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Abstract: Glaucoma is a common blinding disease; while there is no cure, effective

treatments include medications, laser, and incisional surgery. There is significant interest

from patients and doctors to develop safer surgical options throughout the spectrum of

disease, to minimize treatment burden in mild glaucoma patients and to minimize risk of

complications in patients needing more aggressive treatment. Surgical procedures called

Minimally or Micro-Invasive Glaucoma Surgery (MIGS) are growing in popularity. Eighty-

seven prospective studies on MIGS were identified and assessed for quality. Most (74%) did

not have a control group. Twelve of the highest quality were reviewed. MIGS procedures

appeared to have fewer complications, and lowered intraocular pressure, and reduced

medication use. Studies were limited by small sample size, narrow spectrum of glaucomatous

disease, and/or conflicts of interest. There is a need for high quality, independently funded

and performed, comparative studies on the MIGS to help make treatment decisions.
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Introduction
Traditional treatments for glaucoma and ocular hypertension include topical and

oral anti-ocular hypertensive medications, glaucoma lasers (such as trabeculoplasty

or cycloablation), and incisional surgery such as trabeculectomy or insertion of

glaucoma tube shunt. Recently, new glaucoma surgical procedures have increased

in popularity; these procedures are called Minimally or Micro- Invasive Glaucoma

Surgery (MIGS).

There are a variety of MIGS procedures – some performed with an implantable

device, some with the use of specialty surgical equipment, and some MIGS do not

require special equipment or implant. Common mechanisms of actions for MIGS

are: 1) Tissue-sparing cycloablation; 2) Trabecular meshwork bypass; 3) Non-

physiologic bypass. Many MIGS offer the potential advantage of a better safety

profile than traditional incisional glaucoma surgery.1 Further, the hope is that MIGS

may be equal to or more efficacious than topical anti-hypertensives; which may be

advantageous in patients who have barriers to medication adherence.2

Since these procedures are relatively new, the long-term safety and efficacy as

well as the reproducibility of MIGS procedures are still being determined. There are

many clinical scenarios where MIGS may be appropriate for a patient and may

offer advantages over traditional glaucoma therapies.3 Decisions on which clinical

scenarios to perform MIGS will be aided by a better understanding of the relative

safety and efficacy of the MIGS procedures.
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At the time of this review, there are many publications

surrounding MIGS – spanning from case series to rando-

mized clinical trials. As the literature expands, there is

a growing need to aggregate and compare study results

to draw conclusions from past MIGS studies. All studies

involving MIGS, however, do not have equal merit, thus

this review offers a critical appraisal of prospective studies

with regards to study design and length of follow-up, as

well as the funding sources and potential conflicts of

interest of the authors.

Materials and Methods
We systematically searched the published literature using

PubMed on November 14, 2018, using the following

terms: MIGS OR “minimally invasive glaucoma surgery”

OR “micro-invasive glaucoma surgery” OR trabectome

OR iStent OR CyPass OR “suprachoroidal shunt” OR

Xen OR Hydrus OR ECP OR ECPC OR “endoscopic

cyclophotocoaguation” OR GATT OR “gonioscopic-

assisted transluminal trabeculotomy” OR trabeculotomy

OR goniotomy OR “ab interno trabeculotomy” OR “ab

interno canaloplasty” OR “Kahook Dual Blade” OR KDB

OR Trab360 OR Visco360 OR ABiC OR Omni; AND

glaucoma. This search generated 6825 records. After filter-

ing for English-language (5568 records) and “prospective”

studies, the remaining 1015 records were reviewed by title

and abstract (JAR) and 877 were excluded (reasons: tra-

beculectomy only, trabeculoplasty only, pediatric patients,

angle-closure glaucomas). For the purposes of this review,

MIGS were defined as procedures done for the purpose of

treating glaucoma requiring an operating or procedural

room, without a conjunctival incision (needling, subcon-

junctival injections were allowed), and less invasive than

traditional trabeculectomy or glaucoma drainage device

surgery.

The remaining 138 articles were evaluated by title and

abstract to determine eligibility for inclusion. The inclu-

sion criteria were prospective studies on minimally inva-

sive glaucoma surgical outcomes, in adult patients with

open-angle glaucomas, and written in English. Studies that

were retrospective were excluded. The articles were

assessed independently by each author, followed by

a discussion where there was initial disagreement (19

references) with consensus reached (8 included, 11

excluded), resulting in a total of 83 articles to be included.

A hand search (by JAR) of references of recent relevant

review articles1,3–5 generated 8 additional articles, verified

for inclusion (by DG), resulting in a total of 91 articles for

review and quality assessment.

The quality of each of the articles was assessed based

on the criteria in Table 1 (DG and JAR). During the

quality assessment, 4 of the articles were excluded due to

being retrospective (one) or non-MIGS (three), resulting in

87 articles included in the quality assessment. The articles

with quality scores of 4 or greater and a control group

were selected for abstraction and review.

Results
Of the 87 articles included in the quality assessment

(Appendix Table), 36 articles described a MIGS procedure

done as a stand-alone intervention; 34 articles, combined

with phacoemulsification; and 16 articles, with both

patients with the MIGS as a stand-alone and MIGS with

phacoemulsification. One study (of quality of life)6 did not

indicate whether cataract surgery was done.

Forty-nine of the 87 articles (56%) had a quality score

of 1 or lower. Only 22 studies (25%) registered on

a national clinical trials database (Table 2). Most (64

Table 1 Quality Assessment Criteria

Quality Metric Point

Value

Evidence of Transparent Study Design

Registered in clinicaltrials.gov +1

Use of Control Group

Control treatment arm (e.g. placebo, sham surgery, etc) +1

Any control group included 0

No control group (for example, baseline metrics of

treatment group used)

−1

Masking

Masking of study participants to treatment group +1

Masking of study doctors to treatment group +1

No masking 0

Duration of Study Follow-Up

Follow-up greater than 2 years +1

Follow-up 1–2 years +1

Follow-up 6 months to 1 year 0

Follow-up less than 6 months −1

Independence of Funding

Government or independent foundational funding +1

Funded by the manufacturer or inventor 0

Conflicts of Interest

Authors without conflicts of interest +1

Authors with conflicts 0
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articles, 74%) of the prospective studies did not have

a control group. Over half of the studies (46 articles,

53%) were funded by the companies making the technol-

ogy. Over half of the studies (48 articles, 55%) were done

by authors with financial conflicts of interest. Most of the

studies lasted for at least 1 year, with 26 (30%) lasting for

2 or more years.

Many of the technologies and surgical techniques were

each described by a small number of prospective studies

(Figure 1) including endocyclophotocoagulation (ECP),7–11

MicroPulse,12,13 Ultrasound-based procedures,14,15 YAG

gonio procedures,16–18 micro trabecular procedures,19–23

Diathermy-based procedures,24,25 Excimer Laser,26 Kahook

Dual Blade (KDB),27,28 Hydrus,29–31 and CyPass.32–36

iStent, Trabectome, and Xen had the highest number of

prospective studies. There were 29 prospective studies of

the iStent (25 iStent,37–61 3 iStent inject,62–64 1 iStent

+Supra),65 with quality scores ranging from −1 to 5. There

were 16 prospective studies of the Trabectome,66–81 but

many described the outcomes of patients who had

Trabectome using data from the Trabectome Database;

thus, while the data were collected prospectively, the research

questions were asked retrospectively, and many of these

studies had lower quality scores based on lack of control

group. There were 11 prospective studies of the Xen,82–92 but

none included a control group.

Twelve articles (Table 3) were found to be higher

quality (scores of 4–6) and are summarized by technology.

Endocyclophotocoagulation (ECP)
In 1999, Gayton et al11 performed a prospective rando-

mized study comparing cataract surgery with either ECP

or trabeculectomy. The ECP was applied to 240–270

degrees using the same incision used for the cataract

surgery; the trabeculectomy surgeries (14 with mitomycin

C and 15 without) were performed at a separate site from

the cataract surgery wound. All patients had cataract sur-

gery with phacoemulsification (phaco) and posterior cham-

ber IOL placement. 58 patients (29 in each group) with

uncontrolled glaucoma requiring surgery were enrolled

and were followed for an average of 705 days (ECP

group) and 817 days (trabeculectomy group). Outcomes

measured included anterior chamber inflammation, IOP,

complications and failure rates. The phaco/ECP group

experienced less inflammation but similar IOP-lowering

after 1 month and similar rates of IOP control over time

(with and without medications). The phaco/trabeculectomy

group had lower mean IOP in the first month, higher

percentage with IOP controlled without medications

(42% vs 30%) but more complications (hyphema, early

hypotony). Treatment failures were similar between the 2

groups (4 in the ECP group, 3 in the trabeculectomy

group). Limitations included single site and limited size,

unknown glaucoma type and stage, and lack of masking

between groups; also, the stated purpose of the study was

to assess differences in inflammation not IOP between the

treatments. The authors had no financial conflicts of

interest.

In 2004, Lima et al10 performed a prospective com-

parative study (initial patient was randomly assigned, then

with consecutively alternating assignments afterwards)

comparing ECP with Ahmed tube shunt implantation.

The ECP was applied to 210 degrees nasally and included

treatment of the anterior pars plana and entire ciliary

process using scleral depression. 68 patients who were

pseudophakic with refractory glaucoma (elevated IOP>35

Table 2 Frequency of Quality Characteristics

Quality Characteristic Frequency (Percentage)

Registration with clinicaltrials.gov 20 (24%)

(2 registered in Japan)

Control Group

No control group (comparison

with baseline)

64 (74%)

No control group (comparison

with historical group)

5 (5.7%)

Non-matched control group 2 (2.3%)

Randomized control 16 (18%)

Masking of participants or doctors 6 (6.9%)

Follow-Up Period

2 years or greater 26 (30%)

1 to 2 years 46 (53%)

6 months to 1 year 12 (14%)

Less than 6 months 3 (3.4%)

Funding

Industry-funded 46 (53%)

No outside funding 22 (25%)

Government or foundation grant

support

6 (6.9%)

Unknown 13 (15%)

Conflicts of Interest (COI)

At least 1 author with COI 48 (55%)

16, all of the authors

30, most or all of the authors

No authors with COI 34 (39%)

Unknown 5 (5.7%)
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mmHg and at least 1 prior trabeculectomy) were included

in the study (34 in each group; power calculation of

98.2%) and were followed for an average of 20 months

(Ahmed group) and 21 months (ECP group). Outcomes

measured included IOP, survival (IOP >6 and <21, with or

without medications), and complications. The success

rates were similar between the ECP and Ahmed groups,

with fewer complications (e.g. choroidal detachment, shal-

low chamber, hyphema) in the ECP group than the Ahmed

group. The ECP group had more eyes with preserved

visual acuity. Limitations include single site, non-

randomized (but similar) groups, unknown stage of glau-

coma, and lack of masking of data collection; most

patients had secondary glaucoma, so it is unclear how

these data might apply to patients with primary open-

angle glaucoma. Financial conflicts of interest of the

authors were not included.

MicroPulse
In 2015, Aquino et al13 performed a prospective rando-

mized study comparing MicroPulse to continuous wave

transscleral diode cyclophotocoagulation, in patients with

refractory glaucoma (IOP>21 mmHg, poor candidates for

filtration surgery, and best-corrected vision worse than 6/

60). 48 patients (24 patients in each group; post hoc

estimated power of 0.97) were enrolled and received either

MicroPulse (2 Watts for 100 s treatment time, total 62.6

Joules) or continuous wave (1.5–2 Watts, 2 s, 20–28 spots,

total 60–112 Joules) laser treatment; they were followed

for 18 months. Patients and doctors measuring IOP were

masked to the treatment group. The primary outcome was

IOP between 6 and 21 mmHg and at least 30% reduction

with or without medications. The secondary outcomes

included number of repeat treatments, number medications

at 18 months, and complications. The MicroPulse group

had a greater percentage of patients with IOP between 6

and 18 mmHg and at least 30% IOP reduction (52% for

MicroPulse, 30% for continuous wave; p=0.13). About

half of the patients in each group required 2 or more

treatments. Both groups had a reduction in number of

medications. There were more complications (prolonged

inflammation, hypotony, phthisis bulbi) in the continuous

wave group, but there were also more patients with neo-

vascular glaucoma in that group. Limitations include sin-

gle site and limited size (considering diversity of ocular

co-morbidities); all patients had advanced glaucoma and
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Figure 1 Quality Scores by Technology. This scattered column graph displays the quality scores of individual studies of the technologies and surgical techniques. Each

manuscript was assessed using the quality scale shown in Table 1. The total score for each manuscript was plotted for each type of MIGS. The line indicates the median,

where appropriate. Similar techniques were grouped together (*) for single and few manuscripts. Ultrasound-based procedures included high intensity focused ultrasound

(HIFU)15 and ultrasonic circular cyclocoagulation (UC3).14 YAG gonio procedures included Er:YAG gonio puncture16,17 and Er:YAG goniotomy.18 Trabecular-based

procedures included ab-interno gonio trabeculotomy,19 ab interno trabeculectomy (with vitrectomy forceps),20 endoscopic trabecular surgery,21 irrigation/aspiration of

the trabecular meshwork,22 suture trab 360.23 Diathermy-based procedures were intrastromal diathermal keratostomy (IDK).24,25
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Table 3 Studies Selected for Review

First Author, Year

Type of MIGS

With

Cataract

Surgery?

Key Findings Quality

Score

Lima 200410

Endoscopic cyclo-

photocoagulation (ECP)

Stand-alone ECP vs Ahmed (in refractory glaucoma)

Success rates were similar between the ECP and Ahmed groups, with fewer

complications in the ECP group.

Number of patients: 68 (54 at 24 months)

4

Gayton 199911

Endoscopic cyclo-

photocoagulation (ECP)

With cataract

surgery

Phaco/ECP vs phaco/trab

The phaco/ECP group had less inflammation but similar IOP-lowering after 1 month and

similar rates of IOP control over time.

The phaco/trab group had lower IOP early, higher percentage with IOP controlled

without medications (42% vs 30%) but more complications.

Number of patients: 58 (variable follow-up)

5

Aquino 201513

Micropulse

Stand-alone Micropulse vs continuous wave transscleral diode cyclophotocoagulation (in refractory

glaucoma)

The micropulse group had more patients with IOP controlled (52% for micropulse, 30%

for continuous wave; p=0.13).

More complications in the continuous wave group.

Number of patients: 48 (46 at 18 months)

6

Quaranta 199919

Ab-interno gonio

trabeculotomy

Stand-alone Ab-interno gonio trabeculotomy vs trabeculectomy

The trabeculectomy group had lower IOP early, but the groups had similar IOP after 6

months.

The rate of complications, especially serious ones, were higher in the trabeculectomy

group.

Number of patients: 32 (32 at 24 months)

5

Vold 201658

iStent

Stand-alone 2 iStents vs Travatan (in treatment-naïve POAG)

IOP was reduced in both groups. Visual field data were similar.

More of the patients in the iStent group had IOP<18.

Two operative complications the iStent group were hyphema and iridodialysis.

Treatment groups were not masked and standardized cataract grading was not done.

Number of patients: 101 (100 at 24 months, 73 at 36 months)

4

Fernandez-Barrientos

201059

iStent

With cataract

surgery

Phaco/iStent vs phaco alone (POAG or ocular hypertension)

Trabecular outflow facility increased in both groups, more so in the phaco/iStent group.

The phaco/iStent group had greater IOP reduction.

Both groups needed fewer medications after surgery, more so in the phaco/iStent group.

Number of patients: 33 (all at 12 months)

4

Fea 201060

iStent

With cataract

surgery

Phaco/iStent vs phaco alone

At 15 months, the phaco/iStent group needed fewer medications and had lower washed

out IOP than the phaco alone group.

Number of patients: 36 (33 at 15 months)

5

Fea 201561

iStent

With cataract

surgery

Follow-up findings from above, at 4 years

The difference in mean IOP was not statistically significant between the groups.

The washed out IOP was lower in the phaco/iStent group than in the phaco alone group.

Both groups used fewer medications compared with their baseline, and there was no

difference between the phaco/iStent and phaco alone groups.

Number of patients: 24 of the 36 patients above at 4 years

5

(Continued)
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poor vision. Financial conflicts of interest of the authors

were not included.

Ab-Interno Gonio Trabeculotomy
In 1999, Quaranta et al19 performed a prospective rando-

mized study comparing ab interno goniotrabeculotomy to

trabeculectomywith mitomycin C, in patients with medically

uncontrolled primary open-angle glaucoma. All patients

were white and had a medicated IOP>/=22 mmHg and no

prior bulbar surgery. 32 patients (16 in each group, power

>0.78) were randomized to either standardized trabeculect-

omy with mitomycin C (0.3mg/mL for 3 mins) or ab-interno

goniotrabeculotomy. This procedure was done under direct

gonioscopic view using a Swan’s goniotome creating a 45-

degree incision of the iridocorneal angle (deep enough to

incise Schlemm’s Canal) in the superonasal quadrant. The

patients were followed for 24 months. Outcomes included

IOP, diurnal IOP measurements, and post-operative compli-

cations. The trabeculectomy group achieved lower mean IOP

in the first 1–3 months, but the groups had similar mean IOP

after 6 months. The rate of complications, especially serious

complications, was higher in the trabeculectomy group

(hypotony maculopathy in 1 patient, blebitis in 2 patients).

Limitations include single site and single surgeon, limited

size, lack of masking of data collection, unknown stage of

glaucoma, and all patients were white. The authors had no

financial conflicts of interest.

iStent
In 2010, Fernandez-Barrientos et al59 performed a prospective

randomized study in patients with open-angle glaucoma or

ocular hypertension who were undergoing cataract surgery.

They assessed aqueous humor dynamics (using fluorophoto-

metry), safety, and efficacy of the iStent. They included 33 eyes

from 33 patients with POAG or OHT, a medicated IOP >17

and <31 mmHg, and an IOP >21 and < 35 mmHg after

appropriate washout. Eyes were randomized to receive

either: 1) 2 iStent device with cataract surgery or 2) cataract

Table 3 (Continued).

First Author, Year

Type of MIGS

With

Cataract

Surgery?

Key Findings Quality

Score

Fea 201729

Hydrus

Stand-alone Hydrus vs SLT (in uncontrolled POAG)

At 1 year, both groups had reduced IOP significantly.

The Hydrus group were using less medications at 12 months, and more were off of

medications, than in the SLT group.

This study was not randomized.

Number of patients: 56 (55 at 12 months)

4

Pfeiffer 201530

Hydrus

With cataract

surgery

Phaco/Hydrus vs phaco alone (in POAG)

More patients in the phaco/Hydrus group had >20% IOP reduction than the phaco alone

group.

Washed out IOP was lower in the phaco/Hydrus group and more of those patients were

off of medication.

One device-related adverse event of peripheral anterior synechiae was reported.

Number of patients: 100 (78 at 24 months)

5

Samuelson 201931

Hydrus

With cataract

surgery

Phaco/Hydrus vs phaco alone (in mild-moderate glaucoma)

At 24 months, unmedicated IOP was reduced in more of patients in the phaco/Hydrus

group, and by a larger amount.

Medications were reduced in both groups, more so in the phaco/Hydrus group.

There were more adverse events in the Hydrus group, and most were not serious.

Number of patients: 556 patients (95% at 24 months)

6

Vold 201636

CyPass

With cataract

surgery

CyPass/phaco vs phaco alone

77% of CyPass group had >20% reduction in unmedicated IOP, compared to 60% phaco

alone at 24 months.

Low rate of complications in both groups and high proportion with good visual acuity.

Number of patients: 505 (480 at 24 months)

5
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surgery alone. After surgery, there were no significant changes

in aqueous flow. Trabecular outflow facility increased in both

groups: at one year 0.45 ± 0.27 uL/min/mm Hg in the group

receiving phaco/iStent and 0.19 ± 0.05 uL/min/mm Hg in the

cataract surgery alone group (p = 0.02). IOP reduction in the

phaco/iStent groupwas 6.6 ± 3.0mmHgvs 3.9 ± 2.7mmHg in

the cataract surgery alone group (p =0.002). Medications use

was 0.0 vs 0.7 ± 1.0, respectively; p = 0.007); both groups had

a reduction in number ofmedications frombaseline. Six (18%)

of the iStents were in malposition, including one that fell out

the trabecular meshwork and remained in the base of the iris.

No complications were reported in either group. Limitations

include small sample size and short follow-up. This study was

part of a clinical trial listed on ClinicalTrials.gov

(NCT00326066) and was funded by the sponsor (Glaukos).

Multiple authors received funding from the sponsor.

Also in 2010, Fea et al60 performed a prospective dou-

ble-masked randomized clinical trial, on patients in Italy

with primary open-angle glaucoma who had phacoemulsi-

fication or phacoemulsification plus iStent implantation.

This study included 36 patients/eyes: 24 in the control

group (phaco alone) and 12 in the phaco/iStent group.

There was one capsular rupture and one death in the control

group. At 15 months, medication used was lower in the

phaco/iStent group (0.4 ± 0.7 vs 1.3 ± 1.0; p= 0.007). At 16

months, after medication washout, IOP was 16.6 ±

3.1mmHg in the phaco/iStent group compared with 19.2 ±

3.5mmHg for the phaco alone group (p = 0.042); these IOP

measurements were not significantly lower than baseline.

Two iStents were in malposition, but no safety events were

reported in the iStent group. As in the preceding study,

limitations included small sample size and limited follow-

up. The authors disclosed no financial conflicts of interest.

In 2015, Fea et al61 reported 4-year data on their original

cohort of patients.60 This study included 24 patients/eyes

(14 control; 10 iStent). At 4 years, post-operative mean IOP

was 15.9 ± 2.3 mmHg in the phaco/iStent group and 17 ±

2.5 mmHg in the phaco group (p= NS). After washout,

IOPs were 17.5 ± 2.3mmHg and 20.4 ± 3.2mmHg, respec-

tively. In the phaco group, there was an increase in IOP

after washout compared to before washout (p= 0.04). There

was no significant reduction in IOP from baseline in either

group. Both groups had a reduction of medication from

baseline (0.5 ± 0.8, p= 0.005 in the phaco/iStent group;

and 0.9 ± 1.0, p= 0.01 in the phaco group), but no differ-

ence between the groups. No long-term adverse events were

reported in either group. This study was limited by its small

sample size. This study was part of a clinical trial listed on

ClinicalTrials.gov (NCT00847158). The authors declared

that they have no conflict of interests.

In 2016, Vold et al58 prospectively studied the efficacy

and safety of iStent in phakic patients with POAG (IOP

≥21 and <40) that were naive to treatment. This was an

open-label trial conducted in Armenia and patients were

randomized to travoprost or to 2 iStent devices. One

hundred and one subjects were randomized (54 iStent; 47

travoprost) and 3-year results were reported. At 3 years,

IOP was 14.6 (baseline 25.5) mmHg in the iStent group

and 15.5 (baseline 25.1) mmHg in the travoprost group.

The group reports 91% of patients had IOP <18 and are on

no medications in the iStent group; compared with 79% in

the travoprost group. Two operative complications in the

iStent group were hyphema and iridodialysis, with no

long-term ocular sequelae reported. Visual field data

were reported as similar between the two groups at the

3-year time point. Limitations include lack of masking,

and the authors acknowledge that standardized grading of

cataract was not used. This study was conducted in

Armenia and may not be generalizable to other popula-

tions. The trial was registered on ClinicalTrials.gov

(NCT01443988) and funded by the sponsor (Glaukos).

All authors disclosed financial support from the sponsor.

Hydrus
In 2015, Pfeiffer et al30 reported the results of

a prospective multicenter randomized controlled trial of

patients with POAG. Patients were randomized the

Hydrus Microstent with cataract surgery or cataract sur-

gery alone. Enrolled patients had a medication IOP ≤24
and a washed out diurnal IOP of 21 to 36. One hundred

eyes from 100 patients were enrolled and followed for 2

years, medication washouts were repeated at 12 and 24

months. The main outcome was a 20% reduction in

washed-out diurnal IOP. In the phaco/Hydrus group,

80% of patients met the main outcome compared to 46%

in the cataract surgery alone group (p = 0.0008). At 24

months, washed-out diurnal IOP were 16.9 ± 3.3 mmHg

vs 19.2 ±4.7 mmHg (p = 0.0093), respectively. Also at 24

months, 73% were off medication in the phaco/Hydrus

group compared to 38% in the cataract surgery alone

group (p = 0.0008). One device-related adverse event of

peripheral anterior synechiae was reported. A limitation of

this study was it was performed in a 98% white population

in Europe and may not be generalizable to other popula-

tions. The trial was registered on ClinicalTrials.gov

(NCT01818115) and funded by the sponsor (Ivantis).
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Multiple authors disclosed conflicts of interest and

received funding from the sponsor.

Samuelson et al31 published on the HORIZON study,

a prospective multicenter, single-masked, randomized-

controlled trial. Patients with mild-to-moderate open-angle

glaucoma (mean deviation on HVF of −12 or better) were

randomized to Hydrus Microstent with cataract surgery com-

pared to cataract surgery alone. Patients had a medicated IOP

<21 and a washed-out modified diurnal IOP between 22 and

34 mmHg. The main outcome was 20% reduction in unme-

dicated diurnal IOP at 2 years. This study was conducted at

26 US sites and 12 International sites. Enrolled patients were

randomized 2:1, resulting in 369 eyes in the phaco/Hydrus

group and 187 phaco alone. There were 6 cases of Hydrus

malposition and 10 reported complications (4 hyphema, 1

cyclodialysis, 1 device in iris root, 1 iridodialysis, 2 corneal

abrasion, 1 Descemet’s Membrane detachment). At 24

months, unmedicated diurnal IOP was reduced by >20% in

77.3% of phaco/Hydrus group and 57.8% of the phaco group

(p < 0.001). Unmedicated IOP was reduced by 7.6 ± 4.1

mmHg in the phaco/Hydrus group and 5.3 ± 3.9mmHg in the

phaco group (P < 0.001). Medications were reduced 1.7 ± 0.9

at baseline in both groups to 0.3 ± 0.8 in the phaco/Hydrus

group and 0.7 ± 0.9 phaco group (P < 0.001). There were

more adverse events in the Hydrus group with the most

common being non-obstructive focal PAS (14.9% vs 2.1%),

conjunctivitis (5.7% vs 7.0%), and uveitis (5.6% vs 3.7%).

Limitations of this study include that it was performed in

a predominately white population and surgeons had limited

experience with device. The trial was registered on

ClinicalTrials.gov (NCT01539239) and funded by the spon-

sor (Ivantis). Multiple authors disclosed conflicts of interest

and received funding from the sponsor.

Fea et al29 prospectively compared IOP and medication

reduction of SLT versus the Hydrus Microstent in 56

patients/eyes with uncontrolled POAG. At 12 months, IOP

reduced in the SLT group from 23.2 ± 2.15 mmHg to 15.9

±2.49 mmHg IOP and in the Hydrus group from 23.1 ± 5.08

mmHg to 16.5 ±2.6 mmHg. The Hydrus group had a greater

reduction of medication use at 12 months (−1.4 ± 0.97 vs

−0.5 ± 1.05, p=0.001). 47% of patients were medication-free

at 12 months in the Hydrus group and 4% in the SLT group.

Two patients had IOP spikes and three patients had decreased

visual acuity in the early post-operative phase in the Hydrus

group. Limitations of this paper include that it was nonran-

domized, small sample size, non-generalizable population

(study conducted in Italy), and limited follow-up. One author

had a conflict of interest (consultant for Ivantis).

CyPass
In 2016, Vold et al36 performed a prospective randomized

study comparing cataract surgery with CyPass supracili-

ary microstent to cataract surgery alone, in patients with

mild to moderate primary open-angle glaucoma. 505

patients were included (131 in the control group, 374 in

the CyPass group; appropriately powered) and followed

for 24 months. Patients and technicians were masked to

treatment group. The primary outcome measured was

proportion of eyes with unmedicated diurnal IOP reduc-

tion >/=20% at 24 months compared with baseline.

Secondary outcomes were mean unmedicated IOP reduc-

tion at 24 months and the proportion of eyes with unme-

dicated IOP between 6 and 18 mmHg. Additional

outcomes included number of medications, adverse

events, and proportion with best-corrected visual acuity

of 20/40 or better. 77% of patients in the phaco/CyPass

group had >20% reduction in unmedicated IOP, com-

pared to phaco alone (60%), at 24 months. The phaco/

CyPass group had greater unmedicated IOP reduction at

24 months (−7.4 with CyPass, −5.4 for phaco alone); and

this group also had greater proportion with unmedicated

IOP between 6 and 18 mmHg (65% with CyPass, 44%

for phaco alone). Both groups had fewer medications

after surgery, with a greater effect seen in the CyPass

group. There was a low rate of complications in both

groups and high proportion with good visual acuity.

Limitations include predominantly white population

(84%) and that a majority of the authors have financial

conflicts of interest; the study population was limited to

mild-to-moderate primary open-angle glaucoma and the

majority of outcomes were unmedicated measurements

which may limit how these data might apply to others.

Note that the CyPass is currently voluntarily withdrawn

from the market (https://www.alcon.com/media-release

/alcon-announces-voluntary-global-market-withdrawal-

cypass-micro-stent-surgical).

Discussion
This survey of the ophthalmic literature on prospectively

performed studies of MIGS revealed a wide range of

quality, from case series with no control group to masked

randomized controlled studies. While this is an active area

of research with a large number of studies (87 identified

that met our criteria), there were few of the highest quality.

Notable, even some identified of highest quality had sig-

nificant limitations, particularly in sample size and
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conflicts of interest. These studies also focus on narrow

subsets of glaucoma, for example mild glaucoma or refrac-

tory glaucoma, which limits their generalizability.

The most common deficiency among the studies assessed

was a lack of a control group. Most of the studies identified

used the patients’ baseline metrics for comparison for sub-

sequent effect of the treatment and all patients included

received the treatment (no control group); this study design

can give the false impression of a positive effect from the

treatment because of the phenomenon of regression to the

mean.93 This phenomenon happens when a nonrandom

group (for example, patients with uncontrolled glaucoma)

are selected for a treatment (such as glaucoma surgery) and

two clinical variables are measured (such as IOP before and

after the surgery). When that first measurement is extreme

(for example high IOP), by chance alone, the second is going

to be lower, giving the potentially false impression that the

treatment has been effective.94 A randomized controlled

study design will differentiate between a real treatment effect

and one that is due to chance or regression to the mean.

Also of note was the degree to which much of this litera-

ture is based on studies designed and funded by the compa-

nies making the MIGS technology. This partnership between

surgeons and industry is essential for the innovation needed to

continue to drive advances for the care of glaucoma patients,

but clinicians cannot base decision-making solely on poten-

tially biased data. Additional studies funded by governmental

and foundational sources, such as those done for medical and

surgical care of glaucoma previously (for example:

EMGTS,95 TVT)96 are needed to confirm results.

There have been other systematic reviews and studies

that have pooled the data for MIGS studies from the

literature. As we found in our review, a consistent finding

was that higher quality of evidence and study design are

needed to more fully evaluate MIGS.

Lavia et al97 used the Preferred Items for Systematic

Reviews and Meta-Analyses Guidelines in their review of

MIGS procedures/devices, but cyclodestructive procedures

were not included. Thirty-three studies were included in their

study, nine of which were randomized controlled trials

(RCT). They concluded that MIGS studies showed reduction

of IOP, reduction of glaucoma medication, and a good safety

profile, but much of these data came from comparative case

studies, identifying a need for more RCTs of MIGS.

Similarly, in the systemic review by Agrawal and

Bradshaw,5 nine RCTs were included and some MIGS pro-

cedures/devices were found to have no RCTs. They

suggested that more “real world studies” and economic stu-

dies are needed to evaluate MIGS.

In a recent review of MIGS by Mathew et al,98 they

applied the World Glaucoma Association Guidelines for

surgical trials to the MIGS literature. Pooling the data of

the 25 studies in their analysis (10 of which were RCTs),

there was only 45.6% compliance of the 53 WGA guide-

lines they selected. Similar to our review, they found that

64% of the studies they considered had industry associa-

tion. Study methodology, definition of success, follow-up

time, and economic evaluation were also found to be

lacking. Future MIGS studies may consider WGA guide-

lines when designing their trial or reporting results.

Ultimately the goal of higher quality evidence is to

improve clinical decision-making. At present, there are

not enough high-quality data regarding MIGS for evi-

dence-based practice guidelines. Michaelov99 found that

only three international clinical practice guidelines men-

tioned MIGS, and none provided specifics for their uses.

Just as MIGS offered an unmet need in glaucoma care,

there remains an unmet need in proper evaluation of and

guidelines related to MIGS use.

Conclusions
While there is significant interest and scholarly activity

regarding MIGS, with many prospective studies on their

use for glaucoma care, there are few higher quality studies

and only a handful of randomized controlled studies. Of

the higher quality studies, many are limited by small

sample size, narrow spectrum of glaucomatous disease,

and/or conflicts of interest. There is a need for high qual-

ity, independently funded and performed, comparative stu-

dies on the MIGS to help glaucoma doctors and patients

make treatment decisions.
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