Medical Devices: Evidence and Research Dove

ORIGINAL RESEARCH

Reduction of Eyedrop Volume for Topical
Ophthalmic Medications with the Nanodropper
Bottle Adaptor

Deidre M St. Peter ', Jennifer S Stegerz, Jennifer L Patnaik', Nicole Davis', Malik Y Kahook',
Leonard K Seibold'

'Department of Ophthalmology, University of Colorado School of Medicine, Aurora, CO, USA; 2Nanodropper, Inc, Rochester, MN, USA

Correspondence: Leonard K Seibold, Department of Ophthalmology, University of Colorado School of Medicine, 1675 Aurora Court, Aurora,
CO, 80045, USA, Tel +1 720-848-2020, Fax +| 720-848-5079, Email Leonard.seibold@cuanschutz.edu

Purpose: To determine the drop volume and total number of dispensed drops using the Nanodropper eyedrop bottle adaptor
(Nanodropper, Inc.) compared to drops dispensed from stock bottles to potentially limit ocular toxicity of these eyedrops and prolong
bottle use.

Patients and Methods: Six topical ocular hypotensive medications (5 solutions, 1 suspension), one steroid (suspension) and two
artificial tears emulsions were selected for this study. An analytical balance was used to determine the mass per 10 drops with and
without the volume-reducing adaptor and repeated until the bottles were completely emptied. The density of each product was
determined using the calculated density. The average drop volume and number of drops per bottle for the nine medications were
compared with and without the adaptor with paired t-testing.

Results: When all medications were assessed, the drops delivered with the adaptor were 62.1% smaller than eyedrops administered
from standard bottles. Compared to stock bottle eyedrops, which had a mean volume of 39.8 + 2.1 uL, the adaptor resulted in drops
with a mean volume of 15.1 + 1.0 pL, p<0.0001. The adaptor delivered 2.6x the number of drops dispensed from a standard 2.5 mL
bottle (184.1 + 15.1 drops with adaptor and 69.8 £ 4.9 drops from stock bottle, p<0.0001).

Conclusion: The Nanodropper eyedrop bottle adaptor can significantly reduce drop volume and increase the overall number of drops
dispensed compared with stock eyedrop bottles. Further studies are needed to elucidate the clinical impact of utilizing decreased drop
volume with direct comparison to current standards of care.

Keywords: ophthalmic medication, medication delivery, dry eye syndrome, glaucoma medications, medication adherence, drop assist
devices

Introduction

Initial treatment of most eye diseases centers on use of topical medications, but significant barriers to adherence can
greatly limit efficacy.' These barriers include the inability to properly self-administer drops, early depletion of drops from
stock bottles, forgetfulness, and difficulty with drop administration and medication schedule, among others.' A variable
that can influence treatment adherence is early depletion of drops. There are a few drop volume-related factors that, when
considered together, may contribute to premature bottle depletion: 1) Eyedrop bottles dispense drops that exceed the tear
volume of the human eye.? 2) Patients regularly miss their eye when administering eyedrops. One review found that for
every drop that makes it into a glaucoma patient’s eye, seven drops are wasted in the instillation attempt.®> A previous
investigation demonstrated that the different stock bottles deliver a wide range of eyedrop volumes, from 20 to 70 puL per
drop.* There are no current regulations on drop size from stock bottle droppers, so patients may be exhausting their
medications prematurely depending on the stock bottle’s drops size. Studies in healthy subjects have also shown that
increasing drop volume >20 pL does not increase the drug concentration in the tear film, indicating that larger drop
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volumes provide superfluous medication per dose.>>° Since the commercial eyedrop volume is larger than what the cul-
de-sac can hold, most of the medication is washed out following instillation and only 5% of the drug reaches the ocular
tissues.” Excess ophthalmic medications are often systemically absorbed potentially leading to unwanted side effects and
potentially worsening medication adherence.® A review of the determinants of eyedrop volume concluded that the ideal
dropper tip consists of a “small diameter outer orifice with a design clearly defining the surface area from which the drop
will fall” to limit the drop volume and make administration of medications more streamlined for the patient.*

The Nanodropper (Nanodropper, Inc.) is an FDA-listed, volume-reducing adaptor that can be placed onto most
eyedrop bottles. It is specifically designed for ease of use and eyedrop volume reduction and has a blue silicone tip for
easy visualization (Figure 1A). This design, therefore, should help with the problem of eyedrop aim by making the tip
more visible to patients. The adaptor may also help with drop depletion by potentially extending the use of ocular
medication bottles. The device creates a small surface area onto which drops will form, reducing the drop volume. By
reducing the size of drops, the adaptor may also assist in limiting side effects, which may improve patient adherence. The
aim of this study was to examine the adaptor’s efficacy in reducing eyedrop volume and prolonging the life cycle of
individual bottles when used with different medications and formulations.

Materials and Methods

This experimental study was designed to determine the average drop volume and the total number of dispensed drops per
milliliter and bottle when using the adaptor compared with the standard dropper for various topical ophthalmic
medications. Nanodropper adaptors (Nanodropper, Inc., Rochester, MN) were provided by the manufacturer. This
research did not receive any specific grant funding from agencies in the public, commercial, or not-for-profit sectors.
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Figure | Nanodropper decreases the volume of eyedrops of nine different ophthalmic medications. (A) Labelled photograph of Nanodropper parts including a silicone tip,
plastic base and plastic cap. (B) Mean volume of current eyedrops and Nanodropper-mediated microdrops collected for nine different drugs. n = 2 bottles. (C) Mean volume
of current eyedrops and Nanodropper-mediated microdrops from all nine medications combined. n = 18 bottles. (D) Mean volume of current eyedrops and Nanodropper-
mediated microdrops of the six ocular hypotensive prescription medications used to treat glaucoma: bimatoprost 0.01%, timolol maleate 0.5%, brimonidine tartrate 0.15%,
brimonidine tartrate 0.2%/timolol maleate 0.5%, dorzolamide hydrochloride 2%/timolol maleate 0.5%, and brinzolamide 1%. n = 12 bottles. (E) Mean volume of current
eyedrops and Nanodropper-mediated microdrops of the five tested medications that are formulated as solutions: bimatoprost 0.01%, timolol maleate 0.5%, brimonidine
tartrate 0.15%, brimonidine tartrate 0.2%/timolol maleate 0.5%, and dorzolamide hydrochloride 2%/timolol maleate 0.5%. n = 10 bottles. (F) Mean volume of current
eyedrops and Nanodropper-mediated microdrops of the two tested medications that are formulated as suspensions: brinzolamide 1% and prednisolone acetate 1%. n = 4

bottles. (G) Mean volume of current eyedrops and Nanodropper-mediated microdrops of the two tested medications that are formulated as emulsions: Systane Complete®
and Systane®. n = 4 bottles. Error bars, SEM, *P<0.0001, **P<0.01.
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Nine different topical eye medications were evaluated, including bimatoprost 0.01% (Lumigan®, Allergan USA, Inc.,
Madison, NJ), timolol maleate 0.5% (Sandoz Inc., Princeton, NJ), brimonidine tartrate 0.15% (Alphagan P®, Allergan,
Inc., Irvine, CA), brimonidine tartrate 0.2%/timolol maleate 0.5% (Combigan®, Allergan, Inc. Irvine, CA), dorzolamide
hydrochloride 2%/timolol maleate 0.5% (Cosopt®, Akorn, Inc. Lake Forest, IL), brinzolamide 1% (Azopt®, Alcon
Laboratories, Inc., Fort Worth, TX), prednisolone acetate 1% (Pred Forte®, Allergan, Inc., Irvine, CA), Systane
Complete® (Alcon Laboratories, Inc., Fort Worth, Tx) lubricant drop, and Systane®™ (Alcon Laboratories, Inc., Fort
Worth, Tx) lubricant drop. Drop volume and number of drops were estimated using the densitometric method for volume
determination.” Room temperature (22°C) drops were dispensed from previously unopened bottles held at 90° and
measured in increments of ten with a 0.0001 g analytical balance (Sigma-Aldrich, Darmstadt, Germany) through bottle
depletion. Drop expression was performed manually and all measurements were performed by the same investigator. For
each medication, these measurements were performed with two standard bottles and two bottles using the adaptor. A total
of 36 bottles of medication were therefore used in this study.

To determine the volume of each drop, a 200 pL pipette (Sigma-Aldrich, Darmstadt, Germany) was used to draw
a 100 puL sample of each medication and the mass was measured. This was repeated four times per medication and the
average mass was divided by 0.1 mL to determine the mean density of each medication. This density was then used to
determine the volume per drop and per bottle, as the density is equal to the solution’s mass divided by the volume.

Statistical analyses were performed, and graphs were generated using Prism 9 (GraphPad Software Inc., San Diego,
CA, USA). The mean volumes were calculated for standard drops and drops dispensed with the adaptor for each bottle of
medication. Two-way ANOVA was used to compare the drop volume with and without the adaptor across all medica-
tions, and within-medication comparisons of drop volume were conducted using Sidak’s multiple comparisons. Welch’s
t-test was used to compare mean drop volume of standard drops versus drops dispensed with the adaptor when
medications were grouped together by indication (glaucoma, steroid, artificial tears), and by formulation (solutions,
suspensions, and emulsions). The number of drops per bottle was scaled to a 2.5 mL bottle for each medication to
compare the effects of the adaptor on drop number per bottle. Two-way ANOVA was used to compare the mean number
of drops dispensed per 2.5 mL bottle with and without the adaptor across all medications, and within-medication
comparisons of the number of drops per 2.5 mL were conducted using Sidak’s multiple comparisons. To determine
the percent reduction in drop volume of specific medications and formulations that can be solely attributed to use of the
adaptor, we normalized the mean volume of drops dispensed with the adaptor to the appropriate mean standard drops
volume. For each medication, the mean volume of drops dispensed with the adaptor for each tested bottle (drop volume
measurements were performed with two bottles using the adaptor for each medication) was divided by collective mean
standard drops volume for this medication. These normalized values were then compared using a one-way ANOVA with
Tukey’s multiple comparisons. To evaluate drop volume reduction with the adaptor per formulation, the formulation type
of each tested medication was initially noted. The mean volume of drops dispensed with the adaptor for each tested bottle
(drop volume measurements were performed with two bottles using the adaptor for each medication) was then divided by
the collective mean standard drops volume of all the bottles that are the same formulation type as the medication being
evaluated. For example, two suspensions were evaluated in this study, brinzolamide 1% and prednisolone acetate 1%.
Using brinzolamide 1% as an example, the volume of drops dispensed with the adaptor for each bottle of brinzolamide
1% was divided by the mean volume of standard drops of the two tested bottles of brinzolamide 1% and the two tested
bottles of prednisolone acetate 1% to determine the formulation-normalized drop volume reduction with the adaptor for
each medication. These values were then grouped together by formulation and medications were then grouped together
by formulation and compared using a one-way ANOVA with Tukey’s multiple comparisons. A p-value of <0.05 was
considered statistically significant.

Results

Six topical glaucoma medications, one steroid medication, and two types of artificial tears were selected for study. Of
these, five medications were solutions, two were suspensions, and two were emulsions (Table 1). The adaptor
(Figure 1A) significantly decreased drop volume compared to the standard dropper for each medication studied
(Figure 1B, p<0.0001 for each drug-specific post-hoc comparison). On average, when all medications were combined,
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Table | Classification of Nine Ophthalmic Medications by Indication and Formulation
Indication Formulation
Glaucoma | Steroid | Artificial Tears | Solution | Suspension | Emulsion
Bimatoprost 0.01% X X
Timolol maleate 0.5% X X
Brimonidine tartrate 0.15% X X
Brimonidine tartrate 0.2%/timolol maleate 0.5% X X
Dorzolamide HCI 2%/timolol maleate 0.5% X X
Brinzolamide 1% X X
Prednisolone acetate 1% X X
Systane Complete® X X
Systane® X b

compared to the standard dropper, the adaptor reduced the drop volume by 24.7 + 2.3 pL. (mean + SEM), from 39.8 + 2.1
pL to 15.1 £ 1.0 pL, corresponding to a 62.1% decrease in drop volume (Figure 1C, p<0.0001). For glaucoma
medications, the average drop volume with the standard dropper and the adaptor was 38.9 = 2.9 pulL and 14.2 £ 1.4
uL, respectively, representing a 24.7 £ 3.2 pL reduction in drop volume with the adaptor (Figure 1D, p<0.0001). For
solutions, compared to the standard dropper, the adaptor decreased drop volume by 23.4 + 3.4 puL, from 36.8 = 3.1 pL to
13.4 + 1.5 pL (Figure 1E, p<0.0001). For suspensions, compared to the standard dropper, the adaptor decreased drop
volume by 27.0 £ 3.3 uL, from 43.8 = 3.2 uL to 16.8 £ 0.7 uL (Figure 1F, p<0.01). And for emulsions, the average
volume was 43.1 £ 3.3 uL with the standard dropper and 17.8 £ 1.7 uL with the adaptor, representing a 25.3 = 3.7 uL
decrease with the adaptor (Figure 1G, p<0.01). Suspensions and emulsions had slightly larger drop volumes both with
and without the adaptor, but for all medications, the adaptor drop volume was significantly smaller than the standard drop
volume (Figure 1B, p<0.0001 for each drug-specific post-hoc comparison).

The adaptor also increased the total number of drops per bottle for all medications compared with standard bottles.
The average number of drops increased from 69.8 + 4.9 drops per bottle to 184.1 £ 15.1 drops per bottle with the adaptor
(scaled to a 2.5mL bottle for all medications, Figure 2, p<0.0001). The adaptor dispensed 2.6x the number of drops
delivered from a standard 2.5 mL bottle of medication.
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Figure 2 Nanodropper increases the number of eyedrops dispensed from bottles containing nine different ophthalmic medications. Mean number of eyedrops dispensed per
bottle of eyedrops without (current drops) and with (+Nanodropper) the Nanodropper installed. n = 2 bottles. Error bars, SEM, *P<0.0001.
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Figure 3 (A) Normalized between-drug comparison of Nanodropper-induced drop volume reduction. n = 2 bottles per drug. (B) Normalized between-formulation
comparison of Nanodropper-induced drop volume reduction. Solutions n = 10 bottles, suspensions n = 4 bottles, emulsions n = 4 bottles. Error bars, SEM.

Drop volume data were normalized to the mean volume of the respective drug’s standard drops allowing for
comparison of the standard drop volume reduction with the adaptor between medications. There was a difference in
drop volume reduction with the adaptor across all medications (Figure 3A, p=0.0035). The drop volume with the adaptor
ranged from 31.6 + 0.5% (timolol maleate 0.5%) to 43.8% + 3.9% (dorzolamide hydrochloride 2%/timolol maleate 0.5%)
of the respective drug’s standard drop volume. Drop volume data were also normalized to the mean volume of the
respective formulation’s standard drops. We did not observe a significant between-formulation difference in drop volume
reduction with the adaptor. For solutions, suspensions, and emulsions, the adaptor produced drops that were 36.5% =+
4.2%, 38.2% + 1.7%, and 41.2% =+ 3.9%, respectively, of the formulation’s standard drop volumes (Figure 3B,
p=0.7707).

Discussion

In this study, we characterized the utility of a novel eyedrop bottle adaptor in reducing the volume of eyedrops
administered from a given bottle. When all medications were assessed together, compared to eyedrops administered
from standard bottles, the drops delivered with the adaptor were 62.1% smaller, resulting in a 2.6-fold increase in the
number of drops dispensed per bottle. Furthermore, the adaptor-mediated reduction in eyedrop volume was significant for
solutions, suspensions, and emulsions alike.

Successful glaucoma treatment with topical medications heavily relies on a patient’s ability to administer drops
according to a set dosing schedule. Likewise, poor adherence with therapy may result in poorer vision outcomes. A 2020
study showed that the 20-year incidence of blindness for non-adherent glaucoma patients was 13.5% in at least one eye
whereas in adherent patients, the rate was 5.4%, indicating worse outcomes for patients with barriers to adherence.'®
Unfortunately, studies show alarmingly high rates of non-adherence to topical treatments in glaucoma patients between
30% and 80%.'""?

Several patient survey studies have sought to uncover common barriers to glaucoma medication adherence, specifi-
cally drop administration. In a cross-sectional survey of patients with glaucoma treated with topical medications,
Newman-Casey et al found that 26.5% of patients self-reported non-adherence and 59% of these non-adherent patients
reported a lack of self-efficacy in instilling drops.' This study also found that one in five patients surveyed were
interested in utilizing a drop assist device for controlling the number of drops or assisting in aim." Currently available
dosing aids help guide instillation, assist in squeezing the bottles, and audibly alert patients to use drops."

It was found that 18% of non-adherent patients surveyed by Newman-Casey at al. expressed difficulty with
controlling the number of drops administered per dose." A 2014 survey found that 25.4% of 236 glaucoma patients

Medical Devices: Evidence and Research 2023:16 hetps: 75

Dove:


https://www.dovepress.com
https://www.dovepress.com

St. Peter et al Dove

who self-administered topical ophthalmic medications reported early exhaustion of eyedrops in a one-year period, and
5.1% of patients reported that they ran out of drops early at least five times per year.14 This problem is so prevalent that
the American Academy of Ophthalmology has supported legislation to require insurance companies to refill drops early,
though many states do not support this measure yet.'> An adaptor such as the Nanodropper that reduces drop volume
from stock bottles and extends bottle lifecycle would therefore provide a novel tool for improving adherence as there is
currently no other device available on the market to reduce drop size.

While ideal drop volume for topical medications is still unclear, standard bottle tips likely deliver a drop larger than
necessary. In fact, a drop volume greater than 20 pL exceeds the tear film capacity, and increasing drop volume over this
threshold does not increase therapeutic efficacy.” One study found that a volume in excess of 10 pL is not absorbed from
the tear film, suggesting the ideal drop volume is likely between 10 and 20 pL.> A recent study found that, in a pediatric
population, microdrops delivered with a Nanodropper provided non-inferior mydriasis relative to the standard drop size
from the bottle dropper.'® Previous studies have detailed average drop volumes much larger than 10-20 pL for various
glaucoma medications using the stock bottle dropper. A 2020 study of several combination glaucoma drops common in
China found that the average drop volume was between 24.4 and 32.6 uL using the stock bottle droppers, whereas a 2015
study of latanoprost brands showed an average drop volume between 30 and 33.1 pL."”'® Moore et al characterized the
variability in drop volumes for a wide range of glaucoma medications and concluded that the mean volume per drop of
glaucoma medication was 79 puL + 34 pL, with a range of 20.9 to 40.8 drops/mL of medication using the stock bottle
dropper.”

Because of the discrepancy between stock bottle drop volumes and the potential ideal drop volume, previous efforts
have been made to find an alternative means of reducing drop volumes. Kumar et al attempted to reduce the drop volume
from stock bottle droppers by inserting a glass capillary tube with a 0.5 mm inner diameter into the dropper lumen."”
They were able to reduce the average drop volume from 32.7 pL to 18.8-22.9 pL, but this technology is not
commercially available.'” Our data shows that among nine different eyedrop medications, the average drop volume
from stock bottles was 39.8 pL, which is similar to previously reported volumes, especially when considering the 90°
angle we employed, as other studies varied the bottle tilt. We found that the adaptor significantly reduced the drop
volume for solutions, emulsions, and suspensions to a potentially more ideal drop volume between 10 and 20 pL.”

Along with reducing drop volume, an effective bottle tip adaptor should increase the number of drops per bottle.
A 2016 study of various medications, including five brands common in the United States, showed that for 2.5 mL and
5 mL bottles of latanoprost, the average number of drops per bottle using the stock bottle dropper was between 83.3—85.3
and 127.7-163.3, respectively.?’ Similarly, our data show that a 2.5 mL bottle contains between 54 and 97 drops per
bottle. The large variation in number is likely because emulsions and suspensions tend to create larger drop volumes and
were included along with solutions in our study. We found that the adaptor dispensed 2.6 times the number of drops
compared to standard 2.5 mL bottles of medication.

In addition to reducing drop volume and resultant early bottle exhaustion, a smaller drop volume may also impact
medication adverse effects. A 2016 review paper stated that the extent of a drug’s systemic absorption depends partly on
the volume of the eyedrops, as ocular absorption accounts for less than 10% of the dose administered, and up to 80% of
the dose is thought to be systemically absorbed through the conjunctiva and mucous membranes of the nasal passages.®

This suggests that limiting the volume of eyedrops administered should help to limit systemic side effects.'* In fact,
studies have found that microdrops reduce the systemic absorption of topical phenylephrine in human subjects without
reduced efficacy of pupillary dilation.*'**

Even more common than systemic effects, topical side effects from glaucoma medications are well known. A review
of topical glaucoma medications and their side effects showed that topical medications decrease the stability of tear film
leading to dry eye and a reduction of quality-of-life measures for patients using topical drops.”> A meta-analysis
published in 2020 found multiple large studies demonstrating toxicity to the ocular surface secondary to benzalkonium
chloride (BAK), a common additive in glaucoma medications. Side effects from this preservative include decreased tear
breakup time, abnormal fluorescein staining, superficial punctate keratopathy, altered tear film osmolarity, worse ocular
surface disease index (OSDI) scores, and more pain and discomfort with instillation.** Animal studies also suggest that
exposure to BAK-preserved glaucoma medications may lead to corneal epithelial damage, increased conjunctival
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inflammation, and decreased conjunctival goblet cell viability.”>° This preservative is also potentially toxic to the
trabecular meshwork, with cultured trabecular meshwork cells showing significantly higher rates of cell death when
exposed to BAK as opposed to alternative preservatives or BSS.?*"-*® Additionally, patients who have chronically used
preserved glaucoma medications may have poorer outcomes after filtering surgery, likely from chronic inflammatory
changes.” Previous studies have shown that microdrops of pilocarpine, phenylephrine, and tropicamide produced fewer
ocular side effects than standard drop sizes.®?*' Limiting drop volume with the adaptor can, therefore, reduce the
topical exposure to both glaucoma medications and their preservatives, which may prove beneficial to patients on long-
term therapy. There is no known threshold for preservative toxicity, so further studies are warranted to determine the true
impact of a smaller drop volume on ocular surface disease.

Aside from direct clinical benefits, there would be a cost benefit to increasing the number of drops per bottle for
patients, assuming a relatively stable price per bottle of medication. Studies have shown that cost is a significant barrier
to adherence in patients with glaucoma.**>* A 2018 study compared the price and medication waste of single-use blister
packs with bottles of medication and determined that bottles were, overall, more cost-effective than single-use medica-
tions even after accounting for over- or under-consumption of medication on a monthly basis.*> As the most cost-
effective means of obtaining topical medications is a stock bottle, the adaptor could, therefore, extend the use of these
medications beyond what is currently available through other products. Moreover, one study determined through cost-
adjusted quality of life algorithms that a measure costing $550/year or less to improve medication adherence for
glaucoma patients would be considered highly cost effective.'” The adaptor may improve adherence to medication
through ease of use and prolonging the lifecycle of eyedrop bottles at a far lower cost.

The potential benefits of the adaptor should be contrasted with the potential drawbacks of the device. The adaptor
should extend the lifespan of the stock bottle by reducing the drop size and some may argue that this will increase the risk
of medication contamination. Indeed, a 2019 study conducted in Kenya, including both inpatient and outpatient ocular
medication bottles, showed that up to 72.8% of eye bottles used for an average of two weeks become contaminated with
bacterial microorganisms.*® However, a recent multi-society position paper endorsed by the American Academy of
Ophthalmology, the American Glaucoma Society, the Outpatient Ophthalmic Surgery Society and the American Society
of Refractive Surgery was published in 2022 regarding reducing topical drug waste. The second of three evidence-based
recommendations made in this position paper is that “Topical drugs in multidose containers can be used until the
manufacturer’s labeled date of expiration”.®” It is thought that the preservatives in eyedrop bottled should prevent
contamination of medications until the stated expiration date, unless otherwise stated on the manufacturer label.*® These
guidelines assume proper training for safely administering eyedrops, something which not all patients may have
undergone, potentially increasing the risk of contamination. Given the Academy’s current recommendations, it is likely
that the adaptor’s ability to prolong the use of medication bottles will not lead to increased risk of contamination allowing
that proper eyedrop installation techniques are used. Furthermore, though much was discussed regarding the potential
ideal volume of topical ophthalmic medications, the fact remains that the existing data suggest a smaller drop size may be
adequate and provide the benefits we detail, but this requires further study to confirm.

We acknowledge several limitations of our study including the lack of variation in medication brand/manufacturer
that were tested. Although formulations of medication are strictly regimented, there may be variations on surface tension
between brands that might lead to a variation in drop volume, which were not accounted for in our study. An additional
study to look at brand differences for these ophthalmic medications is not likely needed given the clear demonstration of
a significant reduction in drop size amongst all medications studied. Additionally, there may be slight differences in total
bottle volume based on manufacturer regulations. Furthermore, a non-masked single researcher collected data and
manually expressed drops so there was no control for the force at which the eyedrop bottles were squeezed during
data collection. The densitometric method was used for study and the density-based values used for volume calculations
may have been subject to systematic error. Additionally, the bottle volume and number of drops per bottle varied in our
study, which is consistent with reported deviations between true and stated bottle volumes.*
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Conclusion

Our data demonstrate for the first time how a specifically engineered adaptor can significantly reduce the drop volume of
ophthalmic medications compared with the standard dropper to increase the number of drops per bottle of medication.
This adaptor could alleviate many barriers to ophthalmic medication adherence and may improve patient outcomes.
Future studies should examine patient medication adherence and satisfaction with the adaptor in addition to the adaptor’s
effect on bioavailability of medications. IOP-lowering efficacy and cost analyses for medication use with and without the
adaptor are also warranted.

Disclosure
The authors report no conflicts of interest in this work.
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