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Definition: Achieving optimal treatment outcomes in glaucoma requires patients to adhere to their
medication regimens. Possible barriers to patients’ cooperation include the misunderstanding of
a treatment’s importance or errors in applying instructions, forgetfulness, financial constraints and
others. Due to the fact that glaucoma usually causes no apparent symptoms or pain, on the one
hand, and the significant inconvenience that the eye drops used for glaucoma treatment can cause
due to local irritation, on the other, patient compliance is a challenge. To address this challenge,
we require strategies for improving adherence to glaucoma treatment. The importance of proper
eye drop administration techniques cannot be overstated, particularly for vulnerable populations
such as the elderly, the sick and the visually handicapped. Studies have shown that failure to
comply with glaucoma treatment is a significant factor affecting disease progression, emphasizing
the need for interventions that improve patient compliance. Educational interventions, medication
reminders and the use of assistive devices such as eye drop aids have been shown to improve
adherence to glaucoma treatment. By promoting strategies that can be used to enhance treatment
adherence, healthcare providers can ensure that glaucoma patients receive the full benefits of their
treatment plans, reducing the risk of disease progression. Many patients struggle with the complexity
of their treatment regimens and the challenges of administering eye drops. This entry provides
a comprehensive overview of the different barriers to patient adherence to glaucoma eye drop
treatment, emphasizing the difficulties associated with eye drop instillation. This entry examines
a range of eye drop aids available to patients, evaluating their modes of action, benefits, drawbacks
and effectiveness in improving patient compliance. By providing detailed information on the barriers
to adherence and the range of eye drop aids available, this entry aims to support healthcare providers
in helping glaucoma patients to achieve better treatment adherence and outcomes.
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1. Introduction

Primary open-angle glaucoma is a chronic and progressive optic neuropathy charac-
terized by a gradual loss of vision, which often goes unnoticed until the later stages of
the disease. The proposed explanations for optic neuropathy include direct pressure on
nerve fiber layer axons, local pressure on optic nerve axons at the lamina cribrosa (the
“mechanical theory”) and vascular insufficiency of the optic nerve head (the “vascular
theory”). The fact that intra-ocular pressure is the most important risk factor in glaucoma
supports the mechanical theory. Normotensive glaucoma is associated with other diseases
characterized by vascular dysregulation (migraine, Raynaud’s phenomenon and sleep
apnea), which supports the vascular theory of optic neuropathy in glaucoma. Based on
these data, one may assume that the optic neuropathy of glaucoma is the result of both
mechanisms, whereas the lower the pressure is, the more dominant the vascular component
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is, and the higher the pressure is, the more dominant the mechanical component is. Recent
studies suggested that glaucoma might even be an autoimmune disease—this theory is
supported by immune responses to heat shock protein in some glaucoma patients and
in animal models of the disease [1]. One of the most significant challenges in glaucoma
is the fact that, in many cases, it is diagnosed late in the course of the disease, when the
damage is severe. The reason for that is that glaucoma does not cause pain, discomfort or
functional disturbances in its early stages, leading many patients to delay seeking medical
treatment. Glaucoma is one of the leading causes of blindness worldwide, and if left un-
treated, it can result in permanent vision loss and blindness [2,3]. The most important risk
factors for glaucoma are intra-ocular pressure, age, family history, corneal thickness and
myopia. Intra-ocular pressure is unique, as it is the only risk factor that can be manipulated
through treatment. The lowering of intra-ocular pressure is the only proven treatment for
improving the prognosis of open-angle glaucoma (including normal-tension glaucoma)
and preventing the further deterioration of optic neuropathy [3,4].

As in the case of other chronic medical conditions, treatment is warranted for the
rest of the patient’s life after the diagnosis of the disease. If the chosen treatment is eye
drops, this encompasses the instillation of at least one drop from a single bottle daily. In
most cases, this requires three drops from two different bottles. No “penalty” that the
patient can experience will result from not applying the drops, and the drops usually cause
some degree of local discomfort. For this reason, compliance with glaucoma treatment is a
challenge, and its promotion is mandatory for improving the prognosis of glaucoma. These
difficulties in patients” adherence to chronic glaucoma treatment are a major challenge
for the treating ophthalmologist. Moreover, healthcare providers should recognize that
prescribing fewer eye drop instillations for a patient can increase the likelihood of treatment
compliance [5,6].

The pharmacokinetics of eye drops necessitates their repetitive and scheduled applica-
tion, and inaccuracy in timely instillation results in untreated periods in which pressure is
high and the optic nerve is damaged. Failure to adhere to timely instillation may result from
forgetfulness, an inability to understand the risk—benefit aspects of treatment, reluctance
due to the side effects of treatment or difficulties in medication supply.

Lack of compliance in glaucoma patients is a well-known problem that is believed
to account, at least in part, for medical treatment failures in glaucoma [5,7-10]. Age is
considered one of the foremost risk factors for the development of glaucoma, as individuals
affected by this disease are typically older [2]. Unfortunately, this population is also more
likely to experience challenges in adhering to their medication regimens. In older age,
people may lack the strength needed to pinch the bottle, experience cognitive problems
affecting their ability to remember the drops’ schedule or be using many other medications,
which leads to confusion and impedes their ability to understand risk-benefit issues and act
according to them. Difficulties in instilling the drops due to general medical and cognitive
status pose as an additional barrier to compliance [11-14]. Achieving high compliance
rates among glaucoma patients is critical for successful treatment improvement and for
decreasing preventable future visual disturbances and blindness.

When measuring intra-ocular pressure at a glaucoma patient visit, we must bear in
mind that the measured pressure is a kind of a “snapshot” reflecting the minute value.
Intra-ocular pressure is well-known to fluctuate, and neuronal damage is caused whenever
the pressure is too high for the nerve. This means that even if we find a normal value
at a given time, the pressure may be higher in other parts of the day and cause further
damage to the optic nerve. In addition, the timing of the follow-up visit may influence the
patient’s compliance—patients tend to remember to take their drops better soon after a visit
and when facing a visit scheduled close ahead. This may obscure the actual intra-ocular
pressure value throughout the year and “hide” non-compliance.

In view of the limited value of intra-ocular pressure as a reliable marker of successful
treatment and disease control, more reliable measures of disease control are needed. Two
general groups of disease markers are used for this purpose: anatomic and functional.
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The anatomic refers to the characteristic appearance of the optic nerve head in the
disease. Nerve fiber atrophy creates nerve “cupping” (=enlargement of the central part of
the nerve head containing no nerve fibers). This cupping can act as a measure for disease
severity if it is stable when the disease is under control and worsens with the disease
progressing. Cupping is not influenced by pressure fluctuation and provides an estimation
of the possible added damage following the former examination and its severity. Cupping
can be estimated clinically or measured via Optical Coherence Tomography (OCT). The
main problem with progress estimation based on cupping is its loss in value in severe
disease, in which cupping is total or near-total.

The functional refers to visual field testing. Glaucoma causes some characteristic
changes in the visual field (e.g., nasal step, arcuate scotomata, paracentral scotomas).
Following visual field status and changes can provide an idea of disease control; if the
visual field is stable, the disease is under control. If the visual field has deteriorated, the
disease is worsening. Just like cupping, changes in visual field are not influenced by
moment pressure or pressure fluctuation, and they can effectively summarize the relevant
general behavior of the disease between the two tests under comparison.

As mentioned, cupping estimation is limited in advanced disease. Visual field defects
are usually not found in early disease contexts. For this reason, cupping is considered
a good marker of disease control in early glaucoma, while visual field status is a better
marker of advanced disease.

2. Data
2.1. Eye Drops: The Challenges

Eye drops are the most common method for intra-ocular pressure lowering in glau-
coma. Each kind of eye drop used has to be instilled 1-2 times a day for each eye. Aside
from the technical aspects involved in instillation, as discussed below, one has to store
the drops properly and carry them whenever one travels or leaves home. Furthermore,
patients’ successful and independent use of eye drops can be challenging, and failure to
use them correctly can lead to non-compliance and treatment inefficacy [15-17].

Patients may fail to comply with their medication regimens due to the challenges
associated with the accurate instillation of eye drops or concerns about potential harm
during self-administration, including bottle-tip-related trauma or contamination [15,18,19].
It has been shown that up to 25% of patients miss doses because of these difficulties [20].
Successful eye drop administration is a skill that one learns and improves upon through
practice. The prevalence of glaucoma is higher in the elderly population, for whom
additional comorbidities such as hand tremors, arthritis, a poor coordination and pe-
ripheral neuropathy conditions may pose additional difficulties for successful eye drop
administration [15,21,22]. Non-adherence to glaucoma treatment can lead to inadequate
intra-ocular pressure reduction, which can cause disease progression, visual impairment
and the need for more aggressive treatment.

Several primary issues can significantly affect eye drop treatment in glaucoma patients.
Firstly, patients may show an inability to produce sufficient and powerful force on the bottle
in order to allow the drop to drip out. Secondly, there may be difficulties in placing and
positioning the bottle, which may cause a loss of drops. Furthermore, the loss of drops due
to insufficient pressure on the bottle or its misplacement can lead to an injury, secondary to
accidental contact of the tip of the bottle with the patient’s eye. Table 1 presents a summary
of the main problems limiting patient’s adherence to the treatment schedule.

The overcoming of technical obstacles for the proper instillation of eye drops among
glaucoma patients, such as hand tremors and poor cognitive states, can be achieved through
specialized devices and patient education, which can make instillation simpler and safer,
improve treatment outcomes and reduce the risk of further vision loss.
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Table 1. Summary of the main problems limiting patients” adherence to the treatment schedule.

Expected Challenge Risk Factors for Difficulty
Difficulty in bottle pinching Lack of physical power, neuropathy
Difficulty in bottle placement Tremor, rigidity, poor coordination, fear of corneal touch
Difficulty in timing Reduced mental ability, poor memory
Local side effects Conjunctival reaction, discomfort, dryness
Systemic side effects Compromised pulmonary function, cardiac
Systemic medication Confusion about the overall medical treatment regimen

2.2. Possible Solution: Drop Aids

Drop aids aim to ease the technical issues related to proper eye drop instillation. These
include the strengthening of the bottle pinch, the proper placement of the bottle over the
eye and the prevention of bottle tip contact with the cornea. The use of drop aids can
simplify the instillation of glaucoma medication and help to overcome technical difficulties
that commonly result in non-compliance, thereby promoting adherence to therapy and
potentially improving the effectiveness of glaucoma treatment.

In terms of compatibility with eye drop bottles, both Autodrop (Owen Mumford Ltd.,
Woodstock, UK) and Opticare (Cameron Graham Limited, Huddersfield, UK) are highly
suitable. Autodrop allows for the easy attachment of the eye drop bottle, which is securely
clipped into place. Additionally, the device’s body keeps the lower eyelid in an open
position, preventing blinking. A small pinhole in the device facilitates administration by
directing the gaze upward and away from the falling drops. Conversely, the Opticare device
encloses the eye drop bottle within its structure, providing better grip. The device is then
positioned on the eye, and the eyepiece keeps the upper eyelid open, thus overcoming the
blinking reflex and facilitating the accurate administration of eye drops. Figure 1 presents
examples of drops aid devices.

Figure 1. Examples of drop aid devices: Opticare (Right); Autodrop (Left). Adapted from [23].

Several studies have examined the impacts of using eye drop aid devices on various
factors that can affect the efficacy and safety of glaucoma treatment, such as the amount
of force required to expel a drop, the accuracy of drop placement, the risk of bottle tip
contact with the cornea and the number of drops required for adequate medication deliv-
ery, providing valuable insights into the potential benefits of these devices in promoting
effective and safe medication administration among glaucoma patients [16,18,21,22,24-28].
The results of these reports are presented in Table 2.
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Table 2. A summary of the reports and their findings.
Publication Type No of Patient Patients Product Conclusions Streng't h/Quality
of Evidence (*)
. Prospective, POAG . Aid use lessens .
Salyami et al. [29] comparative 93 patients Eye drop guide compliance high
. Prospective, POAG Upright eye-drop ~ No change in placement, .
Davies et al. [24] comparative 40 patients bottle fewer drops, less touch high
. . 14 publications . . Better pinch power, .
Davies et al. [18] Meta-analysis 1194 patients 14 different aids better coordination very high
No reduction in drops,
Gomes et al. [25] Prospective 23 naive Xal-ease less touch and no low
difference in general use
No change in time,
Prospective number of drops and
Strungaru et al. [26] pective, 30 POAG Mirror hat device ~ placement. Less touch medium
comparative ..
and better vision
of drops
Averns et al. [27] Prospecu.ve, 30 RA patients Opticare Better pinch power. medium
comparative Less Fewer drops
Comparison of Xal-ease, neiﬁiﬁﬁeglg?i‘;};iﬁee
Connor et al. [20] physical none none Opticare, Eyot, . N/A
roperties Opticare cases, decreased in
p the last
. Autodrop, Fewer drops missed in
Zhu et al. [28] Prospectlye, 39 PO.AG autosqueeze, Autodrop, increased low
comparative patients . B . . .
simplitouch patient satisfaction
Sharma et al. [30] Prospectlye, 72 PO.AG Application strips Less eye contact, fewer medium
comparative patients drops missed

(*) The report’s strength and the quality of evidence presented were evaluated based on the GRADE system for
evaluating studies [31].

3. Application

The reports on drop aids as a potential solution for improving compliance with medical
treatments of glaucoma have identified four key problem categories that need to be taken
into consideration for the successful instillation of eye drops: the force needed to expel
a drop, drop placement, bottle tip contact and contamination risk, and the number of
drops expelled.

3.1. Force Needed to Expel a Drop

An evaluation of the force required to expel a drop from various glaucoma medication
bottles revealed significant variability between different products, and further analysis of
the impact of drop aids on expelling force demonstrated varying levels of effectiveness
across different types of aids, with some aids proving to be more effective than others
in reducing the force needed to expel a drop [20,32]. In rheumatic arthritis patients, the
use of Opticare (Cameron Graham Limited, Huddersfield, UK) allowed for better pinch
power to be exerted, improving the ease of use. According to the authors, when using
the conventional bottle, half of the patients encountered difficulties when attempting to
instill their eye drops, whereas one-third experienced such difficulties when using Opticare.
Furthermore, this device proved particularly effective in improving patient independence,
with 13% of individuals who previously required the assistance of their spouse for eye
drop administration being able to independently self-administer their drops using the
device [14].

3.2. Drop Placement

The accurate placement of glaucoma eye drops in the conjunctival sac is essential
for optimal therapeutic outcomes, but many patients have trouble achieving this. The
use of an upright eye drop bottle (EG Gilero, Durham, NC, USA), eye drop (Vangouard
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Design, Sao Paulo, Brazil) mirror hat device (noncommercial, developed by John Beck) or
inverted-funnel-shaped eye drop guide (Merck Frosst Canada, Kirkland, QC, Canada) did
not improve the placement of drops in comparison to instillation without a drop aid, while
that of a black-tipped bottle (using black tape developed by Sterion, Minneapolis, MN,
USA, with a Timolol eye drop bottle developed by Apotex NK, Aukland, New Zealand),
Opticare (Cameron Graham Limited, Huddersfield, UK), Xal-ease (Pfizer ophthalmics,
New York, NY, USA) and easydrop (Quoteforce, UK) improved drop placement in the
conjunctival sac [17,22,26].

3.3. Bottle Tip Contact and Contamination Risk

One of the major concerns for patients undergoing topical treatment is the potential
for contamination or trauma caused by contact between the eye drop bottle tip and the
eye surface. Contact between the eye drop bottle and the cornea can cause sloughing
of the corneal epithelium (corneal erosion), a painful situation which needs time to heal.
However, this need is not met because of the recurrent application of drops, and this
may cause chronic damage to the cornea. Another possible result of bottle tip contact is
contamination, with possible significant damage to the cornea. Despite 92.3% of patients
with ocular diseases reporting no issues with eye drop administration, only 21.9% (with a
15 mL bottle) and 31% (with a 2.5 mL bottle) were able to successfully instill a single drop
without the bottle tip making contact with the eye. This highlights the need for increased
awareness and education, along with drop aid assistance, in regard to proper eye drop
administration techniques in order to minimize the risk of contamination or injury [33].

Consistent with the challenges of accurate drop placement, several studies have re-
ported that less than half of glaucoma patients are able to instill eye drops without the tip
of the bottle coming into contact with the eye [22,33]. Further emphasizing the importance
of this issue, bottle tip contact was reported as a cause of ocular infection [34,35] and in-
flammation [36]. Moreover, contamination caused by bottle tips when using a conventional
bottle was reported in 46-61% of glaucoma patients [22,23]. Consistent with the potential
benefits of using drop aids for reducing bottle tip contact, reports that compared contact
between instillation with and without drop aids demonstrated a decrease in the incidence
of contact with the eye when using an eye drop aid, underscoring the potential of these
devices to enhance medication adherence and reduce the risk of ocular injury or infection
associated with conventional medication administration techniques [24-26,30].

3.4. The Number of Drops Expelled

The various issues related to conventional medication administration techniques,
such as inaccurate drop placement, excess force on the bottle and insecurity regarding the
drops’ arrival into the eye, cause excess drops to be expelled. The instillation of excessive
drops increases the risk of adverse events such as local skin irritation from the spillage
of drops onto the periocular skin and systemic side effects. Furthermore, it may lead to
the wastage of medication and requires patients to visit the pharmacy more frequently in
order to purchase new medication bottles. It has been shown that nearly 50% of glaucoma
patients use two or more drops in each instillation [37]. In addition, it is stated in the
literature that medication waste increases the cost of treatment and has a negative effect
on compliance [38]. Therefore, when using drop aids, a decrease in the number of drops
used was expected. While upright eye drop bottles (EG Gilero, Durham, NC, USA) and
Opticare (Cameron Graham Limited, Huddersfield, UK) were found to reduce the number
of drops [24,27], Xal-ease (Pfizer Ophthalmics, New York, NY, USA) and the mirror hat
device (noncommercial, developed by John Beck) did not show an effect on the number
of drops used [25,26]. In a previous report, the numbers of drops instilled were compared
between drop bottles, Autodrop and Opticare [23]. According to this report, Autodrop’s
use was associated with more drops used compared to the use of bottles without aids and
Opticare. This report stated that one of the problems in bottle instillation is the need for
multiple drops due to the wastage of drops that land on the cheeks and lids. The capacity
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for reducing the number of drops with a drop aid depends on skilled use, which takes
time to develop. This report on the increasing number of drops probably reflects a need for
additional training in the use of aids, as the research reported here referred to a single event
of drop placement after two sessions of training. In real life, a patient who uses the aid on
a regular basis has much more training gained through everyday use and is expected to
master the act much better than is possible after two training sessions. Once the patient
masters the use of the aid, they should be able to properly direct the drops, waste less drops
and, accordingly, use less drops.

4. Conclusions and Prospect

The key benefit of using drop aids lies in their capacity to effectively prevent bottle
tip contact with the eye, thereby reducing the risk of ocular inflammation and infection
associated with conventional medication administration techniques, ultimately promoting
greater patient safety and medication adherence. Among the devices reviewed in the
present report, the Xal-ease, mirror hat and upright drop bottle seem to show the best
effects in preventing bottle tip contact with the cornea. Moreover, drop aids may decrease
the force needed to insert the bottle and the number of drops used for each drop’s ejection.
Opticare was found to have a favorable effect on the force needed to expel a drop. Drop
placement improves with some drop aid devices and remains unchanged for others.

Drop aids have been developed to facilitate the instillation of eye drops by providing
patients with a more accurate means of placing the drops into the conjunctival sac and
controlling the force applied to the bottle, which helps to prevent excessive dripping and
reduce the risk of ocular infection or erosion resulting from bottle tip contact with the eye.
The improved convenience and safety of drop administration support patient confidence
and, in turn, may increase compliance and positively affect disease prognosis. Several
reports on the advantages of drop aids have been published, focusing on both specific aids
and comparative research. No comprehensive, prospective study which includes all the
available drop aids has been published. The obvious need for an efficient aid and the large
number of products call for large-scale research including all the relevant characteristics of
drop aid performance in order to provide recommendations on the most efficient products.
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