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Introduction
Glaucoma is the leading cause of 

permanent blindness worldwide [1]. 
Although disease progression can be delayed 
with intraocular pressure (IOP)-lowering 
agents [2], patient adherence still remains a 
barrier to effective treatment [3-5]. Patient 
adherence is multifactorial, with tolerability 
and convenience factors both playing 
an important role [2,6]. To address the 
tolerability issues associated with the use 
of preservatives, preservative-free (PF) IOP 
agents have been developed; however, this 
approach raises some safety concerns, as non-
preserved eye drops in multi-use bottles could 
potentially increase the risk of contamination 
and infection [7]. Of note, the risk may be 
higher in elderly patients owing to poor sight 
and limited dexterity. Understanding optimal 
methods of administering IOP-lowering drops 
is challenging, as there are multiple factors 
that can impact upon the patient’s ability to 
successfully use a drug delivery device.

To assess this issue, we conducted an 
open-label, single-centre study, in which 
we compared the usability characteristics, 
convenience of use and user preferences of 

two different preservative-free multi-dose 
(PFMD) eye drop containers: the Novelia® 
bottle (Nemera) and the 3K®-System pump 
(Ursatec), both containing dorzolamide (20 
mg/ml) and timolol (5 mg/ml) eye drops 
solution (Figure 1). The study population 
consisted of patients with glaucoma or ocular 
hypertension. The Novelia® bottle features a 
multi-dose closing tip system that removes the 
need for preservatives and prevents bacterial 
contamination over the duration of treatment 
[8]. Specifically, the sterile solution flows 
through the one-way valve preventing any 
contamination ingress, while the PureFlow® 
technology allows air, but not bacteria, to enter 
back into the bottle. In addition, the Novelia® 
bottle has a blue tip that can be used as a 
focus point, allowing for improved precision 
when targeting the eye [9]. The 3K®-System 

pump is a ‘non-airless’ dosing pump that can 
be combined with glass and plastic containers 
to dispense PF formulations. The completely 
preassembled pump is snapped on the primary 
container after the aseptic filling process and 
fits hermetically with the container [10].

Methods
The study was conducted at the 
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Department of Ophthalmology, Kuopio University 
Hospital, Finland in accordance with the good clinical 
practices and ethical principles of the Declaration of 
Helsinki. Eligible participants were 50 years of age or 
older with glaucoma or ocular hypertension and with 
a minimum experience of 6 months in the use of eye 
drops (unassisted). Users with active inflammation or 
infection in the eye(s) or eyelid(s) were excluded from 
this study. All participants tested both bottles. Each 
eligible participant was given a unique number, assigned 
chronologically from S01 to S30. A Latin square then 
defined the order of testing: participants with uneven 
numbers started with the Novelia® PFMD bottle and 
participants with even numbers started with the 3K®-
System PFMD pump bottle.

The users were provided with safety glasses to prevent 
eye drops and bottle tip reaching their eyes. Prior to 
initiating administration, participants were asked to 
familiarise themselves with the dropping instructions 
of both container types and after opening each bottle 
discarded a few drops. Participants then instilled the 
eye drop(s) onto the protective glasses above each eye 
in turn at their convenience, and removed the residual 
drop from the tip of the bottle after the instillations. 
Usability of each eye drop container was evaluated using 

an 11-point grading system from -5 to +5, ranging from 
‘extremely difficult’ to ‘extremely easy’. The following 
parameters were evaluated: opening of the container, 
squeezing force needed for drop administration, 
targeting the eye, drop control, removal of the residual 
drop and general usability of the container. The number 
of drops instilled was evaluated using a 5-point grading 
system from 0 (zero drops) to 4 (a spurt). In addition, 
the users were also asked about their preferences 
between the two eye drop containers. The results were 
analysed using standard statistical tests for paired data: 
paired t-tests, Wilcoxon signed-rank tests and sign tests 
for the primary analyses, and Wilcoxon rank sum tests 
for the subgroup analyses.

Results
A total of 30 participants were included in the study. 

The mean age of the participants was 71 years (range 52–
83 years), with two-thirds (19/30, 63%) being 70 years 
of age or older. The majority of the participants were 
female (23/30, 77%) and had prior experience of using 
both an eye drop bottle and pipette (16/30, 53%). Nine 
participants (9/30, 30%) had prior experience of using 
an eye drop bottle only and five participants (5/30, 17%) 
had prior experience of using unit-dose pipettes only. 
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Figure 1: The difference between scores given by each participant for Novelia® and 3K®-System bottles (Novelia® - 3K®). Mean and 
median ratings of the differences are also stated for (a) opening the bottle, (b) squeezing force for installation, (c) targeting the eye 
drop, (d) removing the residual drop and (e) general usability. Evaluation scale was from ‑5 to +5 for each assessed parameter. Blue 
circles represent the difference between the scores each participant. For (a) N=30 for (b)–(e) N=25 as five participants were unable to 
open the 3K®-System bottle and therefore were unable to score other attributes for this bottle.
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The Novelia® bottle outperformed the 3K®-System 
pump in that it was significantly easier to open, squeeze, 
target, remove the residual drop and general usability 
(P<0.001 for all comparisons) (Figures 1a–1d). Five 
participants were not able to open the 3K®-System 
bottle and rated the 3K®-System as being extremely 
difficult to open (-5.0). Therefore, these participants 
could not instil the eye drops and evaluate the remaining 
usability characteristics. Additionally, the Novelia® 
bottle had superior eye drop control compared with the 
3K®-System (P<0.001) (Table 1).

All the participants (30/30) in the study managed 
to instil one drop onto the protective glasses over 
both eyes using the Novelia® PFMD bottle, compared 
with only 72% of participants (18/25) using the 3K®-
System PFMD pump (P=0.016). Of the remaining 
seven participants using the 3K®-System PFMD pump, 
12% (3/25) instilled one drop above either eye or 16% 
(4/25) above neither. 

Overall, the Novelia® PFMD bottle was rated as the 
eye drop container of choice by 96.7% of participants 
(29/30), compared with only one participant in favour 
of the 3K®-System PFMD pump (Figure 1e). 

Discussion
Both the Novelia® bottle and the 3K®-System pump 

are PFMD eye drop containers; however, differences 
in the design of these eyedroppers may account 
for differences in the convenience of use and user 
preferences reported in this study. The Novelia® bottle 
has a blue tip that patients can use as a focus point, 
thus allowing for a better precision when targeting the 
eye. This feature may explain why 88% of participants 
in our study reported that targeting the eye drop was 
easier using the Novelia® PFMD bottle, with 12% of 
participants giving an equal rating to both eye drop 
containers and none giving the 3K®-System pump a 

better rating. 

In our study, 88% of participants reported that it 
was easier to squeeze the Novelia® bottle compared 
with 3K®-System pump, one participant gave an 
equal rating to both eye drop containers and a further 
two participants gave the 3K®-System pump a better 
rating. A recent survey investigating patient preferences 
regarding ease of use of glaucoma bottles revealed 
that the most frequent patient suggestions related to 
the usability characteristics of the eye drop bottles, 
particularly improving ease and reliability of squeezing 
and dispensing a single drop [8]. Moore et al. investigated 
the force requirements to dispense a single drop from 
21 commonly prescribed brand and generic glaucoma 
medications and correlated these findings with pinch 
strength in 53 consecutive patients with glaucoma. A 
statistically significant variability in the force required 
to squeeze a drop from common glaucoma medications 
was found, while the enrolled patients reported that 
the force requirements of several bottle designs were 
particularly challenging, thus urging the need for 
standardisation of topical glaucoma drug delivery and 
design [2]. Drew and Wolffsohn determined the force 
needed to extract a drop from 13 multi-dose or uni-
dose latanoprost eye droppers and how this could be 
related to the comfortable and maximum pressure the 
participants could exert. One of the main findings 
was that the force required to expel a drop differed 
significantly between dropper designs ranging from 
6.4 Newtons to 23.4 Newtons. In addition, the force 
needed to exert successive drops and storing droppers 
in the fridge further increased the force required. The 
authors concluded that prostaglandin monotherapy 
eye droppers for glaucoma treatment vary in the force 
required to extract a drop, which may affect treatment 
compliance and efficacy [11]. Taking patients’ age, 

Table 1: Number of eye drops instilled on the protective glasses

Bottle Novelia® bottle (N=30) 3K®-Pump system (N=25*)

Eye Left eye Right eye Left eye Right eye

Drops N % N % N % N %

0 0 0.0% 0 0.0% 2 8.0% 3 12.0%

1 30† 100.0% 30† 100.0% 19† 76.0% 20† 80.0%

2 0 0.0% 0 0.0% 3 12.0% 1 4.0%

≥3 0 0.0% 0 0.0% 1 4.0% 1 4.0%

A spurt 0 0.0% 0 0.0% 0 0.0% 0 0.0%

*Five participants were unable to open the bottle. 
†Frequencies representing median scores.
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adherence and treatment effectiveness.

Conclusion
This study showed that the Novelia® eye drop 

bottle had superior eye drop control compared with 
the 3K®-System pump. Novelia® out-rated the 3K®-
System in being significantly easier to open, squeeze, 
target, usability and removal of residual drops from 
the tip. Overall, the Novelia® bottle was rated as 
the eye drop container of choice by 29 participants 
out of the 30, with only one participant favouring 
the 3K®-System pump. Given the ageing glaucoma 
population, the need for care and effective IOP-
lowering eye drop delivery devices continues to be 
of importance. Physicians should consider patients’ 
age, preference, prior experience and comorbidities 
when prescribing IOP-lowering medication to 
increase usability. This could potentially increase 
patient adherence, prevent disease progression and 
ultimately improve outcomes.
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preference and prior experience into consideration when 
prescribing IOP-lowering medication can minimise the 
occurrence of use errors and inaccurate dosing  that can 
potentially compromise optimal treatment outcomes 
[12]. In our study, over 10% of participants using the 
3K®-System pump were unsuccessful in instilling eye 
drops onto protective glasses above either eye. Had 
these patients been in a real-world setting, this barrier of 
use would have precluded any subsequent therapeutic 
benefit. This is of particular importance in the elderly 
patient population, where difficulties in properly 
instilling the eye drops-often a result of unsteady 
hands and inability to grip and squeeze the eye drop 
container-can negatively impact on adherence. It is 
important to note that even experienced patients with 
glaucoma often instil more than one drop. Hennessy 
and colleagues evaluated the ability of visually disabled 
experienced patients with glaucoma to successfully 
administer a single drop onto their eye. One of the 
main findings was that only 71% of patients were able 
to get any number of drops onto the ocular surface, 
even with multiple attempts. In addition, only 52% of 
patients were successful at instilling a single drop onto 
the ocular surface. Interestingly, this number further 
dropped to 39% when the definition of ‘success’ was 
modified to patients instilling just one drop onto the 
eye without touching the ocular surface [13].

A study limitation is the differing experience of study 
participants in using the containers prior to study entry, 
with just over one-half of patients having prior experience 
with using both types of containers. Our study was 
not designed to compare effectiveness of the Novelia® 
bottle and the 3K®-System pump; all the participants 
were wearing safety glasses to prevent eye drops and 
bottle tips reaching patients’ eyes and therefore, real-life 
usage is not reflected. Although this study showed the 
superiority of Novelia® compared with the 3K®-System 
PFMD container in the opening and squeezing of the 
bottle, targeting the eye, removal of the residual drop and 
general usability, care must be taken when translating the 
subjective assessment of these parameters to the overall 
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Executive summary

When prescribing IOP-lowering medication for glaucoma, physicians’ considerations of a patient’s age, 
preferences and prior experience using different types of eye drop containers could potentially improve adherence, 
prevent glaucomatous progression and ultimately improve outcomes.
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