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Purpose of review

To highlight progress in glaucoma therapy challenging the traditional medication-first approach and present
evidence supporting early standalone surgery in the era of micro-invasive glaucoma surgery (MIGS).

Recent findings

Medical therapy is limited by well documented poor adherence that compromises the quality of intraocular
pressure reduction. Results from modern clinical trials demonstrate advantages of selective laser
trabeculoplasty and MIGS procedures in terms of both IOP control and progression risk.

Summary

The MIGS options for pseudophakic or precataractous patients are limited by regulatory rules that require
the performance of some procedures only at the time of cataract surgery. These include the iStent/iStent
Inject and the Hydrus implants. Nonbleb-forming procedures currently available for standalone use in eyes
with mild--moderate primary open-angle glaucoma include gonioscopy-assisted transluminal trabeculotomy
(which lowers IOP by 28-61% and medication use by 38--73% in various studies), trabecular ablation with
the Trabectome (23--39% and 21--43%, respectively), excisional goniotomy with the Kahook Dual Blade
(15--36% and 15--40%, respectively), ab interno canaloplasty (35% and 57%, respectively), and
combined canaloplasty and trabeculotomy using the OMNI system (39--40% and 64--73%, respectively).
For patients who would benefit from early standalone surgery, these procedures offer meaningful reductions
in both IOP and medication burden.
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The traditional approach to glaucoma therapy – top-
ical medications as first line followed if needed by
laser and then surgery, all with the goal of lowering
intraocular pressure (IOP) – has been largely
unchanged for over 150years [1]. The development
of a family of procedures –collectively called micro-
invasive glaucoma surgery (MIGS) – addresses an
unmet need for a procedure for patients with mild-
to-moderate glaucomawhowould benefit from early
surgical management but whose therapeutic target
does not justify the risks of traditional procedures
such as trabeculectomy or tube-shunt implantation
[2–5]. The indications forMIGS include reduction of
IOP, reduction of themedication burden, or a combi-
nation of both. In general, standalone procedures are
more oftenperformedwith thegoal of IOP reduction,
while procedures combined with cataract surgery
are more likely to be performed with the goal of
medication reduction. Because as of this moment,
combination with cataract surgery and most payors
will not reimburse for their standalone use, some
MIGS stents are not available to patients who require
standalone surgery for IOP reduction. Further, the
benefits ofmedication reduction as a goal for surgical
intervention should not be underestimated, given
the significant and myriad limitations of medical
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KEY POINTS

� The traditional medication-first approach to glaucoma
therapy is not informed by recent advances in
nonmedical therapy.

� The effectiveness of medical therapy for glaucoma is
limited by poor adherence that can
compromise outcomes.

� Standalone MIGS procedures offer meaningful
reductions in both IOP and the medication burden in
eyes with mild--moderate POAG.

� The choice of MIGS for standalone use is currently
restricted by reimbursement policy that requires
concomitant cataract surgery for some
MIGS procedures.
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therapy. This article will review the limitations of the
current glaucoma treatment paradigm and make a
case for earlier use of standalone MIGS for modern
glaucoma management.
CHALLENGING THE CURRENT GLAUCOMA
TREATMENT PARADIGM

Medications, laser therapy, and surgical procedures
have all been shown to effectively reduce the risk of
glaucoma progression [6–10]. The order in which
they are traditionally deployed reflects the relative
risks and benefits of each option: medications effec-
tively lower IOP with low risk, while traditional
surgery delivers maximal IOP reduction but carries
significantly higher risk of potentially sight-threat-
ening complications. This treatment paradigm does
not reflect modern therapeutic innovations or our
expanding awareness of their strengths and limita-
tions, as described below.

Medications are not as effective in the real world
as we are led to believe based on clinical trial efficacy
outcomes. Topical solutions and suspensions ofmed-
ications – and fixed combinations thereof – can
effectively and safely lower IOP, but these treatment
options are not without significant limitations, the
most important of which relate to a trio of inter-
related factors: adherence, tolerability, and toxicity.
Patternsandcontributorstononadherencewithglau-
coma therapy have been comprehensively described
[11–14]. More than half of patients are nonadherent
with therapyafter 3–4years of treatment [15,16], and
at a cost: nonadherent patients are more likely than
adherent patients to experience disease progression
[17,18].Amongother factors,nonadherencehasbeen
linked to forgetfulness, the cost of therapy, and the
disincentive of side effects [11–14]. Side effects of
1040-8738 Copyright © 2022 The Author(s). Published by Wolters Kluwe
glaucoma medications can range from the cosmetic
(e.g. conjunctivalhyperemiawithprostaglandinana-
logue therapy [19]) to the minor (such as transient
stinging upon instillation) to the more significant
[such as prostaglandin-associated periorbitopathy
(PAP)]. PAP is a syndrome of gradual onset charac-
terized by eyelash changes that include lengthening,
thickening, and/or darkening, hyperpigmentationof
the iris andperiorbital skin,vellushairgrowth,poten-
tially irreversibledeepeningof theuppereyelid sulcus
(DUES),periorbital fat loss, ptosis, andenophthalmos
[20–23]. PAP is cosmetically displeasing, and DUES
and orbital fat loss in particular may also complicate
futureocular surgerybecauseofglobe retroplacement
into the orbit in the supine position. Recently, pros-
taglandin analogues have been shown to be associ-
atedwith a very high prevalence ofmeibomian gland
dysfunction, which is seen in up to 92% of patients
using a prostaglandin analogue [24]. In addition to
active ingredients, some excipient ingredients have
also been associated with ocular surface toxicity. The
most important contributor to ocular toxicity is ben-
zalkonium chloride (BAK), a preservative found in
�70% of all ophthalmic formulations [25,26]. BAK is
linked tomultiple cytotoxic effects on ocular surface
cells [27,28,29

&

] resulting in significant signs and/or
symptoms of ocular surface disease (OSD) in 30–70%
of patients using topical therapy [30–36]. The like-
lihood of developing OSD doubles with each addi-
tional BAK-containing eye drop prescribed [33]. OSD
symptoms can disincentivize adherence, leading to
poor disease control and the addition of more med-
ications in a vicious cycle.

Laser therapy – once a stopgap betweenmaximal
medical therapy and surgery – has evolved to a safe,
well tolerated, and repeatable form that can offer
long-termdisease control whenused as primary ther-
apy [9,37

&&

]. Several studies have compared primary
trabeculoplasty toprimarymedical therapy inadirect
challenge to themedications-first paradigm [8,9,38].
Among these, both the Glaucoma Laser Trial (using
argon laser trabeculoplasty) and the Laser in Glau-
coma and Ocular Hypertension Trial [using selective
laser trabeculoplasty (SLT)] demonstrated better vis-
ual field outcomes in laser-first eyes compared with
medications-first eye therapy [8,39], and there is early
evidence that a paradigm shift to primary SLT is
underway [40]. Further, the prospective, multicenter
COAST trial (Clarifying the Optimal Application of
SLTTherapy), supportedbytheUSNational Institutes
of Health, is actively enrolling newly diagnosed
and treatment-naive patients with mild–moderate
primary open-angle glaucoma (POAG) or high-risk
ocular hypertension to evaluate the optimal use of
primary SLT to prolong medication-free survival
[41

&&

].
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The glaucoma surgical landscape has evolved
substantially in the past decade. As far back as the
1990s, primary surgery was evaluated in the Moor-
fields Primary Therapy Trial (MPTT) [42] and the
Collaborative Initial Glaucoma Treatment Study
(CIGTS) [7], the former ofwhichdemonstrated better
visual field outcomes in the laser and surgery groups
compared with the medication group. In more mod-
ern times, MIGS procedures have begun to replace
traditionalprocedures for surgeonsaroundtheworld,
with consistent reductions in rates of trabeculectomy
with commensurate increases in rates of MIGS pro-
cedures in theUnited States [43

&

,44
&

], Germany [45
&

],
France [46], Australia [47], and Japan [48]. MIGS
procedures aregenerally somewhat less effective than
traditional filteringproceduresbuthaveamore favor-
able safety profile, positioning them well for early
deployment in patients with mild-to-moderate dis-
ease and modest treatment goals [2–5].

Together, these observations illustrate that the
long-held practice of starting with medications and
reserving surgery as a last resort does not reflect the
efficacy and safety of modern therapies andmay not
represent the optimal treatment of glaucoma today.
EXPANDING THE ROLE FOR STANDALONE
MICRO-INVASIVE GLAUCOMA SURGERY

Minimizing or eliminating the requirement to self-
administer topical medications is a desirable goal for
most patients. Freedom from (or a reduced need for)
drop therapy offers numerous advantages. The most
significant of these is that nonadherence can be
eliminated or, where adjunctive drop therapy is still
necessary, of less risk. Nonadherence increases
the risk of glaucoma progression, so by extension,
eliminating nonadherence may improve long-term
outcomes [17–18]. The ongoing side effects of
topical therapy can also be avoided, including the
development of preservative-related OSD. OSD
comorbid to glaucoma adversely affects quality of
life [49,50], and the use of BAK-preserved medica-
tions adversely affects quality of life more than BAK-
free medications [51,52]. MIGS improves the signs,
symptoms, and severity of OSD in patients using
topical medications preoperatively [53]. Further, the
MPTT demonstrated that surgery more effectively
prevented visual field progression than medical
therapy [42] (although this was not confirmed in
CIGTS [7]). Also, there are intuitive, intangible ben-
efits of a drop-free treatment regimen. Self-admin-
istration of one or more drops per day from one or
more bottles (and many glaucoma patients require
more than one medication for adequate disease
control [54–55]) is a hassle. It is time-consuming,
exposes patients to instillational side effects once or
140 www.co-ophthalmology.com
more daily, and further, it is a daily reminder of the
presence of a potentially vision-threatening condi-
tion for which the benefits of therapy are impercep-
tible to patients. The impact of this ‘hassle factor’ on
quality of life is difficult to measure, as there are no
validated instruments designed to measure the
impact of glaucoma treatment on quality of life. This
shortcoming was underscored by the LiGHT study’s
inability to demonstrate a quality-of-life benefit to
SLT over medical therapy [9] when intuitively one
should exist. Such an instrument – and specific to
vision-related quality of life in MIGS patients – is in
development in response to a recognized unmet
need for such a tool [56,57]. However, there are
some limited data on the relationship between
MIGS and quality of life. MIGS has been associated
with higher patient satisfaction and quality of life
compared with trabeculectomy [58]. Recently, an
analysis of data from the trabecular micro-bypass
(iStent Inject, Glaukos) demonstrated a higher pro-
portion of patients with improved quality of life
(using the general Vision Function Questionnaire
VFQ-25) following combined phacoemulsification
and implant surgery versus phacoemulsification
alone, supporting the benefit of MIGS on quality
of life; this improvement in quality of life was
associated with being medication-free [59

&&

].
One potential benefit to employing a procedure

to control IOP compared with a pharmaceutical
therapy may be a better quality of IOP reduction.
Pharmaceutical IOP reduction is inherently varia-
ble, with fairly wide peaks and troughs for most
agents shortly following and preceding dosing,
respectively. Additionally, not all eye drops work
well in the habitual nocturnal period [60,61]. Data
from the GEMINI study demonstrated that com-
bined canaloplasty and trabeculotomy with the
OMNI (Sight Sciences) reduced IOP fluctuations in
addition to lowering IOP 12months postoperatively
[62

&

]. Compliance with topical therapy is inherently
worse than laser or MIGS. In the LiGHT study, there
were fewer rapid progressors and fewer patients
requiringmajor glaucoma surgery in the laser group,
despite similar IOP measurements as drop-treated
eyes at study visits [39]. In the 3-year HORIZON
study, placement of the Hydrus (Ivantis) with cata-
ract surgery demonstrated a significant difference in
the risk of secondary glaucoma surgery at 3 years
compared with cataract surgery alone, despite the
IOPs in both groups being treated to roughly the
same level [63

&&

]. It is notable that eyes undergoing
cataract extraction alone requiredmoremedications
than those undergoing Hydrus placement with cat-
aract extraction. Therefore, a growing literature sup-
ports these findings that IOP-lowering procedures
may do a better job of reducing glaucoma
Volume 34 � Number 2 � March 2023



Table 1. Summary of efficacy outcomes of standalone

micro-invasive glaucoma surgery procedures

Procedure
Mean IOP
reductions

Mean
medication
reductions

GATT

POAG [67--70] 32--44% 38--72%

Secondary OAG [67,69--
73,74&,75&]

28--68% 49--86%

Refractory glaucoma [74&,76,77&] 40--51% 38--73%

Trabectome [81--86] 23--39% 21--43%

Excisional goniotomy (KDB)
[88--91,92&]

15--36% 15--40%

ABiC [94--96] 25--40% 46--79%

OMNI [100--102,103&] 27--40% 35--73%

IOP, intraocular pressure.
GATT, gonioscopy-assisted transluminal trabeculotomy, POAG, primary open-
angle glaucoma, OAG, open-angle glaucoma, KDB, Kahook dual blade,
ABiC, ab-interno canaloplasty.
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progression and/or secondary surgical intervention
than medically treated eyes.

These benefits of early surgery have not been
sufficient to justify the early use of traditional pro-
cedures such as trabeculectomy or tube-shunts, but
the emergence of MIGS procedures has tipped the
risk–benefit scale in favor of early surgery to afford
the aforementioned benefits of early surgery to
patients who otherwise would not be considered
appropriate surgical candidates. MIGS were
designed with safety in mind. The initial character-
ization of the MIGS family of procedures consisted
of five key features that would support their use
early in the treatment cascade: an ab interno
approach, minimally traumatic to the target tissues,
at least modest efficacy compared with traditional
procedures, greater safety than traditional proce-
dures, and rapid visual recovery with minimal
impact on quality of life [64].

Despite the rapid and widespread adoption of
MIGS (a >400% increase in utilization in the United
States from2013to2018[43

&

]),evidencesuggests that
theyremainbroadlyunderutilized.Anestimated18%
ofmore than21000 eyes undergoing cataract surgery
in amultilocationmanaged care practice had comor-
bid glaucoma [65]. Given that approximately 3.8
million cataract surgeries are performed annually in
theUnitedStates [66], anestimated684000eyeswith
glaucoma undergo cataract surgery annually. In
2018,only�40000MIGSprocedureswereperformed
inpatientswith a glaucomadiagnosis [43

&

]. By exten-
sion, therefore, there are many, many pseudophakic
patientswith glaucomawhodonot undergoMIGS at
the time of cataract surgery and who might benefit
from MIGS at a later date.

The MIGS options for these pseudophakic
patients are limited. Several MIGS procedures –
including the most commonly performed iStent/
iStent Inject (Glaukos) implantation – are restricted
by the labeled indication (in theUnited States) to use
in conjunction with cataract surgery and are not
covered by most payors as standalone surgery, ren-
dering themeffectivelyunavailable forpseudophakic
patientswith glaucoma inwhom surgerywould be of
value. These differential indications have significant
implications for access to surgery, as the vastmajority
of iStent implantations areperformedbycomprehen-
sive (primarily cataract) surgeons, while most
standalone procedures are performed by glaucoma
specialists [44

&

]. As of this writing, the only nonbleb-
based MIGS procedures reimbursable as standalone
procedures for mild-to-moderate glaucoma include
various forms of trabeculotomy, goniotomy, and
canaloplasty. There are two bleb-based MIGS
procedures [the Xen 45 gel stent (Allergan) and Pre-
serFlo microshunt (Santen/Glaukos)] indicated for
1040-8738 Copyright © 2022 The Author(s). Published by Wolters Kluwe
refractory glaucomas (the latter not yet approved in
the United States). Of note the iStent infinite, similar
to the iStent inject except that three stents are
implanted rather than two, was recently cleared in
the United States for standalone use in refractory
glaucoma. These devices are not considered herein
as the focus of this article is early surgery for patients
with mild–moderate glaucoma.
OUTCOMES OF STANDALONE MICRO-
INVASIVE GLAUCOMA SURGERY

Multiple studies have evaluated the outcomes of
trabeculotomy, goniotomy, and/or canaloplasty as
standalone procedures for glaucoma. In addition,
limited data are available on outcomes of stand-
alone implantation of trabecular micro-bypass and
Schlemm’s canal implants that are approved for
standalone use in some global markets (but not in
the United States). Results of these studies are dis-
cussed here and summarized in Table 1 below.
Ab interno trabeculotomy

The ab interno trabeculotomy procedure has been
described using either an illuminated or nonillumi-
nated microcatheter. GATT describes a procedure in
which a tip-illuminated microcatheter (iTrack, Nova
Eye Medical, Kent Town, SA, Australia) is threaded
throughSchlemm’s canal via anab internoapproach,
advanced the full 3608, then cheese-wired to perform
a complete trabeculotomy [67]. In retrospective
standalone studies with follow-up of 6–24months,
mean IOP reductions of 32–44% were reported in
eyes with primary open-angle glaucoma [67–70], of
r Health, Inc. www.co-ophthalmology.com 141
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28–68% in eyes with secondary open-angle glauco-
mas [67,69–73,74

&

,75
&

] and of 40–51% in eyes with
prior failed glaucoma surgery [74

&

,76,77
&

]; respective
mean reductions inmedicationuse ranged from38to
72%, 49 to 86%, and 38 to 73%. These large differ-
ences between studies are likely attributable to differ-
ences in patient characteristics, therapeutic goals
(IOP versus medication reduction), and follow-up
durations. TRAB360 (now part of the OMNI system,
Sight Sciences, Menlo Park, CA, USA) is similar to the
GATTprocedureexcept that anonilluminatedmicro-
catheter – blue in color to aid visualization during
passage – is utilized to perform the trabeculotomy.
In a pair of retrospective studies of 5–12months
duration, mean IOP reductions of 31–32% andmed-
ication reductions of 35–82% have been reported in
standalone cases [78,79].
Trabecular ablation

The Trabectome (MicroSurgical Technology, Red-
mond,WA,USA)utilizes anelectrocauteryhandpiece
to ablate a sector (typically less than 120 degrees) of
trabecular meshwork [80]. A meta-analysis reported
mean IOP reduction of 39% among six studies with
follow-up ranging from 12 to 60months [81]; mean
medication reductions among the included studies
ranged from 21 to 43% [82–85]. A more recent pro-
spective study reported mean IOP reduction of 23%
and medication reduction of 7%. A global registry
study of greater than 5000 cases reported mean IOP
reduction at 90months of 29% with medication
reduction of 38% [86]. These large data sets include
both standalone cases and those combined with
cataract surgery.
Excisional goniotomy

Excisional goniotomy is performedwith the Kahook
Dual Blade (New World Medical, Rancho Cuca-
monga, CA, USA), a disposable instrument incorpo-
rating a ramp that elevates and stretches the
trabecular meshwork leading to two parallel blades
that excise a strip of meshwork typically of 1208 or
less [87]. As a standalone procedure in prospective
and retrospective studies of 6–24months duration,
mean IOP reductions of 15–36% and mean medi-
cation reductions of 15–40% were reported [88–
91,92

&

]. These large ranges likely represent differ-
ences between samples in the dual indications for
MIGS: IOP reduction versus medication reduction.
In a single retrospective study that conducted a
subgroup analysis of eyes with high-baseline ver-
sus low-baseline IOP (with the assumption that
high-IOP eyes sought IOP reduction and low-IOP
eyes sought medication reduction), mean IOP
reduction in high-IOP eyes was 46% and mean
142 www.co-ophthalmology.com
medication reduction in low-IOP eyes was 36%
[89].

Canaloplasty

Ab interno canaloplasty is an evolution of suture
canaloplasty, an ab externo procedure that included
both viscodilation of Schlemm’s canal and the
placement of a 3608 tension suture within the canal
[93], that now consists of an ab interno procedure of
viscodilation and mechanical dilation of the canal
but without a retained tension suture [94]. Ab
interno canaloplasty (ABiC) utilizes the iTrack tip-
illuminated microcatheter to cannulate Schlemm’s
canal and dispense ophthalmic viscosurgical device
(OVD) throughout its circumference upon with-
drawal. In studies of ab interno canaloplasty with
the iTrack, mean IOP reductions at 1 year ranged
from 25 to 40% and medication reductions from 46
to 79%, with generally insignificant differences
between standalone and combined cases [94–96].
The VISCO360 procedure (performed with a non-
illuminated blue-colored microcatheter that is
now part of the OMNI system, Sight Sciences) has
been evaluated in a retrospective analysis of eyes
with high-baseline (�18mmHg) or low-baseline
(<18mmHg) IOP [97]. Mean IOP reduction was
41% in high-IOP eyes and unchanged in low-IOP
eyes, and both groups demonstrated an 89% reduc-
tion in medication use at 12months. Similar data
with longer follow-up have been published for the
OMNI systemwhen used for canaloplasty only, with
significant mean IOP and medication reductions of
36 and 32% at 18months [98].

Combined viscodilation and trabeculotomy

The OMNI surgical system (Sight Sciences) incorpo-
rates the historical TRAB360 and VISCO360 proce-
dures into an integratedplatformthat facilitates up to
a 3608 mechanical canaloplasty and viscodilation of
Schlemm’s canal and the collector channel openings
followedbyuptoa3608 trabeculotomy, ifdesired[99].
In studies of standalone procedures,mean IOP reduc-
tions of 27–40% and mean medication reductions
of 48–73% were seen with follow-up ranging from
12to24months[100–102]. Insubgroupanalysis,eyes
with high baseline IOP (>18mmHg) demonstrated
mean IOP reduction of 28% and medication reduc-
tionof29%,while low-baseline IOPeyes (�18mmHg)
demonstrated mean IOP reduction of 11% and med-
ication reduction of 35% [103

&

].

Trabecular meshwork and Schlemm's canal
implants

A recent meta-analysis of standalone trabecular
micro-bypass (iStent, Glaukos, San Clemente, CA,
Volume 34 � Number 2 � March 2023
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USA) implantation reported a mean IOP reduction
of 31% at 6–12months and remained consistent
(30.4–32.9%) through up to 60months of follow-
up [104

&&

]. The COMPARE study (included in the
iStent meta-analysis) was a prospective, randomized
comparison of two first-generation iStents versus a
single Schlemm’s canal microstent (Hydrus, Alcon,
Fort Worth, TX, USA) as standalone procedures in
eyes with open-angle glaucoma [105]. At 12months,
mean IOP reductions were 5 and 9% in the iStent
and Hydrus groups, respectively, and medication
reductions were 37 and 64%, respectively. In a pro-
spective, nonrandomized comparison of standalone
Hydrus to SLT in eyes with medically uncontrolled
POAG,mean IOP reductions at 12months were 26%
for the Hydrus and 31% for SLT and medication
reductions were 39 and 20%, respectively [106]. Of
note, neither of these devices is approved in the
United States for standalone use and must be paired
with cataract extraction.
CONCLUSION

Benefits of early surgery for glaucoma include the
elimination of nonadherence to topical medical
therapy with better disease control, avoidance of
medication-related side effects, and freedom from
the hassles of daily self-dosing. The family of MIGS
procedures represents an array of surgical options
for patients withmild-to-moderate open-angle glau-
coma whose therapeutic goals would otherwise not
justify the risk profile of traditional filtering proce-
dures. For pseudophakic patients, the MIGS options
are limited in the United States and some other
global markets by regulatory policy that precludes
standalone surgery for common procedures such as
iStent implantation that must be combined with
cataract surgery. For these patients who would ben-
efit from early surgery, the options include various
forms of trabeculotomy (GATT, Trabectome),
goniotomy (excisional goniotomy with the KDB),
canaloplasty (ABiC or OMNI), or a combination of
these (trabeculotomy and viscodilation with the
OMNI system). Data from studies of standalone
surgery support the use of these procedures for
patients withmild–moderate open-angle glaucoma.
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