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Background: There is a lack of data evaluating the relative usability of single-dose and multi-dose containers for delivery of eye drops.
This study aimed to evaluate the usability, convenience and patient preferences of eye drops in single- versus multi-dose containers.
Methods: A prospective, open-label, multicentre, cross-over study was conducted in Portugal between April and June 2017.
Participants aged 50 years or older and had indications for eye lubricant use were included. The participants were allocated to use
either multi-dose or single-dose containers followed by switching during the study period. The usability, convenience and patient
preferences of each eye drop containers were collected using a novel questionnaire developed by the authors of this study. Descriptive
statistical analyses were performed for all outcomes.

Results: A total of 114 participants completed the study. Overall, participants found the use of multi-dose containers easier than
single-dose containers based on ease of container opening and ease of eye drop application. Multi-dose containers were less likely to
have drops remaining in the container at disposal and had improved legibility of labels versus single-dose containers.

Conclusion: The findings suggest that multi-dose eye drop containers were associated with better handling and use compared with
single-dose containers.
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Introduction

Eye drops are the most commonly used application method for ocular drugs.! The use of eye drops is indicated in a range
of ophthalmological conditions, including allergy, dry eye, glaucoma, inflammation and infections.” The common chronic
anterior segment diseases are considered particularly amenable to topical application of eye drops by patients,” facil-
itating patient-delivered treatment for these conditions in the long term. With an ageing population, chronic ocular
disease burden is increasing.* Importantly, both old age and fragility are factors that have been linked to poor eye drop
use.™” Imprecision in the use of eye drops may reduce the dose delivered, thereby reducing treatment efficacy.® Hence,
optimising the use of eye drops is important in ensuring the effectiveness of treatment.

Medication use and adherence are linked to many factors in old people, including the ease of use and simple
administration methods.” The use of single dose or multi-dose containers for administration of eye drops may have an
impact on its usability and adherence among patients. There is limited data regarding the influence of patient perspectives
on using different delivery devices for the instillation of eye drops, especially in older patients. This includes perspectives
such as handling, convenience and preference of using single-dose or multi-dose devices. It has been reported that the
type of delivery device can influence patient satisfaction and adherence to treatment. This suggests the need to explore
the role of single-dose and multi-dose devices for a better and effective handling and delivery of eye drops.” Assessing
these factors may help in optimising patients’ experience of eye drop instillation, their ability to use the medications
appropriately and adhere to recommended usage, which in turn may contribute to the effectiveness of ocular medications.
The objective of this survey was to assess the usability, convenience and patient preference towards the use of single-
dose containers versus multi-dose containers for administering eye drops.
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Methods

Study Participants and Procedures
Study participants were selected from the cities of Lisbon, Braga, Viseu and Viana do Castelo in Portugal. Potential

participants were identified by the investigators (ophthalmologists) in clinics during day-to-day clinical practice.
Participants aged 50 years and older, with an indication for the use of eye lubricants but with no other eye conditions,
with no contraindications or allergy to components of the eye drops, and those with no physical conditions that may limit
the use of eye drops, were included.

All participants provided their written, informed consent to participate in the study and could withdraw their
participation at any time. The study protocol follows the principles of the Declaration of Helsinki and was approved
by the local ethics board, Comissdo de Etica da Joaquim Chaves Saude (JCS1216).

Study Design

This was a prospective, open-label, multicentre, cross-over study conducted in Portugal between April and June 2017. Study
participants were divided into two groups. Each group commenced with one treatment or intervention and then switched over
to the other treatment, reflecting the cross-over design. Group 1 participants (N = 59) began the study with multi-dose
containers and Group 2 participants (N = 55) with single-dose containers, for 15 days each. On Day 15, Group 1 participants
switched over to single-dose containers and Group 2 participants switched over to multi-dose containers, respectively
(Figure 1).

The participants were instructed to self-administer the eye drops and the frequency of application of the eye drops
was set at a minimum of 1 drop twice daily and no maximum limit was defined. The application regimen depended on
the clinical observations by the investigator. At baseline (Day 0; visit 1), an ophthalmological assessment was conducted
to confirm the suitability of study commencement. Throughout the study, ophthalmological health was monitored and
when adverse reactions occurred, the eye drops were discontinued, and appropriate management was initiated. When
participants were unable to use the device successfully, device use was suspended, and participants were excluded from
the remainder of the study. Non-compliance to the protocol did not render participants to be excluded from the study.

The multi-dose formulation consisted of sodium hyaluronate 0.15%, boric acid, Protector'™ (filmogenous polymer),
sodium chloride, potassium chloride, calcium chloride dihydrate, magnesium chloride hexahydrate, Oxyd 0.06%
(vanishing preservative), and purified water, in a bottle containing 10 mL of ophthalmic solution. The single-dose

Visit 1 Visit 2 Visit 3
|

Multi-dose Multi-dose

|

Single-dose Single-dose

DayO0 Day 15 Day 30

Figure | Schematic illustration of the study design.
Notes: Group | (N =59) began the study using multi-dose containers for 15 days, switching on Day 15 to single-dose containers. Group 2 (N = 55) began the study using single-
dose containers, switching on Day 15 to multi-dose containers. Questionnaire | was administered on Day 0 and Questionnaire 2 on Days |5 and 30, to both Groups | and 2.
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formulation consisted of the same ingredients in 0.35 mL single-dose ampoules. The type of bottle packaging for the
multi-dose eye drop containers (vials) was the Novelia system.

Instrument and Variables

Questionnaires were developed in Portuguese in collaboration with a psychologist. The first questionnaire was intended
to capture participant demographic data and prior use of any eye drops at baseline (Day 0; visit 1). The second
questionnaire was intended to evaluate key topics related to the usability and experience of eye drop administration
with single- and multi-dose containers. The second questionnaire was used for both the second visit (Day 15) and third
visit (Day 30). The questionnaire content was devised based on evaluation of the background scientific literature and
selection of key topics linked to eye drop use in practice, determined by five ophthalmologists in collaboration with
a psychologist and approved and validated by the study working group.

The following categories of questions were included in the questionnaire 2: ease of container opening, ease of eye
drop administration, force required to administer eye drops, ease of correct administration, frequency of containers
touching the eye, unused drops in the container at the point of disposal, ease of storage of the container once opened, and
ease of reading the container label. All questions were evaluated using the 7-point Likert scale. Questionnaire 1 was
administered on paper by ophthalmologists on Day 0 (visit 1) to capture baseline demographic data, and then
Questionnaire 2 on Days 15 (visit 2) and 30 (visit 3) of the study to capture experiences of use of single- and multi-
dose containers following crossover periods.

Statistical Analyses

Data derived from questionnaire 2 on Day 15 (visit 2) and Day 30 (visit 3) were pooled to assess the overall experience
of participants using the 2 different types of eye drop containers. Descriptive statistics were used to evaluate the
differences in the responses between single- and multi-dose container use among all participants.

The statistical evaluation was performed by the psychology department at the Egas Moniz School of Health &
Science, Portugal, in collaboration with an external, independent and certified authority. The Spearman correlation test
was used to measure the monotonic relationship between the treatment groups and the responses to the questionnaires
provided by the participants, which assessed if there is a consistent pattern of agreement or disagreement between them,
even if the relationship is not perfectly linear. The predetermined threshold for statistical significance (P value) was an
alpha value of less than 0.05. SPSS 28.0 software (IBM, New York, USA) was used for the statistical analysis.

The minimum sample size was calculated as 80 participants for completion of the study, which was based on the total
number of questions and types of questions in the survey. Statistical power was set at 80%.

For the purpose of data analysis, the Likert scores ranged from 1 to 7, with the following description: 1 to 3 (“strongly
disagree”, “disagree”, “slightly disagree™); score of 4 (“neutral”); and 5 to 7 (“slightly agree”, “agree”, “strongly agree”). These
scores were pooled to create three categories: “disagree” (score of 1-3), “neutral” (score of 4), and “agree” (score of 5-7).

Results

Participant Characteristics
A total of 114 participants completed the study. A summary of the baseline characteristics of the participants is presented
in Table 1. Most of the participants were females (61.4%, n = 70). About 73.7% of the participants were 50 to 70 years of
age. Many participants (68.4%) had their education below degree level. At baseline, 12.3% of participants had no
experience of using eye drops, 49.1% had the experience of using multi-dose eye drop containers, 1.8% had the
experience of using single-dose eye drop containers, and 33.3% of the participants had the experience of using both
multi-dose and single-dose eye drop containers. Many of the participants who had never used any eye drops were less
than 70 years of age.

At the end of each treatment period, the overall use of the containers by the participants was evaluated. The results are
detailed in Figure 2.
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Table | Baseline Participant Characteristics

Characteristics Number (%)
Gender
Female 70 (61.40)
Male 44 (38.60)
Age
50-60 years 42 (36.84)
61-70 years 42 (36.84)
71-80 years 10 (8.77)
81 years and older 6 (5.26)
No response 14 (12.28)
Education level
Up to 12 year 78 (68.42)
Degree level 36 (31.58)
Location
Braga 38 (33.33)
Lisbon 24 (21.05)
Viana do Castelo 36 (31.58)
Viseu 16 (14.04)

Previous use of eye drops

Never used 14 (12.28)
Bottle (multi-dose) 56 (49.12)
Single dose 2 (1.75)
Both 38 (33.33)
No response 4 (3.51)

Statement: | Can Read the Container Label Easily

The ease of reading the label on the container showed that participants on multi-dose containers (n = 84) found it easy to
read the label compared to those on single-dose containers (n = 20) (73.68% vs 17.54%; P < 0.005), respectively. The
proportion of participants experiencing difficulty in reading the label was higher with single-dose containers (n = 71)
compared to multi-dose containers (n = 21) (62.29% vs 18.42%). Some participants did not show any specific preference
either to the multi-dose (7.89%, n = 9) or single-dose containers (20.17%, n = 23) and provided a neutral response.

Statement: | Can Open the Container Easily

The ease of opening the container was found to be higher in participants using multi-dose containers (n = 98) than those
using the single-dose containers (n = 48) (85.96% vs 42.11%; P < 0.005). The proportion of participants experiencing
difficulty in opening the container was higher with single-dose containers (n = 30) than with multi-dose containers (n = 9)
(26.32% vs 7.89%). Some of the participants did not indicate any specific preference either to the multi-dose (6.15%,
n = 7) or single-dose containers (31.57%, n = 36) and provided a neutral response.

Statement: | Need to Squeeze the Container with Force for a Drop to Come Out

Lower proportion of participants using multi-dose containers (n = 37) reported the need to squeeze the container with
force for the drop to come out compared to those on single-dose containers (n = 66) (32.45% vs 57.89%; P < 0.005).
Lesser participants on single-dose containers (n = 21) reported disagreement to this statement compared to those on
multi-dose containers (n = 40) (18.43% vs 35.10%). Some of the participants provided a neutral response not showing
any specific preference either to the multi-dose (32.45%; n = 37) or single-dose containers (23.68%, n = 27).
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Figure 2 Participant responses to questionnaires | to 7.
Notes: X-axis: Patient response in %. Color code: Green: Agree; Grey: Neutral; Red: Disagree.
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Statement: | Can Instill the Drop in My Eye Easily

Participants using multi-dose containers (n = 78) reported ease in instilling the drop in their eye compared to those on
single-dose containers (n = 23) (68.42% vs 20.18%; P < 0.005). A higher proportion of participants on single-dose
containers experienced difficulty (n = 68) in instilling the drop in their eye compared to those on multi-dose containers (n
=20) (59.64% vs 17.54%). A small percentage of participants on multi-dose containers (14.04%, n = 16) and single-dose
containers (20.18%, n = 23) provided a neutral response to this statement.

Statement: | Can Instill the Drop in My Eye Correctly

Participants on multi-dose containers (n = 75) reported ease in instilling the drop in their eye correctly compared to those
on single-dose containers (n = 27) (65.79% vs 23.68%; P < 0.005). Higher proportion of participants on single-dose
containers (n = 53) experienced difficulty in instilling the drop in their eye correctly compared to those on multi-dose
containers (n = 21) (46.50% vs 18.42%). Certain participants on multi-dose containers (15.79%, n = 18) and single-dose
containers provided a neutral response to this statement (29.82%, n = 34).

Statement: The Tip of the Container Touches My Eye During Applications

A lesser proportion of participants on multi-dose containers (n = 6) reported that the tip of the container touches their eye
during application compared to those on single-dose containers (n = 18) (5.26% vs 15.79%; P > 0.005). Majority of the
participants on multi-dose containers (n = 98) did not complain about the tip of the container touching their eye during
application compared to those on single-dose containers (n = 66) (85.97% vs 57.89%). Certain participants on multi-dose
containers (8.77%, n = 10) and single-dose containers (26.32%, n = 30) provided a neutral response to this statement.

Statement: There Were Some Leftover Drops in the Container When | Disposed of It

Fewer participants on multi-dose containers (n = 22) reported the presence of leftover drops in the container at the time
of its disposal compared to those on single-dose containers (n = 62) (19.29% vs 54.39%; P < 0.005). More than 50%
participants on multi-dose containers (n = 73) disagreed on the presence of leftover drops in the container during disposal
compared to those on single-dose containers (n = 30) (64.04% vs 26.32%). Certain participants on multi-dose containers
(16.67%, n = 19) and single-dose containers (19.29%, n = 22) responded neutrally to this statement.

Discussion

The results of this study showed that a number of attributes of the multi-dose containers may be favourable compared
with single-use containers for use as devices for eye drops. Participants expressed that multi-dose containers were more
user-friendly. It is easy to read the label, open, squeeze, apply the drops correctly, with less effort, less wastage, and less
likely touching the eye. These findings suggest that multi-dose containers may be beneficial in facilitating better
instillation of eye drops compared with single-dose containers.

Optimising adherence to eye drops is crucial in chronic ophthalmological conditions.® Adherence to eye drops is
associated with a range of factors, including the ease of use of the eye drops, its delivery method, and successful application
to the eye. Patients using eye drops tend to value their ease of use, effectiveness, potential to be self-administered, and
comfort.® Therefore, containers or delivery devices that optimise these factors may be associated with greater patient
preference and therefore the potential for increased adherence. Few studies have evaluated the relative features and use of
single-dose and multi-dose eye drop delivery devices and may not have a focus on comparing the usability or handling of these
devices from the perspective of the user.” A small study of patients with visual or manual impairment comparing the
application of eye drops using single-dose or multi-dose containers found that the convenience of opening, ease of application
of eye drops and number of drops retrieved was high with multi-dose containers compared with a single-dose tube system.'”
More recently, it has been reported that patients with glaucoma show a high level of acceptance of multi-dose delivery systems
for eye drops, rating the system as good or better than single-dose containers, particularly in people with dexterity or visual
problems.” The findings of this study substantiate the findings of the published studies, indicating that participants favour
multi-dose containers for eye drops due to better handling.

When considering the practical handling and use of eye drop containers, a number of limitations associated with
advancing age might mean that multi-use containers are a more suitable option. For instance, loss of grip strength,
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reduction in manual coordination, and visual deficits could contribute towards greater difficulty in using small and single-
use containers effectively.'® In contrast, multi-dose containers may have a better usability, and can lead to high success
rates in instilling drops in older people. This may provide a basis for more consistent and effective delivery of eye drops,
improved adherence secondary to favourable usability and a reduction in adverse events due to poor application
technique or potential injury.®

The benefits and limitations of single- and multi-dose containers for eye drops have been discussed in the literature.
One factor driving the use of single-dose containers is the potential for reducing the risk of contamination and infection
with repeated use of the same delivery device.'' Data suggest that the risk of contamination of multi-dose containers may
be low'? and that the implementation of safety protocols and standard procedures can be effective in mitigating safety
risks for multi-dose containers.'®> Conversely, there is a risk of ocular infection if a patient reuses single-dose containers,

against label advice,'*'”

particularly as these containers do not contain preservatives that protect against bacterial and
fungal infections.

Other factors that may favour the use of multi-dose containers over single-dose containers include increased
uniformity of the size of the eye drop delivered. With single-dose containers possibility of variation in the drop size
may occur between the ampoules.'® Drop size uniformity increases the reliability of the delivery method and effective-
ness of dosing.!”'® Multi-dose containers may also have a reduced risk of scratching or injuring the cornea due to the
smoothness of the tip, and the design of single-dose ampoules may be associated with the risk of a plastic shard or sharp
edge.'®'? In this study, the risk of single-dose container touching the eye was probably greater compared to multi-dose
container, with a possible risk of ocular injury in some patients. Multi-dose devices also have less environmental impact
than single-dose devices, due to reduction in the amount of plastic waste generated with single-dose devices.?>*' Also,
multi-dose devices can be cost-effective than single-dose devices, because of potential lower manufacturing costs and
lesser medicine wastage.?

This study has limitations and includes the following. The generalisation of the findings is limited due to the sample
size and geographical setting. Ocular conditions may reduce visual acuity, leading to challenges in handling eye drop
containers,'® which may affect the use of single-dose or multi-dose containers theoretically; a possibility that could not
be explored in the present study. In this study, the sample administration was non-randomised, which may have
introduced bias.”® This study did not assess the eye drop spillage during the instillation. The study did not evaluate
irritation or adverse events noted during the use of eye drops, limiting the extent to which patient safety was assessed.'?

This study did not consider the medicine wastage due to spillage of the eye drops by the participants using both single
and multi-dose containers. Some of the participants did not reveal their age and this is one of the limitations of the study
that may impact the study outcomes. Multi-dose eye drop containers are usually proprietary in design and user
experience or usability can vary with each design, which may influence participant responses and outcomes. The multi-
dose eye drop containers used in this study had Novelia packaging system, and this is most frequently used in Portugal.
Therefore, studies comparing various types of multi-dose eye drop container packaging systems are required to under-
stand and have a broader insight about their applicability and usability in ophthalmological care.

Despite these limitations, the study provides an important contribution to knowledge of patient use and perspectives
on the handling of eye drop containers. To our knowledge, this is one of the studies directly comparing the patient
perspectives of single-dose and multi-dose containers for eye drop instillation. This study involved the cross-over design,
which provides the benefit of reducing the influence of confounding factors and allows for a level of precision similar to
that of a parallel group study, but with a smaller sample size.** This study also benefits from including a range of features
that characterise the user experience of eye drops, providing a comprehensive insight into factors that may influence the
use of eye drops in practice.

Conclusions

This study compared the usability of single-dose and multi-dose containers for instillation of eye drops in patients aged
50 years and older, which showed that participants had better experience with multi-dose devices due to its ease of use
and effectiveness in delivering the eye drops. These findings suggest that multi-dose devices may have better label
legibility, may reduce medicine wastage, and require less application force compared to single-dose containers.
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