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Introduction: Ophthalmic medications administered via standardized eyedrop bottles have an average drop size of 40 puL, but
absorption is limited to the conjunctival sac volume of 7-10 pL. The Nanodropper is a commercially available eyedrop bottle adapter
capable of consistently delivering 10 pL aliquots. We hypothesized that the Nanodropper would supply a sufficient medication dose
for mydriasis that is non-inferior to the standard eyedrop bottle.

Material and methods: Adult patients scheduled for routine bilateral eye dilation were selected. Exclusion criteria included anisocoria,
use of mydriatic agents, and unilateral pseudoexfoliation. One eye was randomly selected and dilated with the Nanodropper, and the fellow
eye dilated with the standard bottle with a 50/50 mixture of 1% tropicamide and 2.5% phenylephrine. Pre- and post-dilation pupil sizes were
objectively measured with a pupillometer and compared between fellow eyes with a noninferiority margin of 0.5mm.

Results: A total of 54 patients (108 eyes, 54 pairs) were included in the study. Pre-dilation pupil sizes were similar in the Nanodropper
eye compared to the fellow eye. There was no difference in post-dilation pupil size between fellow eyes with a noninferiority margin
of 0.5mm (95% CI [-0.09, 0.15], p = 0.67).

Discussion: This study demonstrates that small volume eye drops using the Nanodropper adapter are as efficacious as standard
volume drops for mydriasis. This may provide many clinical, practical, and economic advantages such as reducing medication excess,
toxicity, and material costs.

Conclusion: The Nanodropper is non-inferior to the standard eyedrop bottle for pupillary dilation. Small volume eyedrops may
reduce medication waste and side effects and improve affordability and patient compliance.

Plain Language Summary: Efficacy of small volume drops using a Nanodropper adapter for pupil dilation compared to a standard
volume was studied. The Nanodropper mechanism was non-inferior to standard volume drops for mydriasis.
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Introduction

Ophthalmic medications are commercially available and administered via standardized eyedrop bottles with an average
drop size of 40 pL.' The surface of the human eye and conjunctival sac is capable of retaining 7-10 uL, with the
remainder of the overflowing fluid lost as runoff.>> Despite the deliverance of topical medications in 40 pL aliquots, in
actuality the ophthalmic absorption is limited to the medication available within this smaller reservoir. This excess leads
to unintentional pharmaceutical waste, increased medication costs and adherence issues due to more frequent refills, and
greater risk of medication toxicity due to higher volumes delivered.*

Mydriatic agents such as tropicamide and phenylephrine are frequently administered in the ophthalmology clinical
setting for dilated fundus examinations as well as in surgical centers prior to intraocular surgery. One cost analysis
investigating multi-use of mydriatic agents versus single-bottle use for pre-operative or pre-intravitreal injection dilation
estimated a 97.1% reduction in number of bottles used with a predicted 5-year cost savings of $240,000 USD per
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institution.® Therefore, reducing medication waste and excess during routine exams and procedures offers an opportunity
for major cost savings and minimizing potential patient harm from medication toxicity or intolerance.

Additional prior studies have demonstrated comparable efficacy of various topical ophthalmic pharmaceutical agents
including beta blockers and mydriatic agents with smaller doses. These studies primarily investigated smaller volumes
(<20 pL) compared to larger volumes (>30 pL).”® The Nanodropper (Nanodropper, Inc) is a commercially available,
FDA listed (class 1 medical device, 510(k) exempt) eyedrop bottle adapter that is capable of consistent delivery of 10 uL.
drops.”!'® Given the limited reservoir for medication absorption, we hypothesized that the Nanodropper would supply
a sufficient medication dose for mydriasis that is non-inferior to the standard eyedrop bottle.

Methods

This study was approved by the Sutter Health IRB at the California Pacific Medical Center (CPMC), San Francisco,
California, and followed the tenets of the Declaration of Helsinki. Informed consent was obtained from all subjects and
HIPAA regulations were followed.

A prospective, comparative, matched-pairs study consisting of adults scheduled for routine bilateral eye dilation was
conducted at the Lions Eye Clinic of CPMC in January 2022. Exclusion criteria included contraindications to pharma-
cologic mydriasis such as high-risk angle closure suspects, allergies to phenylephrine or tropicamide, concurrent use of
any mydriatic or miotic agents (eg, atropine, cyclopentolate, brimonidine), anisocoria (>1 mm), traumatic pupil, surgical
pupil, and unilateral pseudoexfoliation. A power analysis was conducted to determine the required sample size based on
a non-inferiority margin of 0.5mm. With a significant level of alpha 0.025 and a desired power of 0.90, a minimum
sample size of 42 per study group was determined.

All patients were pharmacologically dilated in both eyes with a 50/50 mixture of 1% tropicamide and 2.5%
phenylephrine. For each patient, one eye was randomly selected and dilated with the Nanodropper, while the fellow
eye was dilated with the standard bottle. Pupillary diameters were objectively measured using a pupillometer
(NeurOptics VIP-300 pupillometer) before and 30 minutes after medication administration. A paired #-test was conducted
to compare post-dilation pupil sizes between fellow eyes within a given patient. Additionally, paired ¢-test for non-
inferiority was performed with a non-inferiority margin of 0.5 mm. Subgroup analyses were performed for patients with
a history of bilateral intraocular surgery and diabetes.

Statistical analyses were performed using SAS 9.4 software (SAS Institute Inc., Cary, NC, USA).

Results
A total 108 eyes of 54 patients were included in this study. Pre- and post-dilation pupil sizes (diameter) of the control eye were
compared to that of the fellow Nanodropper eye within the same subject. Baseline pre-dilation pupil size between the control and
Nanodropper eyes were similar (mean difference 0.05 + 0.28 mm, 95% CI [—0.03, 0.13], p = 0.20) (Table 1). Of the 54 patients,
12 (22%) patients had a history of bilateral intraocular surgery and 38 (70%) patients had a history of diabetes. Baseline pre-
dilation pupil sizes of the control eye and Nanodropper eye were comparable in both subgroups as listed in Table 1.
Post-dilation pupil sizes are shown in Table 2. The mean post-dilation pupil size of the control eye and the Nanodropper
eye was 7.31 £ 0.89 mm and 7.28 + 0.96 mm, respectively. There was no statistically significant difference in post-dilation
pupil size between the control and Nanodropper eyes (mean difference 0.03 + 0.44 mm, 95% CI [-0.09, 0.15], p=0.67), as

Table | Pre-Dilation Pupil Size as Measured in Millimeters

n Control Nano AControl-Nano 95% CI P Value
Mean £ SD (mm) | Mean * SD (mm) | Mean £ SD (mm)

Total 54 | 409 £ 0.74 4.04 +0.76 0.05 + 0.28 (-0.03,0.13) | 0.20
Intraocular surgery | 12 | 3.83 + 0.68 3.81 £0.79 0.02 +0.33 (—0.23, 0.28) | 0.85
Diabetes 38 | 397075 391 £0.73 0.05 +0.29 (-0.04, 0.15) | 0.25
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Table 2 Post-Dilation Pupil Size as Measured in Millimeters

n Control Nano AControl-Nano 95% CI P Value
Mean = SD (mm) | Mean £ SD (mm) | Mean * SD (mm)

Total 54 | 731 £0.89 7.28 + 0.96 0.03 £ 0.44 (-0.09, 0.15) | 0.67
Intraocular surgery | 12 | 6.57 £ 0.64 6.62 + 0.99 —0.06 +0.51 (—0.45, 0.34) | 0.75
Diabetes 38 | 7.26 £ 0.94 7.16 = 1.0l 0.10 +0.43 (—0.04, 0.24) | 0.17

seen in Figure 1. The mean difference in post-dilation pupil size was well within the non-inferiority margin of 0.5mm, with
the upper limit of the 95% confidence interval of 0.15mm.

Subgroup analyses of patients with a history of bilateral intraocular surgery and patients with diabetes were similarly
conducted. Post-dilation pupil sizes of patients with bilateral intraocular surgery were 6.57 + 0.64 mm in the control eye
and 6.62 = 0.99 mm in the Nanodropper eye. There was no statistically significant difference between eyes, with a mean
difference of 0.06 = 0.51 mm (95% CI [-0.45, 0.34], p = 0.75). Similarly, there was no statistically significant difference
for the subgroup with diabetes (mean difference 0.10 = 0.43 mm (95% CI [—0.04, 0.24], p = 0.17)).

Non-inferiority analysis with a 0.5 mm margin was conducted, which demonstrated that the Nanodropper eye was
non-inferior to the control eye for pupil dilation (mean difference 0.03 &+ 0.44 mm, 95% upper confidence limit 0.13 mm,
p = <0.01). The statistically significant non-inferiority was maintained for the subgroups with a history of bilateral
intraocular surgery and history of diabetes (Table 3).

8
7
6
3
2
1
0

Pre-dilation Post-dilation

Pupil Size
& W

Figure | Mean differences between pupil sizes of the control eye and Nanodropper eye, pre- and post-dilation. Blue: Control eye. Orange: Nanodropper eye.
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Table 3 Non-Inferiority Testing of Post-Dilation Pupil Size as Measured in Millimeters

n Control Nano AControl-Nano 95% Upper P Value
Mean £ SD (mm) | Mean £ SD (mm) | Mean £ SD (mm) | Confidence Limit
Total 54 | 731 £0.89 7.28 + 0.96 0.03 £ 0.44 0.13 <0.01
Intraocular surgery | 12 | 6.57 + 0.64 6.62 + 0.99 —0.06 + 0.51 0.26 <0.01
Diabetes 38 | 7.26 £ 0.94 7.16 £ 1.01 0.10 £ 0.43 0.21 <0.01

Discussion

This study demonstrates that small volume eye drops using the Nanodropper adapter (approximately 10 pL) are as
efficacious as standard volume drops (approximately 40 uL) for mydriasis using tropicamide and phenylephrine. Another
study similarly showed non-inferiority of the Nanodropper for dilation in the pediatric population.'® Using smaller
volume drops while maintaining pharmacologic efficacy can provide many clinical, practical, and economic advantages.
These benefits include reducing medication excess, waste, and material cost for both patients and clinicians. Additionally,
this would potentially minimize adverse effects from local irritation (eg, ocular surface irritation, benzalkonium chloride
contact dermatitis) and systemic absorption.

The strengths of this study include the prospective and matched-pairs study design which allowed for more controlled
data collection and minimized confounding variables by comparing fellow eyes within the same patient. Limitations of
this study include the relatively small sample size and study conduct at a single institution, which limits the power of
statistical analysis and generalizability of results. The subject population in this study is almost entirely of Latino or
Asian descent with dark brown irides. Darker irides can have reduced effectiveness to different dilating combinations
than lighter iridies."' However, the study sufficiently demonstrated statistically significant non-inferiority of the
Nanodropper adapter for mydraisis, which has widespread applicability for medical providers and patients.

Further research is needed to investigate the efficacy of small volume drops using the Nanodropper for other
pharmacologic agents. Many vision-threatening ophthalmic pathologies rely on frequent topical drop administration
including glaucoma, infectious keratitis, uveitis, and post-operative inflammation. A recent study showed non-inferiority
of topical beta-blocker delivered through the Nanodropper adapter compared to the standard eyedrop bottle.'* This would
reduce the risk of systematic absorption, which can have dose-dependent adverse effects such as heart block and
bronchospasm.'® Smaller volume drops of other medications such as costly compounded antibiotics for bacterial
keratitis, or intraocular pressure-lowering agents with topical toxicity (eg, prostaglandin analogues, rho kinase inhibitors)
or preservatives (eg, benzalkonium chloride) may offer additional patient benefits by reducing out-of-pocket costs and
improving tolerance.'*'® Medication costs are strongly associated with medication non-adherence and lowering costs
can potentially improve visual outcomes. "’

In conclusion, small volume (10 pL) drops using the Nanodropper bottle adapter was as effective as the standard
bottle drops for mydriasis. Small volume drops may reduce medication waste and side effects and improve affordability
and patient compliance.
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