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ABSTRACT

Introduction

The glaucoma treatment paradigm is beginning to undergo a reevaluation – one that

promotes a proactive approach with minimally invasive intervention(s) instead of the

traditional reactive strategy that leaves patients on topical eyedrops and allows for

progressive decline in ocular health before intervening further. Earlier low-risk

interventions may include laser, minimally invasive glaucoma surgery (MIGS), and/or

procedural pharmaceuticals.
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Areas covered

Earlier intervention has been shown to benefit patients, clinicians, society, and the

disease trajectory itself. The present article specifically discusses the patient-centric

benefits of an interventional treatment paradigm. These can include physical benefits,

such as decreased ocular surface disease with lower medication usage; practical or

occupational benefits, such as alleviated medication-instillation difficulties, lower costs,

and better treatment adherence; and emotional benefits and improved quality of life.

Expert opinion

For the best care of our patients, it is ophthalmologists’ responsibility to understand and

employ the treatments that produce the highest quality of care and patient quality of

life. In light of the breadth of treatment modalities and an abundance of scientific

literature now afforded to us, it behooves us – and our patients – to adopt a more

proactive, interventional, and ultimately patient-centric approach to the glaucoma

treatment paradigm.

 KEYWORDS: MIGS patient intervention interventional drug-delivery glaucoma

1. Introduction

Glaucoma is a chronic optic neuropathy and one of the leading causes of irreversible

blindness worldwide [1]. Glaucoma treatments to-date have usually centered around

reducing intraocular pressure (IOP), one of the most consistently proven methods of

preventing or reducing glaucoma incidence and progression. IOP reduction can be

achieved by increasing conventional (AKA physiologic) outflow, increasing uveoscleral or

suprachoroidal outflow, decreasing aqueous production, or creating a fistula between

the anterior chamber (AC) and the subconjunctival space. Among those four methods,

the conventional outflow system facilitates up to 80–90% of normal aqueous outflow

and is thought to contribute the majority of outflow resistance in primary open-angle
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glaucoma (POAG) [2,3]. Thus, it may be thought to provide the greatest opportunity for

procedural treatments, especially in the setting of earlier interventions [2]. Many of the

more proactive minimally invasive glaucoma treatments indeed target this physiologic

outflow pathway, in contrast to traditional filtering surgeries such as trabeculectomies

and tube shunts that create a higher-risk AC-subconjunctival fistula. Different classes of

medications can act upon different pathways, but their patient-centric drawbacks and

limitations (as will be discussed in this article) can often make them unfit as a first-line

solution for a chronic progressive disease such as glaucoma.

The glaucoma treatment paradigm is beginning to undergo a reevaluation – one that

promotes a proactive approach with minimally invasive intervention(s) (possibly using

medications as an adjunctive or bridge therapy) instead of the traditional reactive

strategy that leaves patients on topical eyedrops as first-line and allows for progressive

decline in ocular health before intervening further. The traditional approach was

fundamentally reactive, typically starting with topical medications followed by selective

laser trabeculoplasty, minimally invasive glaucoma surgery, and eventually filtering

surgery. Each stepwise acceleration of care was preceded by a decrease in visual

function, making gradual decline almost inevitable. In the meantime, patients were

experiencing the negative physical and emotional impacts of the treatments employed.

In this traditional model, as long as IOP was at target and VF was stable, the case was a

‘success,’ even if patients were suffering as a result. This model has often used topical

medications to stabilize key disease parameters such as intraocular pressure and visual

fields, but it may have overlooked the toll these medications take upon patients and

their families.

Over the past one to two decades, glaucoma treatments have evolved considerably,

most notably with the introduction of increasing numbers and diversity of minimally

invasive interventions. Treatments that allow earlier more proactive intervention now

may include laser trabeculoplasty, as supported by the findings of the LiGHT (LiGHT) trial

[4]; micro-invasive glaucoma surgery (MIGS); and/or intracameral procedural

pharmaceuticals. These have progressively filled the gap that formerly existed between
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the most conservative and most invasive ends of the treatment spectrum, as

represented by topical medications (conservative) and filtering surgery or cilioablative

procedures (invasive), respectively. MIGS now comprises the majority of glaucoma

surgeries in the United States. A study from the American Academy of Ophthalmology

(AAO) Intelligent Research in Sight (IRIS) Registry showed that U.S. MIGS procedures rose

from 31.9% (7586/23801) of annual glaucoma procedures in 2013 to 74.3%

(39677/53378) of annual glaucoma procedures in 2018 [5,6]. This dramatic rise in MIGS

has been accompanied by a concomitant decline in traditional filtering surgeries [7].

The favorable benefit-to-risk profile of these minimally invasive procedures has led them

to be considered earlier in the treatment cascade: alongside or in place of topical

medications and/or laser trabeculoplasty, and performed in standalone settings or

combined with cataract surgery. Such earlier proactive intervention, termed

interventional glaucoma [8,9], has many advantages over the former conservative ‘wait

and see’ reactive approach. These benefits have been shown to pertain to patients,

clinicians, society, and the disease trajectory itself [8–10].

Although this article will contrast the interventional and traditional paradigms, it is

important to note that they are not necessarily mutually exclusive, but rather they are

differing approaches to achieving the same goal of preserving patients’ vision. Adopting

an interventional mind-set does not eliminate topical medications, for example, but

rather it simply moves away from assuming topical medications to be the automatic

reflexive first-line remedy in glaucoma treatment. Likewise, it does not eliminate filtering

surgery for appropriate patients, but rather it advocates earlier minimally invasive

interventions to hopefully prevent filtering surgery altogether. Different treatments are

appropriate at different stages of disease (progressive vs non-progressive, controlled vs

uncontrolled), and treatment is not a ‘one size fits all’ solution. Leveraging minimally

invasive procedures to attain earlier IOP reduction can be advantageous in many stages

of glaucoma; and it may be especially beneficial for patients with advanced disc damage

and visual field loss, which is known to require even lower pressures to slow disease

progression [11,12]. The present article will specifically elaborate upon the patient-
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centric benefits of such a proactive approach: that is, interventional glaucoma and the

patient perspective. This interventional paradigm is an evolution from the topical-

medications-first model, which no longer meets our current therapeutic goals of both

maintaining vision and improving quality of life. We can do better. We must do better.

We can no longer treat a chart; we must approach our patients in a more humanistic

way.

Benefits to the patient of an interventional glaucoma treatment paradigm can be

broadly categorized into three areas, to be described herein: physical,

practical/occupational, and emotional.

2. Physical

Physically, the unwanted side effects of topical glaucoma medications pose a significant

deterrent for patients. Some of the most common effects can include ocular surface

disease (discussed below); hyperemia [13]; damage to the corneal and conjunctival

surface; periorbital fat atrophy [14–16]; hyperpigmentation of the eyelids and iris [17];

and systemic reactions that can include fatalities [18–20]. These physical issues can

negatively affect patients’ quality of life, as will be discussed later in this article.

In addition to the side effects above, topical medications are closely associated with

ocular surface disease (OSD) [21–25], contributing to the higher prevalence of the

disorder in glaucoma patients than in the general population [26–29]. The causes of

glaucoma-associated OSD are multifactorial and involve a self-perpetuating cycle of

inflammatory cytokines and proteins [26]. These effects are known to increase with

higher medication loads [28,30,31]. For example, a study by Erb et al. reported a higher

prevalence of dry eye disease with each eyedrop used (1 eye drop 50.9%, 5 eye drops

66.7%) [31]. Rossi et al. also showed the prevalence of dry eye symptoms to be

correlated with the number of active glaucoma medications a patient is using: 5% with

no medications, 11% with one medication, and 39% with two medications, and 40% with

three medications [30]. In addition, the frequency of instillation has been recognized as
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another medication-related risk factor for OSD [32]. The tear film instability caused by

OSD in turn is associated with a significant decline in contrast sensitivity [33].

The preservatives in topical medications, most commonly benzalkonium chloride (BAK),

are widely known to cause pathologic cellular changes [25,29,32,34,35]. Various studies

have specifically characterized the effects of this association. For example, Leung et al.

showed that each additional BAK-containing eye drop was associated with an

approximately 2 times higher odds of showing abnormal lissamine green staining [28].

Jaenen et al. showed that each recorded ocular sign (such as anterior/posterior

blepharitis, conjunctival hyperemia, and staining) was significantly more prevalent in the

preservative group vs preservative-free group [36]. Further, exposure to topical

medications increases the risk of failure of future filtering surgery [37–39], should it be

needed. This is thought to be due to chronic subclinical conjunctival inflammation

induced by topical medication and its preservatives, which can decrease the total

effective filtration area of the conventional outflow system during future surgery [34,37,

38,40–44]. In an effort to avoid these physical effects of medications, preservative-free

formulations have been developed. These can be valuable options for patients who

cannot tolerate or who wish to avoid the side effects of traditional topical eyedrops.

However, they are often more expensive, and they still carry the other limitations of

topical medications discussed in this article, such as nonadherence, IOP variability, and

potential VF progression.

Given the ocular issues associated with topical medications, it is not surprising that the

reduction of medication burden through surgical intervention can lead to an

improvement in the objective physical signs and subjective symptoms of dry eye [45–47].

For example, a study by Schweitzer et al. showed that the medication reduction

following iStent implantation was associated with a significant decrease in the

percentage of eyes with moderate to severe ocular surface disease index (OSDI) score (a

subjective patient-reported measurement), accompanied by similar improvements in
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objective examination findings (e.g. conjunctival hyperemia, tear film breakup time, and

corneal and conjunctival staining) [45].

3. Practical or occupational

Practical or occupational health issues also stand to benefit from a more proactive

interventional mind-set. Glaucoma is associated with greater use of inpatient and home

health aid services; and patients’ perception of vision loss may be associated with

depression, falls, and difficulty walking [48,49]. Glaucoma patients typically have other

comorbidities and medication regimens, which can heighten the risk of forgetfulness or

mis-dosing [50,51]. Adherence is particularly difficult with increasing numbers of

medications, as shown by a study by Robin et al. of multiple vs single eyedrop regimens [

52]. This is consequential considering that approximately half of glaucoma patients are

on more than one medication [53]. And drop instillation itself is known to be difficult in

glaucoma patients due to factors such as older age, arthritis or other limitation of

manual dexterity, and cognitive difficulties [51,54–56].

Medication adherence is well-known to be low. Studies have shown that approximately

60–90% of patients are non-adherent with topical medications, and approximately 50%

purposely discontinue their topical medication(s) within 6 months [54]. Even in the

presence of free medication and assistive technologies, the majority of patients do not

use their medications properly [50,51,54,57–59]. So although medications are effective

and reasonably safe, the fact they must be used correctly and consistently poses a

significant challenge. Medication noncompliance, in turn, is associated with higher rates

of glaucoma progression and worse visual field outcomes [50,51,60–63]. Thus,

nonadherence with topical glaucoma medication should no longer be overlooked and

must be acknowledged as a common problem associated with irreversible glaucoma

progression.

Additionally, medications are known to reach a plateau-like effect, in both single and

combination dosage settings. For single medications such as beta-adrenergic blocking

2/4/25, 4:45 PM Full article: Interventional glaucoma and the patient perspective

https://www.tandfonline.com/doi/full/10.1080/17469899.2024.2382149 7/31



agents, efficacy may decrease over time [64]; for combination therapy, increasing

numbers of medications have been shown to have less incremental benefit to overall

IOP lowering [65]. Moreover, each additional medication is associated with lower

medication adherence [53,65], higher incremental cost, and shorter time to further

accelerations of care, in comparison to the first medication(s) [65]. This has led some to

question whether heightening the medication load, such as with a third or fourth agent,

is worthwhile in the overall treatment paradigm for glaucoma [66].

The costs of medications must also be considered as an important patient-centric

consequence of medication use [67–69], even if patients do not frequently bring this up

to their health providers [70]. A nationally representative sample of the U.S. population

showed that glaucoma patients reported cost-related medication nonadherence more

frequently than patients without glaucoma [71]. In turn, this nonadherence can

contribute to glaucoma progression, as highlighted previously. In comparison to

medications, procedural interventions may be more cost-effective in treating glaucoma

over the long term. For example, the aforementioned LiGHT trial showed that initial

treatment of ocular hypertension or open-angle glaucoma with SLT was more cost-

effective than initial treatment with medication after 3 years [4]. In addition, over 20

health economics studies have examined the cost-effectiveness and cost-utility of MIGS

interventions, including data from countries around the world with both national-

healthcare and private-payer networks. One U.S. example is a cost-utility analysis by

Sood et al. of cataract surgery with either Hydrus or iStent inject compared to cataract

surgery alone; the study found that the device arms dominated or were cost-effective

compared with cataract surgery alone within 5 years, with surgery being cost-effective in

approximately 94–95% of cases. Another example is a cost-utility analysis from Italy,

which showed iStent inject + cataract surgery to be a cost-effective option for the

treatment of patients affected by mild-to-moderate POAG, compared with cataract

surgery alone [72]. A third study was a Canadian Health Technology Assessment, which

showed iStent implantation to be more cost-effective than topical medication(s) [73].

These findings are not entirely surprising, as increasing glaucoma severity has been

shown to lead to increased cost of care [74]. Indeed, evidence suggests that reducing the
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prevalence and severity of glaucoma may result in improvements in non-glaucomatous

medical conditions and resultant health care costs [49]. Thus, it behooves the cost-

sensitive healthcare system to stabilize the disease as early as possible, since a

proactive, patient-centric approach may benefit national payers in addition to patients

themselves.

4. Emotional

Emotionally, there are myriad benefits to preserving visual function via earlier

procedural intervention. Patients’ perception of glaucomatous vision loss may be

associated with depression [49] and also may result in loss of confidence in performing

routine daily tasks [75]. Feeling out of control of their disease may lead glaucoma

patients to have higher levels of anxiety, lower self-image, and reduced confidence in

health care [76].

Studies evaluating quality of life have consistently shown an association between

eyedrop usage and significantly diminished quality of life [30,77,78], and/or general

patient dissatisfaction [79]. For example, a study by Nordmann et al. of approximately

600 glaucoma patients showed that nearly two-thirds had local side effect(s) of glaucoma

medications. These side effects in turn were associated with poor vision-related quality

of life and poor treatment satisfaction [78] and led to increased visits of patients to their

ophthalmologists. The existence of physical or mental comorbidities alongside the

glaucoma diagnosis can further reduce the health-related quality of life reported by

glaucoma patients in the current treatment paradigm [80].

Given these limitations, a procedural intervention with a favorable safety profile may be

an appropriate and desirable treatment alternative, especially when a reduction in

medication burden is sought. Consistent with this thinking, a study by Al Habash et al.

showed a clear improvement in quality of life after various types of MIGS surgery, with

79% of patients reporting that their overall quality of life improved after the procedure [

47]. A study by Pahljina et al. found a clear correlation between medication reduction
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and better Glaucoma Symptom Scale scores (GSS) after phacoemulsification with XEN

Gel Stent implantation, with improved patient satisfaction observed specifically when the

procedure led to a reduction in glaucoma medication [81]. The LiGHT study reported

better GSS scores in the SLT arm than the medications arm [82], while the other markers

of quality of life were similar between groups. Among MIGS pivotal trials, one trial [46]

evaluated quality of life outcomes after surgery. The study found that vision-related

quality of life parameters significantly improved following iStent inject implantation with

phacoemulsification, in comparison to phacoemulsification alone. This improvement

was largely attributed to reduction in topical medications.

A less-frequently characterized but no less important aspect of medication

administration may be the burden it places upon patients’ relatives and caregivers, in

addition to patients themselves. A study by Stagg et al. showed that ongoing glaucoma

treatment (including medications and appointments) can constitute a substantial

burden, often even more than the disease itself [83]. The burden of glaucoma and

glaucoma treatment can include patients’ difficulties with reading, driving, mobility, and

facial recognition; and financial and psychological implications for patients’ caregivers

and family members [84]. This may be particularly problematic for patients with mild

glaucoma who may not be motivated to use medications for a far-off consequence like

glaucoma progression. Indeed, patients’ understanding of glaucoma progression to

irreversible visual impairment is a critical determinant of their benefit: risk evaluation of

both medical and surgical glaucoma interventions. In a study by Jampel et al., patients

were asked what portion of their life they would give up to retain their sight for their

lifetime; those without visual impairment stated 10%, while visually disabled patients

stated 33% [85]. Not surprisingly, then, patients with mild glaucoma may have greater

difficulties with adherence to medication and appointments, which in turn can have

vision-impacting consequences [83].

The ”fear factor” of undergoing a procedure must also not be overlooked, as there may

be understandable hesitation around going to the operating room rather than self-

administering an eyedrop. Fortunately, many of these fears are allayed in the current
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landscape of minimally invasive glaucoma interventions. First, glaucoma procedures are

often completed in conjunction with cataract surgery, thereby addressing two ocular

issues in a single trip to the operating room. And second, if cataract surgery is not

needed or indicated, the high safety profile of minimally invasive laser, MIGS, and

procedural pharmaceutical interventions can be reassuring to patients, especially when

compared to the well-known side effects of topical glaucoma medications.

5. Conclusion

It is clear that the glaucoma treatment paradigm has evolved considerably over the past

few decades. Minimally invasive surgical options with favorable safety profiles have

allowed clinicians and patients to reconsider laser, surgical, and procedural

pharmaceutical interventions earlier in the treatment cascade, rather than waiting for

advancing glaucomatous damage to warrant an intervention. This interventional

glaucoma mind-set provides several avenues to improve the lives of patients. As

reviewed in this paper, these can include physical benefits, such as decreased ocular

surface disease with lower medication usage; practical or occupational benefits, such as

alleviated medication-instillation difficulties, lower costs, and better treatment

adherence; and emotional benefits and improved quality of life. The ultimate goal of

glaucoma treatment is to benefit the patient by maintaining their sight and quality of life,

and we must embrace any available modality for doing so. We stand now at an inflection

point in glaucoma care. In light of the breadth of treatment modalities and an

abundance of scientific literature now afforded to us, it behooves us – and our patients –

to adopt a more proactive, interventional, and ultimately patient-centric approach to the

glaucoma treatment paradigm. The adoption of a caring, updated approach to glaucoma

management will solidify the advocacy role that strengthens the physician-patient bond

and promotes better healthcare.

6. Expert opinion
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As discussed in this article, there are clear benefits – physically,

practically/occupationally, and emotionally – of an interventional glaucoma paradigm to

patients; these are in addition to the benefits to clinicians, society, and the disease

trajectory itself. Despite these advantages, we would be naïve to overlook the very real

hurdles that prevent the paradigm’s more widespread adoption. For example, clinics

must balance patient care with reimbursement difficulties and limitations by insurance

plans; some providers may have inertia in transitioning to earlier intervention due to the

need to learn and incorporate newer techniques into their routines; newer techniques

can be seen as a threat that might slow the pace of the clinic or operating room; staff

may need to be trained to use new diagnostic and therapeutic technologies; and

patients themselves may distrust the medical establishment and see a surgical

procedure as something potentially more harmful than drops.

Certainly, these hurdles can be limitations, but they also can be viewed as opportunities

for research and forward-thinking progress. For example, research could further

investigate the patient-level impacts of switching to an interventional glaucoma

treatment approach; new diagnostic modalities could be further studied and developed

to detect glaucoma earlier and monitor for progression more closely; physician

education could be undertaken to facilitate surgeon training and implementation of

newer techniques; and patient education could be completed to mitigate

misconceptions about different treatment options. In addition, possible new areas of

study might include time-motion studies of clinic flow, which could validate that

interventional approaches can be time- and space-efficient; health economics studies to

assess the cost-utility of an interventional glaucoma approach from a health systems

perspective; and/or patient–feedback studies to evaluate quality of life before and after

a minimally invasive intervention.

Perhaps it is time for us to consider rebranding our field as an interventional field.

Following the example of other specialties such as cardiology, which have both

cardiologists and interventional cardiologists, we could be at the forefront of a new wave

of interventional ophthalmologists. By five or ten years from now, we believe the standard
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of care should have evolved from simply watching a patient suffer from the side effects

of maximum medical treatment until they progress before we perform an intervention.

We will diagnose earlier, monitor for progression earlier, and intervene earlier. We will

employ lower-risk interventions such as laser, MIGS procedures, and/or procedural

pharmaceuticals rather than reflexively reaching for a topical medication. As a result,

patients will be better off physically, practically, and emotionally. Their disease will be

treated proactively, at a stage when interventions can have greater positive impact and

actually change the disease trajectory itself. Physicians will feel more confident that they

are addressing both the patient and his/her disease. And society and health systems as a

whole will bear a lower overall treatment burden. Just as we no longer question coronary

stents because the alternative is simply not acceptable, we should approach glaucoma

treatment similarly. The time is now and our patients need us to take action.

Article highlights

The approach to glaucoma treatment is evolving to become more proactive and

interventional, instead of the traditional reactive heavy reliance on topical

medications.

This article summarizes the physical, practical, and emotional benefits to the patient

of an interventional treatment approach.

Physical benefits can include fewer unwanted side effects of topical medications

(e.g. ocular surface disease, hyperemia, periorbital fat atrophy, eyelid and iris

hyperpigmentation, systemic reactions); improvement in patient-reported

symptoms of ocular surface disease; and avoidance or lessening of corneal and

conjunctival inflammation.

Practical or occupational benefits can include fewer medication-instillation

difficulties, lower overall cost, and better treatment adherence.
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Emotional benefits can include reduction in patient depression and anxiety, increase

in patient confidence, lower burden on patients’ relatives and caregivers, and

improved quality of life.

For the best care of our patients, we need to consider a more proactive,

interventional, and patient-focused treatment approach for glaucoma.
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