
2 years; the first and last patient visits were in April 2014 and
November 2017, respectively. A total of 107 patients were enrolled
in the study, and of these, 101 attended MicroShunt procedure visit
(ITT population). Overall, 81 patients did not experience any major
protocol deviations and had at least 1 IOP measurement collected
after month 6; these patients comprised the PP population (Fig 1).
A total of 11 patients in the PP population discontinued the study,
and 1 patient received a second MicroShunt before year 2 (Fig 1).

Patient demographics and baseline characteristics for the PP
and ITT populations are shown in Table 1 and Table S2 (available
at www.ophthalmologyglaucoma.org), respectively.

Effectiveness

In the overall population, mean IOP � SD was reduced
from 21.7� 3.4 mmHg at baseline (N¼ 81) to 14.5� 4.6 mmHg at
4

year 1 (n ¼ 67; �7.7 � 4.6 mmHg; �31.4%; P < 0.0001) and
14.1 � 3.2 mmHg at year 2 (n ¼ 60; �7.8 � 4.1 mmHg; �34.1%;
P < 0.0001) (Fig 2; for year 1 data, Fig S3, available at
www.ophthalmologyglaucoma.org).

At year 1, overall success (defined as an absence of 2 consec-
utive pressure failures; outside target range or < 20% reduction
from baseline, with and without supplemental glaucoma medica-
tion use) was 74.1%, with 78.3% of these patients being complete
success (i.e., supplemental glaucoma medications not required to
maintain controlled levels of IOP) and 21.7% being qualified
success (i.e., requiring supplemental glaucoma medications to
maintain controlled levels of IOP). The same overall success rate
(74.1%) was observed at year 2, of which 80.0% were complete
and 20.0% were qualified success (Table S3, available at
www.ophthalmologyglaucoma.org). Fourteen patients (17.3%)
were classified as pressure failures at year 2. The success
probabilities are shown in Figure 4.

The mean � SD number of glaucoma medications per patient
decreased from 2.1 � 1.3 (N ¼ 81) at baseline to 0.5 � 0.9 at year
2 (n ¼ 61; P < 0.0001) (Fig 5). The percentage of medication-free
patients (regardless of IOP level) at year 2 was 73.8%. The types
and number of postoperative glaucoma medications varied between
sites (Fig S6, available at www.ophthalmologyglaucoma.org).

Safety

In the ITT population, device- or procedure-related nonserious AEs
and SAEs were reported in 57 (56.4%) and 7 (6.9%) patients,
respectively; the most common (�3%) nonserious AEs and all
SAEs that occurred by year 2, categorized by early (on or before
month 1) and late (after month 1) events, are shown in Table S4
(available at www.ophthalmologyglaucoma.org). In the PP
population, device- or procedure-related nonserious AEs and
SAEs were reported in 49 (60.5%) and 6 (7.4%) patients, respec-
tively. The most common (�3%) nonserious AEs and all SAEs that

http://www.ophthalmologyglaucoma.org
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Figure 2. (A) Postoperative intraocular pressure (IOP) levels compared with preoperative IOP at 2 years of follow-up. The diagonal line represents a 20%
reduction in mean IOP. (B) Mean and median medicated IOP over 2 years of follow-up (per-protocol population). The upper and lower borders of the box
indicate the 75th and 25th percentiles, respectively. The whiskers indicate the maximum and minimum values. The horizontal line and white symbol within
each box indicate the median and mean, respectively.
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occurred by year 2, categorized by early and late events, are shown
in Table 5. All SAEs resolved within 46 days, apart from 1 event
requiring unplanned surgical reintervention. In the PP population,
mean � SD VA logarithm of the minimum angle of resolution
scores changed from 0.12 � 0.17 (N ¼ 81) at baseline to
0.10 � 0.14 at year 2 (n ¼ 58). In the PP population, 8 patients
(9.9%) underwent a bleb revision alone by year 2. Needling or
postsurgical injection of the bleb with 5-fluorouracil was required
in 5 patients. In total, 6 patients required a reoperation. These are
further described in the MMC subgroup analysis.
5



2raeY1raeY9htnoM6htnoM3htnoMBaseline,
days 1 & 7,
weeks 3 & 6

2raeY1raeY9htnoM6htnoM3htnoMBaseline,
days 1 & 7,
weeks 3 & 6

2raeY1raeY9htnoM6htnoM3htnoM

A

B

C

81 78 75 68 63 55 55 55 52 3 0

0 90 180 270 360 450 540 630 720 810 900
Daysa

0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0

Su
ce

ss
 P

ro
ba

bi
lit

y

95% Hall-Wellner Band
95% Confidence Limits

At risk

0 90 180 270 360 450 540 630 720 810 900
Daysa

81 78 75 67 62 55 55 55 52 3 0
0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0

Su
ce

ss
 P

ro
ba

bi
lit

y

At risk

0 90 180 270 360 450 540 630 720 810 900
Daysa

81 78 75 62 58 51 51 51 48 3 0
0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0

Su
ce

ss
 P

ro
ba

bi
lit

y

At risk

95% Hall-Wellner Band
95% Confidence Limits

95% Hall-Wellner Band
95% Confidence Limits

Baseline,
days 1 & 7,
weeks 3 & 6

2raeY1raeY9htnoM6htnoM3htnoMBaseline,
days 1 & 7,
weeks 3 & 6

Figure 4. Success probabilities for the overall population according to intraocular pressure (IOP) target range over 2 years of follow-up (per-protocol
population): (A) IOP � 6 and < 21 mmHg, (B) IOP � 6 and < 18 mmHg, (C) IOP � 6 and < 15 mmHg. aSuccess was assessed in all patients (N ¼ 81);
44 patients had their year 2 visit after day 730.

Ophthalmology Glaucoma Volume -, Number -, Month 2021

6



0.50.5
0.4

0.3

0.1
0.10.1

0.1

2.1

81n = 81 81 80 78 75 72 69 61

0

2.0

1.5

1.0

0.5

2.5

3.5

3.0

4.0

Baseline Day 1 Day 7 Week 4 Month 3 Month 6 Month 9 Year 1 Year 2M
ea

n 
N

um
b

er
 o

f 
G

la
uc

o
m

a 
M

ed
ic

at
io

ns
 ±

 S
D

Figure 5. Mean (� SD) number of glaucoma medications per patient over 2 years of follow-up. SD ¼ standard deviation.

Beckers et al � A 2-Year Multicenter Study of the MicroShunt in POAG
Key Findings from Post Hoc Analyses: MMC
Subgroup Analysis

The surgery was performed using 0.2 mg/ml MMC in 32 patients
and 0.4 mg/ml MMC in 43 patients. Patient demographics and
disease characteristics were balanced between groups (Table 6).

In the 0.2 mg/ml MMC subgroup, mean IOP reduced from
20.9� 2.5 mmHg at baseline (n¼ 32) to 15.3� 5.9 mmHg at year 1
(n¼ 29;�7.0� 4.0mmHg;�25.6%) and14.4� 3.3mmHg at year 2
(n¼ 27;�6.7� 2.8mmHg;�30.6%). In the 0.4mg/mlMMCgroup,
mean IOPwas reduced from 21.9� 3.7mmHg at baseline (n¼ 43) to
13.7� 3.4mmHg at year 1 (n¼ 35;�8.2� 4.9mmHg;�35.7%) and
13.5 � 3.1 mmHg at year 2 (n ¼ 30; �8.8 � 4.9 mmHg; �37.6%).
There was a significant difference in IOP at month 6 between the
0.2 mg/ml and 0.4 mg/ml MMC groups (P ¼ 0.038), but the
difference was not significant at any other visit (Fig 7).

At year 1, the overall success rates (with and without supple-
mental glaucoma medication use) in the 0.2 mg/ml and 0.4 mg/ml
MMC groups were 78.1% and 74.4%, respectively (P ¼ 0.710). In
patients with overall success, the qualified success rates (target
pressure range between � 6 and < 21 mmHg) in the 0.2 mg/ml and
0.4 mg/ml MMC groups were 36.0% and 12.5%, respectively; the
complete success rate was 64.0% in the 0.2 mg/ml MMC group
compared with 87.5% in the 0.4 mg/ml MMC group. A similar
trend was observed at year 2. Of the 14 patients classed as treat-
ment failures, 7 patients were in the 0.2 mg/ml MMC group
(21.9%) and 7 patients were in the 0.4 mg/ml MMC group
(16.3%). The success probabilities are shown in Figures 8 and 9
(Table S7, available at www.ophthalmologyglaucoma.org).

In the 0.2 mg/ml MMC group, the mean number of glaucoma
medications was reduced from 2.2 � 1.3 at baseline (n ¼ 32) to
0.9� 1.1 at year 2 (n¼ 27) (51.9%medication free). In the 0.4mg/ml
MMCgroup, the number of glaucomamedicationswas reduced from
2.0� 1.3 at baseline (n¼ 43) to 0.1� 0.4 at year 2 (n¼ 31) (90.3%
medication free). A significant difference in the number of glaucoma
medications (Fig 10) and percentage of medication-free patients at
month 6 onward was observed between the 0.2 mg/ml and 0.4 mg/ml
MMC groups (P < 0.05) (Fig 10).

In the 0.2 mg/ml MMC group, mean VA changed from
0.12 � 0.15 (n ¼ 32) at baseline to 0.12 � 0.16 at year 2 (n ¼ 25).
In the 0.4 mg/ml MMC group, mean VA changed from
0.12 � 0.13 (n ¼ 43) at baseline to 0.08 � 0.12 at year 2 (n ¼ 30).
Although there was a trend for maintenance or slight improvement
of VA in the 0.4 mg/ml MMC group over 2 years, there were no
statistically significant differences between the groups in VA at any
visit.

Device- or procedure-related nonserious AEs were reported in 11
(34.4%) and 32 (74.4%) patients in the 0.2 mg/ml and 0.4 mg/ml
MMC subgroups, respectively. Serious adverse events were reported
in 2 (6.3%) and 4 (9.3%) patients in the 0.2 mg/ml and 0.4 mg/ml
MMC subgroups, respectively. In the 0.4mg/mlMMC subgroup, the
majority (56%) of nonserious AEs occurred before month 1,
compared with 16% in the 0.2 mg/ml MMC subgroup (P < 0.001).
Themost common (�3%) nonseriousAEs and all SAEs that occurred
by year 2, categorized by early and late events, are shown in Table 8.

Of the 8 patients undergoing a bleb revision, 5 were in the
0.4 mg/ml MMC group and 3 were in the 0.28 mg/ml MMC group.
Reoperations included bleb revision in combination with the im-
plantation of a new glaucoma surgical implant (2 patients in the
0.2 mg/ml MMC group), trabeculectomy (1 patient in the 0.2 mg/
ml MMC group), implantation of a second MicroShunt because it
was not possible to correctly position the first device (1 patient in
the 0.4 mg/ml MMC group), flap resuture (1 patient in the 0.4 mg/
ml MMC group), and sclerectomy for increased IOP (1 patient in
the 0.4 mg/ml MMC group).

Discussion

In this study, MicroShunt implantation in 81 patients with
POAG resulted in significant reductions in IOP and use of
glaucoma medications that were maintained over 2 years.
7
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Table 5. Summary of Procedure- or Device-Related Nonserious AEs (Occurring in � 3 % of Patients) and All SAEs in the Study Eye on
or before 2 Years of Follow-up (Per-Protocol Population)

AEs (Procedure or Device Related), n (%) Overall Population (N [ 81)

Timing of AE* Early (on or before Month 1) Late (after Month 1)

Patients with any nonserious AE 32 (39.5) 33 (40.7)
Increased IOP 3 (3.7)y 20 (24.7)y

Transient hypotony (< 6 mmHg) 9 (11.1) 0 (0.0)
Keratitisz 5 (6.2) 4 (4.9)
Leakage of wound site based on Seidel test 3 (3.7) 0 (0.0)
Pain 3 (3.7) 1 (1.2)
Flat anterior chamber 2 (2.5) 0 (0.0)
Hyphema 2 (2.5) 0 (0.0)
Diplopia 0 (0.0) 1 (1.2)
Corneal abrasion during surgery 1 (1.2) 0 (0.0)
Complication of device insertion 2 (2.5) 0 (0.0)
Cataract 0 (0.0) 1 (1.2)
Device touching cornea 0 (0.0) 1 (1.2)

Patients with any SAE 3 (3.7) 3 (3.7)
Event requiring unplanned glaucoma-related surgical reintervention 0 (0.0) 2 (2.5)
Keratitisx 1 (1.2) 0 (0.0)
Conjunctival dehiscence 1 (1.2) 0 (0.0)
Corneal ulcerk 1 (1.2) 0 (0.0)
Increased IOP 0 (0.0) 1 (1.2){

Leakage of wound site based on Seidel test 1 (1.2) 0 (0.0)

AE ¼ adverse event; IOP ¼ intraocular pressure; SAE ¼ serious adverse event.
*Patients who experienced multiple AEs are captured in both early and late categories depending on the AE start date.
yAfter the event of increased IOP, 9 patients received medication, 5 underwent surgical procedure, 3 received medication and surgical procedure, 2
underwent postsurgical injection of 5-fluorouracil, 2 underwent needling, 2 did not receive any intervention, and 1 received medication and needling. Some
patients required multiple actions for increased IOP.
zOne patient had an IOP increase of � 10 mmHg compared with baseline because of an encapsulated bleb.
xKeratitis is listed as an AE and an SAE depending on the severity of the reaction. The patient with an SAE of keratitis required hospitalization and
medication. Keratitis as an AE is a mild-to-moderate reaction resolved with medication.
kCorneal ulcer was defined as an epithelial erosion and was recorded as an SAE because of sponsor coding.
{After the SAE of increased IOP, 1 patient received medication and underwent a surgical procedure.
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Overall success (with and without supplemental glaucoma
medication use) was 74.1% at years 1 and 2.

Previously reported data from the first single-center study
conducted by Batlle et al15 also showed sustained reductions
in IOP after MicroShunt implantation, although IOP was
reduced in the preliminary study to a greater extent at year
Table 6. Patient Demographics and Baseline Characteristics for th

Demographics and Baseline Characteristics 0.2 mg/ml MMC (

Age, yrs (mean � SD) 64.0 � 12.
Male, n (%) 13 (40.6)
Lens status, n (%)
Phakic 24 (75.0)
Pseudophakic 8 (25.0)

Medicated IOP, mmHg (mean � SD) 20.9 � 2.5
IOP � 18 and � 21 mmHg, n (%) 22 (68.8)
IOP > 21 mmHg, n (%) 10 (31.3)

Medicated IOP, mmHg (median [IQR]) 20.0 (3.0)
No. of glaucoma medications (mean � SD) 2.2 � 1.3
No. of glaucoma medications (median [IQR]) 2.0 (2.0)
VA, logMAR (mean � SD) 0.12 � 0.1
VA, logMAR (median [IQR]) 0.10 (0.10

IOP ¼ intraocular pressure; IQR ¼ interquartile range; logMAR ¼ logarithm
applicable; SD ¼ standard deviation; VA ¼ visual acuity.
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2 (mean IOP at baseline: 23.8 mmHg; year 2: 11.9 mmHg)
compared with the current study (mean IOP at baseline:
21.7 mmHg; year 2; 14.1 mmHg). This difference in
effectiveness may be explained by the exclusive use of the
higher MMC concentration (0.4 mg/ml) with an application
time of 3 minutes and some patients who underwent
e Mitomycin C Subgroup Analysis (Per-Protocol Population)

n [ 32) 0.4 mg/ml MMC (n [ 43) P Value

4 64.4 � 12.5 0.884
22 (51.2) 0.366

28 (65.1) 0.359
15 (34.9)
21.9 � 3.7 0.195
23 (53.5)
20 (46.5)
20.0 (6.0) NA
2.0 � 1.3 0.497
2.0 (2.0) NA

5 0.12 � 0.13 0.984
) 0.10 (0.15) NA

of the minimum angle of resolution; MMC ¼ mitomycin C; NA, not
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combination surgery with phacoemulsification in the
preliminary study.15 Although the study by Batlle et al15

was conducted at a single site in the Dominican Republic
with a relatively homogeneous population consisting of
patients predominantly of Afro-Caribbean descent, the pre-
sent study assessed a stand-alone surgery for all patients that
was conducted acrossmultiple European sites and bymultiple
surgeons using various MMC concentrations and application
times between the sites. The differences in demographics,
varying surgical technique, and postoperative management
practices among the sitesmay have influenced the results. The
variations in results from multiple sites reported in this study
reinforce that a one-size-fits-all approach may not be suitable,
and although filtration surgery is a good option for many
patients, there is still a requirement to customize treatment
plans on an individual patient basis. Glaucoma medications
received by patients before surgery might have differed be-
tween the studies, whichmay have been a confounding factor.
Furthermore, there was a lower baseline IOP in this European
study (21.7� 3.4 mmHg) compared with the baseline IOP in
the study byBatlle et al15 (23.8� 5.3mmHg). At year 2 in this
European study, there was a trend toward greater IOP
reductions compared with year 1; this may be explained by
the exclusion of patients from analysis if they were
pressure/surgical failures before year 2 or prescribing
glaucoma medications for patients not achieving optimal
IOP control. This study also showed that the MicroShunt is
well tolerated in patients with POAG, supporting the
previously observed safety profile.15 Yet, more patients
experienced AEs in this study (60.5%) compared with
the study by Batlle et al15 (30.4%); again, the varying
clinical practice across multiple centers and larger patient
population in the current study may have contributed to
the higher incidence of AEs compared with the previous
single-site study.15

Postoperative IOP was similar between the 0.2 mg/ml and
0.4mg/ml subgroups at year 1 and year 2; however, there was
a trend toward greater IOP reduction with 0.4 mg/ml MMC
compared with 0.2 mg/ml MMC postoperatively after
month 6. Notably, in this study at month 6 onward, there was
a significant difference between groups in medication
reduction, and 90.3% of patients in the 0.4 mg/ml MMC
groupweremedication free at year 2 compared with only half
of the patients in the 0.2 mg/ml MMC group. The signifi-
cantly higher medication use from month 6 onward in
patients with 0.2 mg/ml MMC may have been caused by
fibroses of the bleb reducing aqueous outflow in these
patients. Alternatively, different prescribing practices among
sites may have contributed to the higher use ofmedications in
patients receiving 0.2 mg/ml. An MMC concentration of 0.4
mg/ml may have been considered more appropriate than 0.2
mg/ml MMC in the eyes of patients with more severe
disease by some surgeons included in the study. However, it
should be noted that this study was not powered to assess
the effects of different MMC concentrations, and all
comparisons between the MMC groups were conducted
post hoc. Therefore, further research to determine whether
the choice of MMC concentrations used by surgeons is
9



A

B

C

32 32 32 29 26 24 24 24 21 2 0

0 90 180 270 360 450 540 630 720 810 900
Daysa

0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0

Su
ce

ss
Pr

ob
ab

ili
ty

At risk

0 90 180 270 360 450 540 630 720 810 900
Daysa

32 32 32 29 26 24 24 24 21 2 0
0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0

Su
ce

ss
Pr

ob
ab

ili
ty

At risk

0 90 180 270 360 450 540 630 720 810 900
Daysa

32 32 32 26 24 22 22 22 19 2 0
0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0

Su
ce

ss
Pr

ob
ab

ili
ty

At risk

2raeY1raeY9htnoM6htnoM3htnoMBaseline,
days 1 & 7,
weeks 3 & 6

95% Hall-Wellner Band
95% Confidence Limits

2raeY1raeY9htnoM6htnoM3htnoMBaseline,
days 1 & 7,
weeks 3 & 6

95% Hall-Wellner Band
95% Confidence Limits

2raeY1raeY9htnoM6htnoM3htnoMBaseline,
days 1 & 7,
weeks 3 & 6

95% Hall-Wellner Band
95% Confidence Limits

Figure 8. Success probabilities for the 0.2 mg/ml mitomycin C (MMC) concentration and intraocular pressure (IOP) target range over 2 years of follow-up
(per-protocol population): (A) IOP � 6 and< 21 mmHg, (B) IOP � 6 and < 18 mmHg, (C) IOP � 6 and< 15 mmHg. aSuccess was assessed in all patients
(N ¼ 81); 44 patients had their year 2 visit after day 730.
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Figure 9. Success probabilities for the 0.4 mg/ml mitomycin C (MMC) concentration and intraocular pressure (IOP) target range over 2 years of follow-up
(per-protocol population): (A) IOP � 6 and< 21 mmHg, (B) IOP � 6 and < 18 mmHg, (C) IOP � 6 and< 15 mmHg. aSuccess was assessed in all patients
(N ¼ 81); 44 patients had their year 2 visit after day 730.

Beckers et al � A 2-Year Multicenter Study of the MicroShunt in POAG

11



*

0.9

0.1

*

0.8

0.3

*

0.7

0.1

0.6

0.1
*

0.1

0.1

0.0 0.00.0
0.1

0.0
0.1

2.2
2.0

0.2 mg/mL MMC 
0.4 mg/mL MMC

n = 32 43 32 43 32 43 32 42 32 42 32 40 32 37 30 36 27 31

0

2.0

1.5

1.0

0.5

2.5

3.5

3.0

4.0

Baseline Day 1 Day 7 Week 4 Month 3 Month 6 Month 9 Year 1 Year 2M
ea

n 
N

um
b

er
 o

f 
G

la
uc

o
m

a 
M

ed
ic

at
io

ns
 ±

 S
D
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dependent on case severity or individual preferences are
warranted.

Sanders et al18 found that for procedures such as
trabeculectomy, which is performed under the anterior
Tenon’s capsule, 0.2 mg/ml MMC was as efficacious as
higher MMC doses (0.4 mg/ml) with regard to IOP
reduction 1 year postsurgery. A rationale for this
equivalence may be that the presence of fewer fibroblasts
could allow for effective neutralization and saturation with
0.2 mg/ml MMC, implying that a dose of 0.4 mg/ml
MMC may be unnecessary. In other glaucoma filtration
procedures, a dose-response relationship has been
observed with MMC, but this has not been consistently
reported.19 Our findings suggest that, contrary to other
procedures, MMC dose may play an important role in
MicroShunt surgery outcomes and reflect the possibility
that more MMC is required in the mid-posterior part of
the eye where the MicroShunt drains, the Tenon’s capsule is
thicker, and more fibroblast may reside.20 However, some
AEs, such as transient hypotony, occurred more frequently
in the 0.4 mg/ml MMC group compared with the 0.2 mg/
ml MMC group; therefore, the adverse effects of a higher
MMC concentration need to be explored further.

Current bleb-based surgical approaches for glaucoma
management that are performed with adjunctive use of
MMC include XEN implantation and trabeculectomy.4,9

The Primary Tube Versus Trabeculectomy study reported
that in 242 eyes with uncontrolled glaucoma, baseline IOP
was reduced from 23.9 � 5.7 mmHg (mean � SD) to
12.4 � 4.4 mmHg at year 1 in the trabeculectomy group
and from 23.3 � 4.9 to 13.8 � 4.1 mmHg in the tube
shunt group. Further, the number of medications
12
were reduced from 3.2 � 1.1 to 0.9 � 1.4 in the
trabeculectomy group and 3.1 � 1.1 to 2.1 � 1.4 in the
tube shunt group.4 Postoperative intervention rates were
high in both the trabeculectomy (n ¼ 74; 63%) and tube
shunt (n ¼ 75; 60%) groups.4 Early postoperative
complications, such as wound leak and encapsulated bleb,
were higher after trabeculectomy compared with tube
shunt surgery.4 In addition, 14% of patients required bleb
needling after trabeculectomy.4 In contrast, in our study,
there was a low rate of postoperative interventions
observed after MicroShunt implantation; however,
randomized prospective clinical trial results comparing the
outcomes of MicroShunt surgery with the outcomes after
trabeculectomy or tube shunt implantation have not yet
been published.

Likewise, substantial postoperative interventions to
maintain IOP reductions have been required after more novel
bleb-forming procedures. In a prospective, multicenter study
of 65 patients with open-angle glaucoma, the mean
IOP change from baseline (25.1 � 3.7 mmHg) to year 1
(15.9 � 5.2 mmHg) was �9.1 mmHg after XEN implanta-
tion, yet during the 1-year follow-up period, needling was
required in 21 patients (32.3%).9 In a retrospective study
comparing trabeculectomy with XEN implantation, the
number of needling procedures was significantly higher in
the XEN group (n ¼ 13; 20%) compared with the
trabeculectomy group (n ¼ 3; 5.4%) (P ¼ 0.0182).10 In
contrast, in our study, there were a small number of
needlings or postsurgical injections of the bleb (n ¼ 5;
6.2%), and only 7.4% of patients required a reoperation by
year 2. The number of bleb revisions alone (n ¼ 8; 9.9%)
in the current study was comparable to, or lower than,



Table 8. Summary of Procedure- or Device-Related Nonserious AEs (Occurring in � 3% of Patients) and All SAEs in the Study Eye on or
before 2 Years of Follow-up (Per-Protocol Population)

AEs (Procedure or Device Related), n (%) 0.2 mg/ml MMC (N [ 32) 0.4 mg/ml MMC (N [ 43) P Value

Timing of AE:*
Early (on or before

month 1)
Late (after
month 1)

Early (on or before
month 1)

Late (after
month 1)

Early (on or before
month 1)

Late (after
month 1)

Patients with any nonserious AE 5 (15.6) 11 (34.4) 24 (55.8) 18 (41.9) <0.001 0.633
Increased IOPy 2 (6.3) 9 (28.1) 0 (0) 10 (23.3)z

Transient hypotony (< 6 mmHg) 0 (0.0) 0 (0.0) 7 (16.3) 0 (0.0)
Keratitisx 0 (0.0) 1 (3.1) 5 (11.6) 3 (7.0)
Leakage of wound site based on Seidel test 0 (0.0) 0 (0.0) 3 (7.0) 0 (0.0)
Pain 1 (3.1) 0 (0.0) 2 (4.7) 1 (2.3)
Flat anterior chamber 0 (0.0) 0 (0.0) 2 (4.7) 0 (0.0)
Hyphema 1 (3.1) 0 (0.0) 1 (2.3) 0 (0.0)
Diplopia 0 (0.0) 1 (3.1) 0 (0.0) 0 (0.0)
Corneal abrasion during surgery 1 (3.1) 0 (0.0) 0 (0.0) 0 (0.0)
Complication of device insertion 1 (3.1) 0 (0.0) 1 (2.3) 0 (0.0)
Cataract 0 (0.0) 1 (3.1) 0 (0.0) 0 (0.0)
Device touching cornea 0 (0.0) 1 (3.1) 0 (0.0) 0 (0.0)

Patients with any SAE 1 (3.1) 1 (3.1) 2 (4.7) 2 (4.7) 1.000 1.000
Event requiring unplanned glaucoma-related
surgical reintervention

0 (0.0) 1 (3.1) 0 (0.0) 1 (2.3)

Keratitisx 1 (3.1) 0 (0.0) 0 (0.0) 0 (0.0)
Conjunctival dehiscence 0 (0.0) 0 (0.0) 1 (2.3) 0 (0.0)
Corneal ulcerk 0 (0.0) 0 (0.0) 1 (2.3) 0 (0.0)
Increased IOP 0 (0.0) 0 (0.0) 0 (0.0) 1 (2.3){

Leakage of wound site based on Seidel test 0 (0.0) 0 (0.0) 1 (2.3) 0 (0.0)

AE ¼ adverse event; IOP ¼ intraocular pressure; MMC ¼ mitomycin C; SAE ¼ serious adverse event.
In total, 6 patients received 0.28 mg/ml of MMC; these patients were not included in the 0.2 or 0.4 mg/ml MMC analyses. P values were based on Fisher
exact test and not adjusted for baseline glaucoma medications or multiplicity.
*Patients who experienced multiple AEs are captured in both early and late categories depending on the AE start date.
yAfter the event of increased IOP, 9 patients received medication, 5 underwent surgical procedure, 3 received medication and surgical procedure, 2
underwent postsurgical injection of 5-fluorouracil, 2 underwent needling, 2 did not receive any intervention, and 1 received medication and needling. Some
patients required multiple actions for increased IOP.
zOne patient had an IOP increase of � 10 mmHg compared with baseline because of an encapsulated bleb.
xKeratitis is listed as an AE and SAE depending on the severity of the reaction. The patient with an SAE of keratitis required hospitalization and medication.
Keratitis as an AE is a mild-to-moderate reaction resolved with medication.
kCorneal ulcer was defined as an epithelial erosion and was recorded as an SAE because of sponsor coding.
{After the SAE of increased IOP, 1 patient received medication and underwent a surgical procedure.
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published data for other bleb-forming surgeries, such
as trabeculectomy (n ¼ 5; 4.7%)3 and XEN implantation
(n ¼ 80; 34.0%).21 In the 8 patients who underwent a bleb
revision, needling of the bleb may have been sufficient to
maintain the IOP-lowering effects of the MicroShunt, as
seen after failed trabeculectomies.22 However, the choice
between bleb needling or revision, and glaucoma
reoperation (trabeculectomy or tube shunt surgery), was at
the surgeon’s discretion, and because MicroShunt
implantation was a new technique, optimal postsurgical
management was still being determined throughout the
study. Comparative, prospective, randomized studies
between MicroShunt and XEN implantation have not been
conducted to date.

The current study has its limitations. The analysis pre-
sented outcomes from procedures performed by 10 surgeons
across 6 sites. The study was conducted after MicroShunt
approval in the European Union, but at the time of the study,
MicroShunt implantation was a new technique, and the
investigators’ experience with the device was limited.
Subsequently, optimal implantation technique and
postsurgical management were learned by the surgeons
throughout the study. Furthermore, differences were
apparent between surgeons and sites relating to concentra-
tion and time of application of MMC, glaucoma medication
prescription, and postoperative management practices. A
longer follow-up period is required to examine the IOP- and
medication-lowering effects of MicroShunt implantation
over time and assess the effect of this treatment on pertinent
factors, such as corneal endothelial cell density. Although
this study suggests that a higher concentration of MMC (0.4
mg/ml) may result in better efficacy outcomes after Micro-
Shunt implantation compared with a lower concentration of
MMC (0.2 mg/ml), this study was not powered to assess the
effects of different MMC concentrations, and all compari-
sons between the MMC groups were conducted post hoc.
Further, variation among surgeons, sites, and in the
placement and exposure time of MMC may have
confounded the results. Therefore, additional prospective
studies may be useful to determine the effects of different
MMC concentrations and optimal MMC delivery method
and placement.
13
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In conclusion, in this study, IOP and number of glau-
coma medications were reduced and maintained below
15 mmHg for up to 2 years postsurgery. Variability within
the results may be a result of differences in clinical practice
between multiple centers and individual surgeons’ surgical
techniques and learning curves. No long-term, sight-threat-
ening AEs were reported, and only a small number of
patients required needlings/postsurgical injections of the
bleb to maintain desirable IOP levels after MicroShunt
implantation. A clinical study is ongoing that aims to
14
compare the safety and efficacy of the MicroShunt with
trabeculectomy.23
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