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One of the most impactful recent developments in the glaucoma
community has been the concept of interventional glaucoma. In
brief, this paradigm shift involves proactive rather than reactive
intervention to address glaucoma earlier in the disease process,
including in both standalone and combination-cataract settings. By
intervening earlier with minimally invasive surgical, laser, or drug-
delivery treatments instead of prolonged topical medications, in-
terventional glaucoma aims to take the burden of medication
compliance off the patient. It also allows for standalone surgical

interventions rather than letting cataract surgery dictate the glau-
coma treatment plan. This interventional mindset has been made
possible by the increasing diversity and availability of effective
minimally invasive treatment options. With these options as
a springboard, it is time to reevaluate and advance the traditional
glaucoma treatment paradigm.
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The past decade has ushered in a substantial shift in
the treatment paradigm for glaucoma. One of the
most disruptive technological advances has been the

introduction of microinvasive glaucoma surgery or MIGS.
These surgeries are commonly characterized by amicroinvasive
(typically ab interno) approach, minimal tissue trauma, rapid
recovery, high-safety profile, and scalable efficacy based on
disease severity.1 Traditional filtering surgeries, such as tra-
beculectomy and tube shunts, have the benefit of dramatically
lowering intraocular pressure (IOP), but when these surgeries
result in prolonged hypotony, corneal decompensation, bleb
leaks, or infection, they can be detrimental.2–5 One of the
advantages of MIGS has been a far lower incidence of com-
plications while restoring IOPs to a more physiologic level.
This improved risk–benefit ratio has fueled surgeons’ in-
creasing use of MIGS at earlier stages of the disease.6,7 In
addition, many new procedural pharmaceuticals—such as the
bimatoprost intracameral implant (Durysta, Allergan, Inc.) and
the sustained-release iDose TR travoprost intraocular implant
(Glaukos Corp.)—are designed to be used in all stages of
glaucoma severity and ocular hypertension.8,9 This flexibility
may allow for earlier, more proactive interventions and better
24-hour IOP control in comparison with eyedrops.10–12

Over the past decade, MIGS has increasingly bridged the
chasm that formerly existed between the 2 ends of the

traditional treatment spectrum: topical medications and
laser procedures on one end, and higher-risk filtration
surgeries on the other. In addition, modified bleb-based
surgeries with implantation of devices such as the XEN Gel
Stent, Ex-PRESS, and PreserFlo MicroShunt have emerged
that have sought to lessen some of the complications of
traditional filtering surgery.13,14 Regarding prevalence,
starting from a negligible portion of glaucoma surgeries at
the time of its U.S. release in 2012, the iStent trabecular
micro-bypass (Glaukos Corp.) MIGS device rose to account
for 43.7% of all glaucoma surgeries, MIGS or otherwise, in
the United States by 2017.6 As shown in Figure 1, MIGS
now comprises the majority of all glaucoma surgeries in the
United States.6 These rising rates seem to reflect the field’s
broader recognition of the benefit of using MIGS at earlier
stages in the disease because the MIGS era has provided
more opportunity for IOP reduction and stability with
a decrease in medication burden. Indeed, in areas of the
United States with higher adoption of MIGS, there are
lower rates of trabeculectomy.7

Historically, the traditional treatment algorithm has been
a stepwise reactive approach of drops, laser, and end-stage
filtering surgery. For drops, a topical prostaglandin is often
used first in treating glaucoma, followed by a second or
third drop if the IOP is not at goal or if there is progression.
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This approach relies on patient compliance, while watching
and waiting for further disease progression before con-
sidering laser therapy or filtering surgery, the latter of
which is invasive and can have substantial complications.
Owing to the higher risks of incisional filtering glaucoma
surgeries, this reactive approach may have called for fil-
tering surgery only when the disease state was severe, or
when it could be combined with another intraocular
procedure such as cataract surgery. This reactive approach
has several drawbacks that fundamentally limit its ap-
propriateness for a chronic, progressive, irreversible, and
vision-threatening disease such as glaucoma.
By contrast, the interventional glaucoma treatment

paradigm advocates earlier procedural intervention re-
gardless of lens status, is fundamentally proactive, and
allows safer options because less invasive solutions have
become available. Compared with eyedrops, interventional
glaucoma aims to reduce and steadily maintain IOP targets,
delay or avoid higher-risk surgery, and decrease reliance on
patient adherence and compliance. Secondarily, an inter-
ventional mindset resets the burden on patients by de-
creasing medication load.
Standalone surgery goes hand-in-hand with an inter-

ventional, proactive approach; in fact, the first U.S. Food
and Drug Administration (FDA)–approved trabecular
micro-bypass device (iStent) was developed with the in-
tention to treat glaucoma independently of disease state or
lens status, but ultimately the regulatory pathway associ-
ated with combination-cataract surgery in the United States
proved to be more viable for bringing these first-generation
devices to market with the FDA. Thus, it was not lack of
clinical efficacy, but rather practical and regulatory issues,
that initially tied many MIGS procedures to be performed
at the time of cataract surgery. Many subsequent MIGS
devices have followed the same legacy combination-cata-
ract model.
Given this traditional predisposition toward—and com-

fort with—combination-cataract surgery, it is important to

note that the average age of cataract surgery is decreasing,
with the mean age estimated at 62.5 years in a broad
population-based study in Australia; this suggests that many
patients may be opting for proactive cataract surgery before
they have serious vision loss.15 In contrast to this trend
toward earlier cataract surgery, glaucoma surgery has re-
mained more reactive in nature and often has been con-
sidered only when topical medications have failed, when the
IOP goal is above range, and/or when a visual field change is
detected. This has meant that a large segment of the glau-
coma population has been unable to benefit from earlier
procedural intervention unless their cataract surgery co-
incided with the time a glaucoma procedure was needed or
considered. Thus, by tying glaucoma intervention to cataract
surgery, doctors may be limiting patients’ treatment options
to an unnecessarily narrow window. Rather than delaying
intervention until a cataract develops, we can consider ad-
dressing glaucoma before irreversible damage occurs.
When evaluating glaucoma procedures either with or

without cataract surgery, it is important to remember that
cataract surgery alone is known to reduce IOP. However,
the effect in treated glaucoma patients is typically modest:
less than 2 mm Hg on average, or a reduction vs baseline of
16.5% 3 years after cataract extraction, as shown in the
Ocular Hypertension Treatment Study.16–19 In addition,
evidence has shown that the reduction in IOP may be more
significant at 1 year after cataract surgery and that, sub-
sequently, IOP tends to return to baseline levels with
time.16,20–22

Given that phacoemulsification cataract surgery lowers
IOP, it is worthwhile to evaluate some of the MIGS pivotal
studies that compare device + phacoemulsification vs
phacoemulsification alone. In the pivotal trials for both
Hydrus microstent and iStent inject trabecular micro-
bypass, the treatment group (Hydrus or iStent inject
with phacoemulsification) had higher proportions of eyes
with IOP ≤18 mm Hg, IOP reduction ≥20%, and eyes
medication-free than their respective phacoemulsification

Figure 1. Composition of glau-
coma surgical procedures in the
United States from 2013 to 2018.
Reprinted with permission from
Elsevier from Yang SA, et al.6 All
permission requests for this fig-
ure should be made to the
copyright holder.
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alone groups.23,24 In addition to these pivotal trials,
a number of other studies have demonstrated the in-
dependent IOP-lowering and/or medication-lowering ef-
fect of glaucoma procedures, as separate from cataract
extraction, and the longer duration of such effect than that
expected after cataract extraction.25–38

In the past, when the entirety of the glaucoma treatment
spectrum consisted of either medications or invasive sur-
gery, the traditional reactive treatment approach was
logical, acceptable, and the best we could do at the time.
However, with the increasing diversity and availability of
microinvasive surgical interventions, as presaged by Saheb
et al. a decade ago, we have already reached a tipping point
of what should be considered an appropriate treatment
algorithm for our patients.1 Indeed, for both patients’
benefit and relevance in our own field, it behooves us to re-
examine formerly held treatment patterns. To paraphrase
Rear Admiral Grace Hopper, the most dangerous phrase is
“we’ve always done it this way.”
There is a wealth of robust evidence supporting the shift to

an interventional—and, where appropriate—standalone ap-
proach to glaucoma, provided that safe and effective mini-
mally invasive surgical options exist. Topical medications,
although challenged as first-line therapy by the Laser in
Glaucoma and Ocular Hypertension (LiGHT) trial, typically
still remain the first-line intervention in early-diagnosed or
newly diagnosed glaucoma.39,40 Medications can be effective
in lowering IOP, and we now have preservative-free options
that lessen side effects; however, we would be remiss to ignore
the realities of noncompliance that limit medications’ real-
world utility. Even very effective medications are rendered
useless if they are applied improperly, inconsistently, or not at
all. Rigorous studies of medication adherence, including those
who provide free medication and assistive technology to boost
adherence, have reported that only a minority of patients
apply their medications consistently or properly.41–43 An
article by Nordstrom et al., for example, reported that >90% of
patients are nonadherent with topical medications and ap-
proximately 50% purposely discontinue their topical medi-
cation(s) within 6 months.42 In addition, adherence is known
to decrease dramatically when more than 1 medication is
prescribed or when dosing frequency is increased.44,45 This is
consequential considering that an estimated 40% to 75% of
patients with glaucoma take 2 or more medications.46,47

Nonadherence, in turn, is significantly associated with glau-
comatous vision loss.48,49 By contrast, surgical intervention
provides a more constant foundation of IOP control that does
not rely on patient compliance, understanding, manual
dexterity, or caregiver assistance.10,12 This independence from
patient adherence helps decrease the risk of glaucoma pro-
gression.48,50,51 In addition, selective laser trabeculoplasty
(SLT) and procedural pharmaceuticals such as Durysta and
iDose TR are designed for use in all severities of glaucoma and
ocular hypertension, possibly facilitating earlier intervention
and avoidance of adding topical medication.
Another major limitation to the conventional approach of

a topical medication-first treatment algorithm is that patients
with glaucoma are often progressing under this paradigm. A

large longitudinal study inOlmsted County showed that over
20 years, there was a 13.5% unilateral and 4.3% bilateral rate
of progression to blindness.52 Studies by Chen et al., Hat-
tenhauer et al., and Kwon et al. found similar results.53–55

One possible reason for continued disease progression and
blindness, aside from nonadherence to prescribed medical
therapy, is that medications do not necessarily attenuate IOP
fluctuations, including both diurnal and nocturnal vari-
ability.51,56 IOP fluctuations, in turn, increase the risk of
disease progression and optic nerve damage.57–60 By con-
trast, patients with glaucoma undergoing a filtering or MIGS
intervention have reduced IOP fluctuations than patients on
medications alone.10–12 As a result, surgical intervention has
been shown to preserve vision better than medications.61,62

These findings were corroborated in a recent comprehensive
literature review and meta-analysis which showed that visual
field progression after trabecular micro-bypass surgery was
lower than that expected in medically treated patients with
glaucoma.63

In addition, it is important to note that any therapy in the
treatment algorithm—from topical medications and laser
trabeculoplasty to later-stage invasive filtering surgery—may
be governed by the proverbial law of diminishing returns.
The chronic use of topical medication can result in a plateau-
like effect, with medication efficacy flattening or even
diminishing over time.64 Thus, it is not surprising that
additional medications are needed in the aforementioned
40% to 75% of patients, although they are known to produce
diminishing benefit with each addition. A study by Patel et al.
corroborated a shorter-lasting benefit and higher health-
related costs with each additional medication in a given
patient’s glaucoma treatment regimen.65 As a result, ques-
tions have been raised about whether the addition of a third
or fourth medication is effective at all.66

The interventional mindset and the findings in the
LiGHT trial have afforded the option of SLT as first-line
therapy. The 6-year findings of the trial showed lower VF
progression, higher eyedrop-free IOP control, and lower
trabeculectomy rates in the SLT arm than in the topical
medication arm.39 However, a key understanding is that
SLT also may be subject to the same law of diminishing
returns. SLT wanes in effectiveness over time, with success
rates decreasing from 45% to 87% at 1 year to 18% to 62% at
3 years and 25% at 5 years.67–70 Patients may have repeat
SLT because of waning efficacy, as was necessary in 44.5%
of patients not taking medications in the LiGHT trial, or
they may be placed on medications, as was necessary in
81.1% of eyes by 1 year in a Brazilian study of SLT vs
medications.71 However, repeat SLT may have lower suc-
cess than initial SLT and harbors the same inherent issue of
waning effectiveness, while topical medications have the
considerable limitations that were detailed previously.72

More time and data are needed to discern whether
newly developed technologies such as direct SLT may be
able to circumvent some of these limitations.
At the invasive extreme of the treatment spectrum, 30.7%

of filtering surgeries fail by 3 years and 46.9% fail by 5 years,
and repeat filtering surgeries have lower success rates than
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initial filtering surgery.5,73,74 They are associated with
substantial short-term and long-term risks, many of which
are cumulative over the lifetime of the patient.3–5 By
contrast, studies have shown that earlier and more pro-
active intervention (ie, not watching and waiting until
filtration surgery is needed) may contribute to not simply
a delay in further surgery, but rather a shifting of the disease
trajectory.75,76 That is, earlier intervention helps slow the
rate of disease progression such that visual disability may be
delayed or prevented (Figure 2).75

Regarding any of these therapies, it is important to note
that glaucoma treatment is a continuum, with no single
therapy being a panacea for all patients. Treatments have
limitations, and there are no one-size-fits-all solutions. An
interventional treatment paradigm does not sidestep these
shortcomings but rather tries to minimize them by con-
sidering procedural interventions earlier in the patient’s
journey. For many patients, this could mean doing SLT,
a MIGS procedure, or a procedural pharmaceutical implant
while using medication as a bridge or adjunct therapy
(rather than first-line treatment).
The medication literature is replete with evidence of side

effects that can lead one to question whether medications
should really be considered a “conservative” intervention.
These sequelae include but are not limited to damage to the
corneal and conjunctival surface, pathologic cellular
changes due to preservatives, hyperemia, eyelid and iris
hyperpigmentation, periorbital fat atrophy, systemic re-
actions (including fatalities), costs, increased risk of later
surgical failure, and significantly diminished quality of
life.77–92 Indeed, a recent study reasserted that glaucoma
treatment poses a considerable burden on patients, in-
dependent from the burden of the disease itself.93

Considering the limitations of the traditional polarized
topical medication-or-filtering surgery treatment paradigm,
we are overdue to closely examine the minimally invasive
procedural interventions that have made possible an entire
spectrum of treatment options. To date, angle-directed MIGS
surgeries in the United States have generally been comprised

of either implant-free canal-based procedures (Kahook Dual
Blade, trabectome, gonioscopy-assisted transluminal trabe-
culotomy, ab interno canaloplasty, OMNI, and ABiC) or
trabecular bypass procedures (iStent, iStent inject, iStent in-
finite, and Hydrus). The former involve opening the Schlemm
canal through either viscodilation or goniotomy of the tra-
becular meshwork; the latter provide a patent pathway for
aqueous fluid to egress through the diseased trabecular
meshwork, in some cases with a scaffolding component as part
of the mechanism of action (Hydrus). In addition to patient-
specific factors, the selection of a particular MIGS surgery in
the United States has been influenced by FDA indication
(standalone or combined with cataract surgery), disease se-
verity (mild, moderate, and severe), and safety profile.
Before 2022 in the United States, canal-based, implant-

free MIGSs, such as goniotomy and canaloplasty, have been
some of the only MIGS options available to surgeons in
standalone settings (not only combined-cataract cases) and
in a variety of disease severities (not just mild or moderate
disease). These surgeries involve opening the Schlemm
canal through either viscodilation or goniotomy of the
trabecular meshwork. They have been shown to reduce IOP
and medications when used in standalone procedures or in
combination with cataract or other MIGS surgeries.
However, concerns about safety events such as hyphema,
cyclodialysis, and IOP spikes have limited their use.94

Trabecular bypass surgeries have been widely used and
approved for standalone use outside the United States, in-
dicating a realization of the potential value of standalone
trabecular bypass procedures. In mid-2022, standalone tra-
becular bypass also became possible in theUnited States, when
the FDA approved the iStent infinite for those who failed prior
surgical and medical therapy. The device contains 3 stents
implanted into 3 trabecular meshwork sites, accessing up to
three-quadrants of aqueous outflow. The prospective, mul-
ticenter, pivotal trial showed that over three-fourths met the
responder endpoint of a ≥20% mean diurnal IOP reduction
from baseline on the same or fewer medications, with a good
safety profile.95 Notably, the patients represented all stages of
glaucoma severity, from mild to severe, and included a subset
of patients who had failed maximum-tolerated medical
therapy (rather than failed prior surgery). As a result, the
results might be generalizable to a broader segment of the
glaucoma population beyond the study population.
Over 50 scientific publications have demonstrated the

safety and efficacy of trabecular micro-bypass in standalone
usage. These devices have been shown to have comparable
efficacy with each other, and, in the case of iStent and iStent
inject, they have similar general and corneal endothelial
safety as cataract surgery alone.96,97 Of particular relevance
are 2 studies which have specifically analyzed the viability
of standalone trabecular micro-bypass as an alternative to
the traditional glaucoma treatment paradigm: either as
first-line intervention, instead of medication in newly di-
agnosed patients, or instead of trabeculectomy or tube
shunt in advanced patients. Fechtner et al. reported the
results of a 5-year prospective randomized clinical study
comparing topical prostaglandin vs standalone

Figure 2. Effect on visual disability of patients with glaucoma as
a function of time of intervention and rate of progression. Reprinted
with permission fromElsevier fromCaprioli J. The importance of rates
in glaucoma. Am J Ophthalmol 2008;145(2):191–192. All permission
requests for this figure should be made to the copyright holder.
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implantation of 2 first-generation trabecular micro-bypass
stents in newly diagnosed treatment-naı̈ve patients with
glaucoma.98 The study showed similar IOP reductions in
the stent and prostaglandin groups, with higher treatment
success and lower need for supplemental glaucoma treat-
ments in the stent group. At the more advanced end of the
treatment spectrum, Paletta Guedes et al. compared
standalone implantation of 2 to 3 trabecular micro-bypass
stents vs traditional trabeculectomy in eyes with moderate
to severe glaucoma.99 The study found that the multistent
group experienced clinically and statistically significant
IOP and medication reductions with higher safety-adjusted
treatment success rates than the trabeculectomy group.
Together these studies indicate realistic viability of mini-
mally invasive glaucoma surgery to treat both earlier and
later-stage patients in the glaucoma treatment spectrum.
Further new technologies—such as excimer laser trabe-
culoplasty (Elios), femtosecond laser trabeculotomy (Via-
lase), and supraciliary stents (iSTAR)—are also on the
horizon, and may add even more versatility and diversity to
the options available to doctors to treat their patients with
glaucoma.

CONCLUSIONS
Despite technological advancements, topical medications of-
ten dominate glaucoma treatment as the initial step in
management, while procedural interventions are often re-
served for the time of cataract surgery, at least in the
United States, due to initial regulatory indications. Before the
advent of MIGS, and due to the significant risks of surgical
filtration procedures, it may have been reasonable to treat with
increasing numbers of medications and defer surgical in-
tervention until late in the disease. However, as laser, MIGS,
and sustained drug delivery procedures have evolved, di-
versified, and improved over time, and with the emergence of
sound published clinical evidence, there are increasing seg-
ments of the glaucoma population that would benefit from
surgical intervention instead of topical medication as first-line
intervention. In this context, the traditional polarized treat-
ment algorithm is due for reevaluation and advancement.
Indeed, we hope that the evidence and clinical expert opinions
we have summarized demonstrate that the field of glaucoma
has evolved. To remain relevant and provide the highest
standard of care to our patients, it is essential that MIGS, laser
procedures, and sustained drug delivery be widely covered,
accepted, used, and further advanced by our glaucoma
community. To realize the level of acceptance these inter-
ventions merit, we need to start appreciating their value as
standalone surgeries. These procedures should not be rele-
gated to a secondary role in relation to cataract surgery. In-
stead, they represent a vital option for patients who deserve
better than overmedication with undereffective drops and as
an alternative to riskier filtering surgeries. Widespread ac-
ceptance and implementation of laser, MIGS, and sustained
drug delivery procedures is long overdue.

Acknowledgments
Literature review and writing assistance were provided by
Dana M. Hornbeak, MD, MPH.

REFERENCES
1. Saheb H, Ahmed II. Micro-invasive glaucoma surgery: current perspectives

and future directions. Curr Opin Ophthalmol 2012;23:96–104
2. Jampel HD, Musch DC, Gillespie BW, Lichter PR, Wright MM, Guire KE;

Collaborative Initial Glaucoma Treatment Study Group. Perioperative com-
plications of trabeculectomy in the collaborative initial glaucoma treatment
study (CIGTS). Am J Ophthalmol 2005;140:16–22

3. Jampel HD, Solus JF, Tracey PA, Gilbert DL, Loyd TL, Jefferys JL, Quigley
HA. Outcomes and bleb-related complications of trabeculectomy. Oph-
thalmol 2012;119:712–722

4. Rulli E, Biagioli E, Riva I, Gambirasio G, De Simone I, Floriani I, Quaranta L.
Efficacy and safety of trabeculectomy vs nonpenetrating surgical proce-
dures: a systematic review and meta-analysis. JAMA Ophthalmol 2013;
131:1573–1582

5. Gedde SJ, Herndon LW, Brandt JD, Budenz DL, Feuer WJ, Schiffman JC;
Tube Versus Trabeculectomy Study Group. Postoperative complications in
the Tube versus Trabeculectomy (TVT) study during five years of follow-up.
Am J Ophthalmol 2012;153:804–814.e1

6. Yang SA, Mitchell W, Hall N, Elze T, Lorch AC, Miller JW, Zebardast N; IRIS
Registry Data Analytics Consortium. Trends and usage patterns of minimally
invasive glaucoma surgery in the United States: IRIS Registry Analysis
2013–2018. Ophthalmol Glaucoma 2021;4:558–568

7. Ma AK, Lee JH, Warren JL, Teng CC. GlaucoMap: distribution of glaucoma
surgical procedures in the United States. Clin Ophthalmol 2020;14:
2551–2560

8. DURYSTA (bimatoprost intracameral implant), for intracameral administra-
tion. Prescribing information. In: AbbVie Inc., North Chicago, IL, 2024

9. iDose TR (travoprost intracameral implant), for intracameral administration.
Prescribing information. In: Glaukos Corp., Aliso Viejo, CA, 2024

10. Muniesa M, Ezpeleta J, Benitez I. Fluctuations of the intraocular pressure in
medically versus surgically treated glaucoma patients by a contact lens
sensor. Am J Ophthalmol 2019;207:429–430

11. Posarelli C, Ortenzio P, Ferreras A, ToroMD, Passani A, Loiudice P, Oddone
F, Casini G, Figus M. Twenty-four-hour contact lens sensor monitoring of
aqueous humor dynamics in surgically or medically treated glaucoma
patients. J Ophthalmol 2019;2019:9890831

12. Konstas AG, Topouzis F, Leliopoulou O, Pappas T, Georgiadis N, Jenkins
JN, Stewart WC. 24-hour intraocular pressure control with maximum
medical therapy compared with surgery in patients with advanced open-
angle glaucoma. Ophthalmology 2006;113:761–765.e1

13. Park J, Rittiphairoj T, Wang X, E JY, Bicket AK. Device-modified trabeculec-
tomy for glaucoma. Cochrane Database Syst Rev 2023;2023:CD010472

14. Cappelli F, Cutolo CA, Olivari S, Testa V, Sindaco D, Pizzorno C, Ciccione S,
Traaverso CE, Iester M. Trabeculectomy versus Xen gel implant for the
treatment of open-angle glaucoma: a 3-year retrospective analysis. BMJ
Open Ophthalmol 2022;7:e000830

15. McCarty CA, Mukesh BN, Dimitrov PN, Taylor HR. Incidence and pro-
gression of cataract in the Melbourne visual impairment project. Am J
Ophthalmol 2003;136:10–17

16. Poley BJ, Lindstrom RL, Samuelson TW. Long-term effects of phacoemul-
sification with intraocular lens implantation in normotensive and ocular
hypertensive eyes. J Cataract Refract Surg 2008;34:735–742

17. Vizzeri G, Weinreb RN. Cataract surgery and glaucoma. Curr Opin Oph-
thalmol 2010;21:20–24

18. Friedman DS, Jampel HD, Lubomski LH, Kempen JH, Quigley H, Congdon
N, Levkovitch-Verbin H, Robinson KA, Bass EB. Surgical strategies for
coexisting glaucoma and cataract: an evidence-based update. Ophthal-
mology 2002;109:1902–1913

19. Mansberger SL, Gordon MO, Jampel H, Bhorade A, Brandt JD, Wilson B,
Kass MA; Ocular Hypertension Treatment Study Group. Reduction in
intraocular pressure after cataract extraction: the Ocular Hypertension
Treatment Study. Ophthalmology 2012;119:1826–1831

20. Mathalone N, Hyams M, Neiman S, Buckman G, Hod Y, Geyer O. Long-
term intraocular pressure control after clear corneal phacoemulsification in
glaucoma patients. J Cataract Refract Surg 2005;31:479–483

21. Shingleton BJ, Gamell LS, O’Donoghue MW, Baylus SL, King R. Long-term
changes in intraocular pressure after clear corneal phacoemulsification:
normal patients versus glaucoma suspect and glaucoma patients.
J Cataract Refract Surg 1999;25:885–890

22. Kim DD, Doyle JW, Smith MF. Intraocular pressure reduction following
phacoemulsification cataract extraction with posterior chamber lens im-
plantation in glaucoma patients. Ophthalmic Surg Lasers 1999;30:37–40

23. Samuelson TW, Chang DF, Marquis R, Flowers B, Lim KS, Ahmed IIK,
Jampel HD, Aung T, Crandall AS, Singh K; HORIZON Investigators. A
Schlemm canal microstent for intraocular pressure reduction in primary
open-angle glaucoma and cataract: the HORIZON study. Ophthalmology
2019;126:29–37

1288 REVIEW/UPDATE: STANDALONE INTERVENTIONAL GLAUCOMA

Volume 50 Issue 12 December 2024



24. Samuelson TW, Sarkisian SR Jr, Lubeck DM, Stiles MC, Duh YJ, Romo EA,
Giamporcaro JE, Hornbeak DM, Katz LJ; iStent inject Study Group. Pro-
spective, randomized, controlled pivotal trial of an ab interno implanted
trabecular micro-bypass in primary open-angle glaucoma and cataract:
two-year results. Ophthalmology 2019;126:811–821

25. Salimi A, Abu-Nada M, Harasymowycz P. Matched cohort study of cataract
surgery with and without trabecular microbypass stent implantation in
primary angle-closure glaucoma. Am J Ophthalmol 2021;224:310–320

26. Al-Holou SN, Havens SJ, Treadwell GG, Ghate D, Toris CB, Gulati V.
Predictors of intraocular pressure lowering after phacoemulsification and
iStent implantation. Ophthalmol Glaucoma 2021;4:139–148

27. El Wardani M, Bergin C, Achache F, Sharkawi E. Evaluating the trabecular
micro-bypass stent combined with phacoemulsification compared to pha-
coemulsification alone. Klin Monbl Augenheilkd 2015;232:442–445

28. Fea AM, Consolandi G, Zola M, Pignata G, Cannizzo P, Lavia C, Rolle T,
Grignolo FM. Micro-bypass implantation for primary open-angle glaucoma
combined with phacoemulsification: 4-year follow-up. J Ophthalmol 2015;
2015:795357

29. Fan Gaskin JC, Bigirimana D, Kong GYX, McGuinness MB, Atik A, Liu L,
Brooks AMV, Ang GS; Glaucoma Investigation and Research Unit, Royal
Victorian Eye and Ear Hospital. Prospective, randomized controlled trial of
cataract surgery vs combined cataract surgery with insertion of iStent inject.
Ophthalmol Glaucoma 2024;7:326–334

30. Chen DZ, Sng CCA, Sangtam T, Thomas A, Shen L, Huang PK, Cheng J.
Phacoemulsification vs phacoemulsification with micro-bypass stent im-
plantation in primary angle closure and primary angle closure glaucoma:
a randomized single-masked clinical study. Clin Exp Ophthalmol 2020;48:
450–461

31. Rho S, Lim SH. Clinical outcomes after second-generation trabecular
microbypass stents (iStent inject) with phacoemulsification in Korean pa-
tients. Ophthalmol Ther 2021;10:1105–1117

32. Avar M, Jordan JF, Neuburger M, Engesser D, Lübke J, Anton A, Wecker T.
Long-term follow-up of intraocular pressure and pressure-lowering medi-
cation in patients after ab-interno trabeculectomy with the Trabectome.
Graefes Arch Clin Exp Ophthalmol 2019;257:997–1003

33. Neuhann TH, Neuhann RT, Hornbeak DM. Ten-year effectiveness and
safety of trabecular micro-bypass stent implantation with cataract surgery
in patients with glaucoma or ocular hypertension. Ophthalmol Ther 2024;
13:2243–2254

34. Salimi A, Watt H, Harasymowycz P. Long-term outcomes of two first-
generation trabecular micro-bypass stents (iStent) with phacoemulsification
in primary open-angle glaucoma: eight-year results. Eye Vis (Lond) 2021;8:
43

35. Ahmed IIK, De Francesco T, Rhee D, McCabe C, Flowers B, Gazzard G,
Samuelson TW, Singh K; HORIZON Investigators. Long-term outcomes
from the HORIZON randomized trial for a Schlemm’s canal microstent in
combination cataract and glaucoma surgery. Ophthalmology 2022;129:
742–751

36. Ferguson TJ, Mechels KB, Dockter Z, Bleeker A, Ibach M, Schweitzer J,
Berdahl JP. iStent trabecular microbypass stent implantation with phacoe-
mulsification in patients with open-angle glaucoma: 6-year outcomes. Clin
Ophthalmol 2020;14:1859–1866

37. Ferguson TJ, Swan RJ, Bleeker A, Dockter Z, Karpuk KL, Schweitzer J,
Ibach M, Berdahl JP. Trabecular microbypass stent implantation in pseu-
doexfoliative glaucoma: long-term results. J Cataract Refract Surg 2020;46:
1284–1289

38. Hengerer FH, Auffarth GU, Conrad-Hengerer I. 7-Year efficacy and safety of
iStent inject trabecular micro-bypass in combined and standalone usage.
Adv Ther 2024;41:1481–1495

39. Gazzard G, Konstantakopoulou E, Garway-Heath D, Garg A, Vickerstaff V,
Hunter R, Ambler G, Bunce C, Wormald R, Nathwani N, Barton K, Rubin G,
Morris S, Buszewicz M. Selective laser trabeculoplasty versus drops for
newly diagnosed ocular hypertension and glaucoma: the LiGHT RCT.
Health Technol Assess 2019;23:1–102

40. Fu DJ, Ademisoye E, Shih V, McNaught AI, Khawaja A. Survival of medical
treatment success in primary open-angle glaucoma and ocular hyperten-
sion. Br J Ophthalmol 2024. Epub ahead of print.

41. Newman-Casey PA, Robin AL, Blachley T, Farris K, Heisler M, Resnicow K,
Lee PP. The most common barriers to glaucoma medication adherence:
a cross-sectional survey. Ophthalmology 2015;122:1308–1316

42. Nordstrom BL, Friedman DS, Mozaffari E, Quigley HA, Walker AM. Persis-
tence and adherence with topical glaucoma therapy. Am J Ophthalmol
2005;140:598–606

43. Olthoff CM, Schouten JS, van de Borne BW, Webers CA. Noncompliance
with ocular hypotensive treatment in patients with glaucoma or ocular
hypertension an evidence-based review. Ophthalmology 2005;112:
953–961

44. Robin AL, Covert D. Does adjunctive glaucoma therapy affect adherence to
the initial primary therapy? Ophthalmology 2005;112:863–868

45. Saini SD, Schoenfeld P, Kaulback K, Dubinsky MC. Effect of medication
dosing frequency on adherence in chronic diseases. Am J Manag Care
2009;15:e22–e33

46. Kass MA, Heuer DK, Higginbotham EJ, Johnson CA, Keltner JL, Miller JP,
Parrish RK II, Wilson MR, Gordon MO. The Ocular Hypertension Treatment
Study: a randomized trial determines that topical ocular hypotensive med-
ication delays or prevents the onset of primary open-angle glaucoma. Arch
Ophthalmol 2002;120:701–713; discussion 829–830

47. Lichter PR, Musch DC, Gillespie BW, Guire KE, Janz NK, Wren PA, Mills RP;
CIGTS Study Group. Interim clinical outcomes in the Collaborative Initial
Glaucoma Treatment Study comparing initial treatment randomized to
medications or surgery. Ophthalmology 2001;108:1943–1953

48. Newman-Casey PA, Niziol LM, Gillespie BW, Janz NK, Lichter PR, Musch
DC. The association between medication adherence and visual field pro-
gression in the collaborative initial glaucoma treatment study. Ophthalmol-
ogy 2020;127:477–483

49. Rossi GC, Pasinetti GM, Scudeller L, Radaelli R, Bianchi PE. Do adherence
rates and glaucomatous visual field progression correlate? Eur J Ophthal-
mol 2011;21:410–414

50. Sleath B, Blalock S, Covert D, Stone JL, Skinner AC, Muir K, Robin AL. The
relationship between glaucoma medication adherence, eye drop technique,
and visual field defect severity. Ophthalmology 2011;118:2398–2402

51. Stewart WC, Konstas AG, Nelson LA, Kruft B. Meta-analysis of 24-hour
intraocular pressure studies evaluating the efficacy of glaucoma medicines.
Ophthalmology 2008;115:1117–1122.e1

52. Malihi M, Moura Filho ER, Hodge DO, Sit AJ. Long-term trends in glaucoma-
related blindness in Olmsted County, Minnesota. Ophthalmology 2014;121:
134–141

53. Chen PP. Blindness in patients with treated open-angle glaucoma. Oph-
thalmology 2003;110:726–733

54. Hattenhauer MG, Johnson DH, Ing HH, Herman DC, Hodge DO, Yawn BP,
Butterfield LC, Gray DT. The probability of blindness from open-angle
glaucoma. Ophthalmology 1998;105:2099–2104

55. Kwon YH, Kim CS, Zimmerman MB, Alward WL, Hayreh SS. Rate of visual
field loss and long-term visual outcome in primary open-angle glaucoma.
Am J Ophthalmol 2001;132:47–56

56. Liu JH, Kripke DF, Weinreb RN. Comparison of the nocturnal effects of
once-daily timolol and latanoprost on intraocular pressure. Am J Ophthal-
mol 2004;138:389–395

57. Asrani S, Zeimer R, Wilensky J, Gieser D, Vitale S, Lindenmuth K. Large
diurnal fluctuations in intraocular pressure are an independent risk factor in
patients with glaucoma. J Glaucoma 2000;9:134–142

58. Bergea B, Bodin L, Svedbergh B. Impact of intraocular pressure regulation
on visual fields in open-angle glaucoma. Ophthalmology 1999;106:
997–1004; discussion 1004–1005

59. Lee JS, Park S, Seong GJ, Kim CY, Lee SY, Choi W, Bae HW. Long-term
intraocular pressure fluctuation is a risk factor for visual field progression in
advanced glaucoma. J Glaucoma 2022;31:310–316

60. Nouri-Mahdavi K, Hoffman D, Coleman AL, Liu G, Li G, Gaasterland D,
Caprioli J; Advanced Glaucoma Intervention Study. Predictive factors for
glaucomatous visual field progression in the Advanced Glaucoma Interven-
tion Study. Ophthalmology 2004;111:1627–1635

61. Musch DC, Gillespie BW, Lichter PR, Niziol LM, Janz NK; CIGTS Study
Investigators. Visual field progression in the Collaborative Initial Glaucoma
Treatment Study the impact of treatment and other baseline factors.
Ophthalmology 2009;116:200–207

62. Musch DC, Gillespie BW, Niziol LM, Lichter PR, Varma R; CIGTS Study
Group. Intraocular pressure control and long-term visual field loss in the
Collaborative Initial Glaucoma Treatment Study. Ophthalmology 2011;118:
1766–1773

63. Gillmann KH, Hornbeak DM. Rates of visual field change and functional pro-
gression in glaucoma following trabecular micro-bypass implantation of iStent
technologies: a meta-analysis. BMJ Open Ophthalmology 2024;9:e001575

64. Boger WP III. Shortterm “escape” and longterm “drift.” the dissipation
effects of the beta adrenergic blocking agents. Surv Ophthalmol 1983;
28:235–242

65. Patel AR, Schwartz GF, Campbell JH, Chen CC, McGuiness CB, Multani
JK, Shih V, Smith OU. Economic and clinical burden associated with
intensification of glaucoma topical therapy: a US claims-based analysis.
J Glaucoma 2021;30:242–250

66. Neelakantan A, Vaishnav HD, Iyer SA, SherwoodMB. Is addition of a third or
fourth antiglaucoma medication effective? J Glaucoma 2004;13:130–136

67. Bovell AM, Damji KF, Hodge WG, Rock WJ, Buhrmann RR, Pan YI. Long
term effects on the lowering of intraocular pressure: selective laser or argon
laser trabeculoplasty? Can J Ophthalmol 2011;46:408–413

1289REVIEW/UPDATE: STANDALONE INTERVENTIONAL GLAUCOMA

Volume 50 Issue 12 December 2024



68. De Keyser M, De Belder M, De Belder S, De Groot V. Where does selective
laser trabeculoplasty stand now? A review. Eye Vis (Lond) 2016;3:10

69. Khawaja AP, Campbell JH, Kirby N, Chandwani HS, Keyzor I, Parekh M,
McNaught AI; UK Glaucoma Real-World Data Consortium. Real-world
outcomes of selective laser trabeculoplasty in the United Kingdom. Oph-
thalmology 2020;127:748–757

70. Kurysheva NI, Lepeshkina LV, Shatalova EO. Predictors of outcome in
selective laser trabeculoplasty: a long-term observation study in
primary angle-closure glaucoma after laser peripheral iridotomy com-
pared with primary open-angle glaucoma. J Glaucoma 2018;27:
880–886

71.–99. References 71–99 are listed in Supplemental Data File 1
(http:// l inks.lww.com/JRS/B220).

Disclosures: J.M. Micheletti: ACE Vision Group—C, E; Alcon
Laboratories, Inc.—C, R, L; Allergan, Inc. (AbbVie)—C, R; Avellino—C;
Bausch & Lomb, Inc.—C; BVI—C; Centricity Vision—C; Diamatrix—C,
P; Elios—C; Glaukos Corp.—C, L; Johnson & Johnson Vision—C, R;
Lenstec—C, R, L; New World Medical, Inc.—C, L; NOVA Eye—C;
Rxsight, Inc.—C; Samsara—C; STAAR—C, R, L; Synopic—C, E;
Tarsus—C; Visus Therapeutics—C; Carl Zeiss Meditec AG—C, L.
M. Brink: Allergan, Inc. (Abbvie): Consultant; Alcon Pharmaceutical:
Consultant; Alcon Surgical: Consultant; Bausch & Lomb, Inc.: Con-
sultant; Dompe: Consultant; Glaukos Corp.: Consultant; New World
Medical, Inc.: Consultant; Sight Sciences: Consultant, Speaker; Tar-
sus: Consultant. J.W. Brubaker: Alcon Laboratories, Inc.: R, C, S;
Allergan, Inc. (Abbvie): R, C, S; Equinox: R, C; Glaukos Corp.: R, C;
Iridex: S, C; iStar: R; New World Medical, Inc.: C; Nicox: R; Santen: R,
S; Twenty/Twenty Therapeutics: R. D. Ristvedt: Allergan, Inc.:

consultant, speaker; Glaukos Corp.: consultant, speaker; RxSight:
consultant, speaker; Sight sciences: consultant, speaker. S.R. Sarki-
sian [C = consultant/advisor, E = employee, L = lecture fees, O = equity
owner, P = patents/royalty, S = grant support]: Aerie Pharmaceuticals,
Inc.—L; Alcon Laboratories, Inc.—C, L, S; Allergan, Inc. (Abbvie)—C,
L, S; Allysta Pharmaceuticals—S; Bausch & Lomb, Inc.—C, L; Beaver-
Visitec International—C; Carl Zeiss Meditec USA, Inc.—C; Elios—S;
Glaukos Corp.—C, S; iCare USA, Inc.—C; iStar Medical—C, S;
Karena Products, Inc.—C; MST—C; Novartis Pharma—C; Ocular
Science—C, O, S; Ocular Therapeutix—S; Santen, Inc.—C; Sight
Sciences, Inc.—C, O, S; TearLab Corp.—C.

First author:
J. Morgan Micheletti, MD

Berkeley Eye Center, Houston, Texas

This is an open access article distributed under the terms of theCreativeCommons
Attribution-Non Commercial-No Derivatives License 4.0 (CCBY-NC-ND), where it
is permissible to download and share the work provided it is properly cited. The
work cannot be changed in any way or used commercially without permission from
the journal.

1290 REVIEW/UPDATE: STANDALONE INTERVENTIONAL GLAUCOMA

Volume 50 Issue 12 December 2024

http://links.lww.com/JRS/B220
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

	Standalone interventional glaucoma: evolution from the combination-cataract paradigm
	REFERENCES


