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ARTICLE INFO ABSTRACT

Topical ophthalmic solutions are widely used as a way to deliver lubrication or
medication for the treatment of extensive variety of eye diseases or discomforts.
In order to maintain the sterility and stability of these products, as well as prevent
microbial growth during the in-use period, ocular solutions have historically been
packaged with a preservative. However, as some preservatives have been shown to have
potentially adverse outcomes in patients, in recent years there has been a large market
interest in preservative-free products, particularly for patients who must use daily eye
drops long term. Products which do not possess preservatives to keep products sterile
must then rely on sophisticated packaging to maintain product integrity. Here, we
review the multi-dose preservative-free packaging currently available to consumers
and discuss the differences in their design.
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Introduction

may lead to tolerability issues. These issues, which are the result

Topical ocular solutions are widely used and commonly . . .
of continuous exposure, can include in ocular surface changes,

recommended for a variety of ocular diseases. Some preparations . N . . . )
ocular discomfort, tear film instability, conjunctival inflammation,

are used chronically by patients, for months or, very often, for . . ) . . . .

subconjunctival fibrosis, epithelial apoptosis, corneal surface
years. In 1953 Alcon Research, Ltd released its trademarked
DROPTAINER® eye drop dispensing bottle, which quickly became

the standard packaging design for eye care products [1]. Following

impairment, subclinical inflammation, and potential risk of failure
in surgical interventions [2]. Current studies indicate that long-term

adverse effects of preserved products are predominately linked to

his, th jority of ki in simil Iti-
this, the majority of products now come packaged in similar multi the use of benzalkonium chloride, and clinical data suggests that

use bottles, with enough volume meant to last for a month or more. . .
the use of preservative-free products or products with less harmful

In order to protect the product after being opened by the patient, . o . . .
p P §op y p preservatives are indicated for patients with chronic ocular

solutions were traditionally packaged with a preservative to act as .
o i ' ) ) ) ) conditions [2,3].
an antimicrobial agent which either Kkills or suppresses microbial

growth, or both. Historically, the most commonly used preservative Some innovations have been tested to combat BAK in eye drops,

in multi-dose eye drops has been benzalkonium chloride (BAK). such as the development of modified tip of an eye drop dispenser

This preservative is a powerful quaternary ammonium compound ~ Which removes BAK out of solution as it is being dispensed [4].

which is highly effective against most potential ocular pathogens. It
is typically used in concentrations varying from 0.004% to 0.02%
in solution. However, there are indications, particularly in patients
who must use eye drops for chronic conditions, that preservatives

However, due to a low number of preservative-free clinical trials,
there is not yet evidence to suggest that preservative-free eye drops
necessarily have higher safety profile compared to preserved forms
in clinical practice, and reservations regarding preserved eye drops
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remain unique to chronic use [5]. Furthermore, there are more
eye drop preservatives now on the market than only BAK. Notably,
polyquaternium-1 (PQ-1) has been found via multiple tests to be
extremely safe while also highly effective as a sterility maintenance
agent, [6] with no differences reported between preservative-
free or PQ-1-preserved eye drops after LASIK surgery [6]. Other
eye drop preservatives on the market include polyhexamethylene
biguanide, sodium perborate, stabilized oxychloro complex, and
Sofzia®, which are largely not associated with any negative side
effects [6]. In terms of medication or product effectiveness, there
is no evidence to suggest that preservative-free artificial tears are
more effective than preserved artificial tears [7]. However, many
patients and clinicians are interested in using preservative-free
products because of the perceived safety benefits. A preservative-
free product must inherently rely on the packaging of the product
to maintain sterility of the solution between uses and developing
an easy-to-use and affordable packaging system which maintains
complete product sterility has been a unique challenge for the
ocular health field.

Finally, there are major bottle-use aspects which must be taken
into consideration with any eye drop container. These include angle
of drop instillation as well as the force required to dispense one
drop. Studies have found that the vast majority of glaucoma patients,
despite being long-term eye drop users, struggle to properly place
the drop on the eye. This is due to the drop landing outside of the
globe of the eye following difficulty with the angle of the bottle and
the angle of the head required for dispensing, dispensing too many
drops at once, holding the dropper at an angle which alters the drop
volume, or touching the tip of the bottle to the eye or surrounding
tissue [8-10]. Although, while it's important that containers be user
friendly, it has been found that educational resources instructing
patients to apply their eye drops correctly mitigates many issues
with unintentional noncompliance [11]. Patients also find difficulty
with either understanding or complying with single-use package
directions and are likely to re-use single-use medications if they are
able to [12]. A recent investigation of 21 different eye drop bottles
found that long-term eye drop users struggle with the squeeze
force required to exert one drop at a time, and that bottles on the
market vary widely in terms of force required [13]. Squeeze also can
change during the in-use period as the product volume decreases.
Therefore, in the mission to provide patients with effective ocular
topical medication, it is important to note that packages must
not only be able to keep contents safe from microbial contact but
must also be user-friendly enough to allow the patient to medicate
themselves at regular intervals without difficulty.

Testing Required for Preserved Products

Preserved products undergo rigorous antimicrobial testing
to ensure that products which come in contact with microbial

contamination are able to neutralize the pathogenic threats.
The Committee for Proprietary Medicinal Products (CPMP) has
published Notes for Guidance on In-Use Stability Testing of Human
Medicinal Products (CPMP/QWP/2934/99) [14] which approaches
the protocols for defining selection of batches, test design, test
storage conditions, test parameters, and test procedures for
solutions in multidose containers. This Guidance is applicable
to both preserved and preservative-free products in multidose
containers, but still does not identify set requirements for sterility,
stability, particulate matter, pH, or endotoxins. Also, while the
Food and Drug Administration has outlined recommendations
for labeling preservative-free multi-dose injectable medications,
[15] no specific guidance exists for MDPF ocular administrations.
Preserved products must also be tested in accordance with
the United States Pharmacopeia (USP) preservative efficacy
test, [16] the USP antimicrobial effectiveness test, [17,18] and
the International Standards Organization protocol 14730 for
preservative effectiveness test standards [19,20].

This ISO protocol oversees challenges involving the most
common microorganisms found in eye drop contamination:
Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia coli,
Candidate albicans, and Aspergillus niger. Following these rigorous
standards, studies have indicated that preserved multi-use eye
drops which make it to the market are consistently well packaged,
possess optimal clarity, lack particulate matter, are sterile, and
mostly have high preservative efficacy [21]. However, these same
studies have indicated that preserved eye drops on the market may
possess endotoxin levels above 0.25 EU/mL [21]. Also, despite these
various testing standards and protocols which indicate a largely safe
and stable market availability of preserved eye drops, there have
been some recalls of topical eye products due to reports of mold
[22] and lack of sterility [23]. Indeed, studies of both opened and
unopened preserved products have found evidence of microbial
contamination, indicating that the included preservatives may not
always be sufficient [24,25]. These findings point to the necessity
of eye drop containers which can help maintain the sterility of the
product until use, regardless of preservation status.

Antimicrobial Maintenance of Preservative-Free Prod-
ucts Depends on the Packaging

While thereislacking evidence for alarge difference between the
medical effectiveness of preserved versus non-preserved products
themselves, the type of dispenser has been repeatedly shown to be
critical in terms of patient use, compliance, medication delivery,
and sterility. Importantly, it has been shown that MDPF eye drops
are at risk of contamination via microbial ingress by pathogenic
organisms [26,27]. This is particularly true for patients who cannot
or will not attempt to use aseptic technique when applying their
eye drops [27]. Contamination rates are also affected by the angle
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of the dropper and nozzle geometry: adjusting instillation angles to
90° and using a sharp nozzle geometry vs. a round nozzle geometry
has been shown to reduce contamination of the drop [28]. Thus,
it is clear that package design affects both patient compliance and
stability of the product at the same time. The following preservative-
free packages (Figure 1) described in this review all universally
attempt to deliver a sterile, easily accessible, single-drop dose
reliably, in a way that is simple for the user to dispense and easy to
keep clean. The multi-dose containers aim to do this even after the
package has been opened and are intended for multiple uses over

a period of weeks to months. However, it is important to note that
all of these packages still require the patient to raise the arm, tilt
the head back, and use gravity as the means of drop delivery, which
some find difficult [29]. Additionally, the reader will note that there
are two predominate technological designs to the available MDPF
packages: a highly complex valve release system which does not
allow for contaminated liquid or air to come in contact with the

product, or a fine filtration system which prevents contaminants

from air or water interacting with the product.

Figure 1: Samples of preservative-free containers on the market. From left to right: single-dose container, Novelia® Multidose
bottle, Aptar Pharma’s Ophthalmic Squeeze Dispenser, ABAK® bottle, COMOD® system, and the 3K® system with Side

Actuation Device.

For the purpose of discussion this review, the parts of a bottle
will be assigned universal terms. Some manufacturers refer to
parts of a bottle differently, despite it being the same piece. Here
we will be discussing the tip (the part of the bottle which is last
touched by the drop as it exits the bottle), the nozzle (the apparatus
which product flows through directly, and which measures and
establishes drop volume), the top (the entire section which houses
the filtration device and/or nozzle), the cap (which is removeable
and can be placed over the entire top), and the fluid reservoir
(which houses the product when it is not in use). Please refer to
(Figure 2) for these depictions. There are also important aspects
of each preservative-free package design which will be discussed,
such as variable versus discreet actuation of each drop (variable
actuation results in the ability of the patient to produce more
than one drop per squeeze, while discreet actuation indicates that
only one drop of defined size is possible per squeeze), how air is
compensated in each bottle, and the basic design of the nozzle
design which contributes to the microbial stability of the packaging.

Cap

} Nozzle

Top

Fluid
Reservoir

Figure 2: Description of the pieces of an MDPF container,
which include the cap, tip, nozzle, top, and fluid reservoir.
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Single-Use Containers

Table 1: Products packaged in single-dose containers.

Product Manufacturer
Systane Ultra Alcon
Systane Hydration UD Alcon
Soothe XP Emollient Bausch + Lomb
Soothe Lubricant Eye Drops Bausch + Lomb
Alaway Bausch + Lomb
Dry eye therapy TheraTears
Liquid Gel TheraTears
Refresh Classic Refresh
Refresh Plus Refresh
Refresh PM Refresh
Refresh Optive Refresh
Refresh Optive Mega-3 Refresh
Refresh Relieva PF Refresh
Refresh Optive Advanced Refresh
Refresh Optive Mega-3 Refresh
Refresh Relieva PF Refresh
Refresh Celluvisc Refresh
retaine MGD OCuSOFT
Optiquel Boiron
lubricant eye drops plus RiteAid
Allergy Eye Relief Similasan
Lubricant Eye Drops Family Care
Single-dose Eye Drops Ocusan
Lubricant Eye Drops GenTeal

Single-use eye drop dispensers are the gold standard in
pathogen-free preservative-free dispensing, as they can be
aseptically assembled through blow-fill-seal and are kept
completely closed until the patient is ready to use them (Figure
3). These packages have been on the market for many years, in
both plastic and glass options. Also, while they are grouped in this
review with preservative-free packaging, it is important to note
that they are not multi-dose containers. They are not meant to be
re-used after the first use and are therefore reliably sterile when
opened. Studies show that patients are usually able to use these
single-use containers as well as or better than multi-use dispensers
[30]. However, both product manufacturers and patients report
concerns regarding single-unit doses. These include cost (as more
packaging and eye drop solution per dose is required), [7,31,32]
waste, [33] and convenience, [33] as it is easier to store a single
multi-use bottle in a preferred location than to ensure the patient
has the correct number of unit-dose pipettes with them every
day. Additionally, these unit-doses are often packaged with more
volume than is needed for one dose, so patients may attempt to save

the remaining liquid for a future use even though the packaging is
not intended to keep the contents sterile after opening, thereby
providing the opportunity for self-contamination [3]. Finally, the
majority of the MDPF bottles are designed to deliver an exact
volume of a drop every time. In general, these single-use containers
are not able to deliver an exact drop volume [34]. The following
companies provide products in unit-dose formulations (Table 1).

5&'

Figure 3: Single-dose containers, which are meant to be
single use and discarded after they are opened [34]. Image
taken from Alcon.com [34].

Aptar Pharma’s Ophthalmic Squeeze Dispenser

The Aptar Pharma’s Ophthalmic Squeeze Dispenser was the
first MDPF ocular formulation delivery system to deliver an FDA-
reviewed formulation, with Allergan’s Restasis Multidose [35,36].
This bottle delivers a drop of a defined size (based on bottle size
and product viscosity) following a variable actuation and comes in
7ml and 10ml sizes. The Aptar bottle uses a dual channel system
to release a drop from the tip (Figure 4). Upon squeezing the
bottle a sealing membrane opens, allowing the liquid in the dual
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channels to pass to the tip and form the drop. This bottle relies
on air intake occurring through a small hole in the side of the top.
Incoming air passes through a 0.2um sterilizing membrane filter
to allow decontaminated air to equalize the pressure in the bottle.
Any liquid remaining on the bottle tip is meant to be shaken off
or will evaporate with or without the cap being closed. The snap-
fit closure of the top of the bottle to the reservoir is designed to
provide a tight connection and prevent deliberate disassembly.
Aptar Pharma developed their own testing method, the Tip Seal
Integrity Test, based on the protocols designed for preserved
antimicrobial efficacy testing such as USP <51> and Ph. Eu. 5.1.3

Closed

[35]. This testing regimen is highly similar to the tests performed
for the Novelia® packaging: [37] the tip of the Aptar bottle is
directly challenged with liquid contaminants containing 106 CFU/
mL of Pseudomonas aeruginosa, Staphylococcus aureus, or Candida
albicans over four days. The contents of the packaging are then
observed for sterility up to 96 hours after the last contamination
challenge [35]. The Aptar Ophthalmic Squeeze Dispenser claims to
be the ‘leading device for preservative-free prescription and over-
the-counter products’ Several companies use this packaging for
their MDPF formulations, a list of which can be found in (Table 2).

Tip Seal
Open

Figure 4: Aptar Pharma’s Ophthalmic Squeeze Dispenser. Image taken from aptar.com [35].

Table 2: Products packaged in the Aptar Pharma’s Ophthalmic
Squeeze Dispenser.

Product Manufacturer
Refresh Relieva Allergan
Restasis Allergan
Biotrue Bausch & Lomb
hydraSense Adv. Bayer
Opto Yal Optox
Opto Sol Optox
Opto Red Optox
Opto Gel Optox
Disop Zero E lentillas
VISMED Multi TRB Chemedica
VISMED Gel TRB Chemedica

Novelia® Multidose Bottle with Pureflow Technology

The Novelia® bottle, [38] a registered trademark of Nemera La
Verpilliére, comes in several different sizes (5mL, 7.5mL, 11 mL,

and 15mL) to allow for varied in-use periods, and different nozzles
which can be best selected for solution viscosity and desired drop
size (which can range from 28ul to 46pl). This package design
utilizes a highly technical mechanical pathway for the drop to flow
through (Figure 5) and is also a variable actuation package. This
pathway prevents microbial ingress via both the blocked fluid
return and the filtered air intake port on the side of the bottle.
Upon the exit of the drop from the bottle, the exit valve closes
immediately to prevent contaminated liquid or air returning via the
drop delivery mechanism. A small amount of liquid (about 20% of
a normal drop) may remain on the tip of bottle. Nemera highlights
the placement of silver ions which are embedded in the cap prevent
microbial growth. Any remaining liquid is also further prevented
from contamination via the cap closing. Once the cap is closed the
remaining liquid also dries, further minimizing the likelihood of
bacterial growth. This bottle has an actuation force which is highly
similar to preserved droptainers on the market [13,39]. However,
it should be noted that containers which have an air intake, such

as this one, do increase their actuation force over use as their
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volume is replaced with air [40]. The Novelia® system underwent
a dispensing study wherein a drop from the bottle was added once
a day for 60 days to 5% sheep blood-agar medium to identify any
potential pathogens growing in the contained solution [41]. Every
day twice a day the caps of the eye drop bottle were opened, left
off for 20 seconds, and then closed again, to simulate potential air

contamination of the tip. This study demonstrated that the contents
of the Novelia® bottle showed no signs of bacterial contamination
during the 60 day study period [41]. The Novelia® Multidose bottle
is used by several manufacturers to contain their preservative-free

eye drop formulations. This information is listed in (Table 3).

Figure 5: Novelia® Multidose bottle [40]. Image courtesy of Nemera 2022.

Table 3: Products packaged in the Novelia® Multidose bottle.

Product Manufacturer
Systane Ultra Alcon
Systane Hydration Alcon
Systane Complete Alcon
Optase Intense Scope

Oasys Tears Oasys Medical

Oasys Tears Plus Oasys Medical

Clinitas Multi Optox/Altacore

Clinitas Soothe Multi
Evolve HA

Optox/Altacore

Medicon Heathcare

Medicon Healthcare
I-Med Pharma
I-Med Pharma

Evolve Intensive Gel

I-Drop Pur
I-Drop Pur Gel

ABAK® Bottle

The ABAK® system is one of the most mechanistically simple
MDPF packaging systems [42] The ABAK® system uses a neutral

microporous pad to regulate the flow of air and fluid in and out
of the bottle. It also uses a 0.2um hydrophilic polymer membrane
which is also rendered hydrophobic by a patented surface
treatment (Figure 6). This microporous pad and membrane allow
for variable actuation. Compared to the other MDPF packages,
there is a relatively large amount of liquid held in the top, in
the space between the hydrophilic polymer membrane and the
microporous pad, compared to other top and nozzle designs. The
hydrophilic polymer membrane allows fluid to flow out of the
bottle, but not back in, and removes contaminants from any air
which returns to the bottle. This bottle holds 10mL of sterile MDPF
solution and is intended for up to three months of use. Similar to
other MDPF bottles, the manufacturer touts that this dropper is
designed to deliver a consistent dose of 30pL of liquid each time
the dropper is used, and that this bottle is designed to produce
300 drops (dependent on product viscosity). This bottle is noted
as being affected by high altitudes, and may produce an irregular
efflux of drops, leak, or prevent uniform dosing if used in flight [43].
Additionally, one study found that when the outside of the nozzle is
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contaminated with Pseudomonas aeruginosa, the resulting drop is
often also contaminated [28] This nozzle contamination resulting
in drop contamination was true also for preserved products, except

for the Systane bottle [28] Thea Pharmaceuticals is the primary
user of the ABAK® multidose bottle. The eye drop formulations
which use this bottle are in (Table 4).

Figure 6: ABAK® bottle [42]. Image taken from laboratories-thea.com [42].

Table 4: Products packaged in the ABAK® bottle.

Product Manufacturer

Thealoz Thea Pharmaceuticals

Thealoz Duo Thea Pharmaceuticals

Thealoz Duo Gel Thea Pharmaceuticals
HyABAK® Thea Pharmaceuticals
COMOD® System

The COMOD® system, a registered trademark of Ursa Pharm,
[44] has been shown to be suitable for preservative-free products
[45]. The COMOD® name stands for “Continuous Monodose”, as
this is another bottle which has been designed to produce exactly
one drop of a specified volume per squeeze. Unlike the previous
packages discussed, this bottle is designed to produce a discreet
drop for every actuation applied, meaning only one drop can
come out at a time. This bottle (Figure 7), similar to the Novelia®
and Aptar packages, relies on a multi-part mechanical nozzle to
deliver the sterile drop. This begins with a ball valve in the base
portion of the dropper, followed by a spring and a fluid pathway.
The nozzle of the bottle is sealed by a spring and piston. Once the
piston is depressed, fluid can flow through a side capillary, and out
of the bottle. This piston also prevents backflow of fluid to prevent
contamination of the sterile bottle fluid contents. This system also
uniquely relies on a flexible inner package containing the liquid, and
air space between the flexible inner packer and the hard outer shell.
This air space is where air will be returned after fluid is dispensed,
and this air does not come in contact with the fluid. Also, the next

dose of the eye drop formulation rests in the nozzle. The negative

pressure of the ball valve draws this next dose into the nozzle after
a current dose has been released [46]. The manufacturer describes
that this bottle is also designed to release 300 drops (dependent
on product viscosity) in a 10ml bottle, and has been shown to
keep contents sterile for up to 6 months [44]. Similar to the ABAK®
system, a study in Brazil found that when the outside of the nozzle
of this bottle is contaminated with Pseudomonas aeruginosa, the
resulting drop is also contaminated.28 However, a study using
surgical patients examined used COMOD® bottles and found that no
bottles exhibited “serious contamination”, indicating that the bottle
prevented microbial ingress into unpreserved eye drops [45]. The
products which use the COMOD® system are listed in (Table 5).

Table 5: Products packaged in the COMOD® system.

Product Manufacturer / Distributors
Hylo Fresh Ursapharm
Hylo Care Ursapharm
Hylo COMOD® Ursapharm
Hylo Tears Ursapharm
Hylo DUAL Intense Hylo Eye Care
Hylo Forte Ursapharm
Hylo Gel Hylo Eye Care
HycoSan Dual Scope
Hycosan Scope
Hycosan Extra Scope
Hycosan Fresh Scope
Hycosan Plus Scope
Retaine HPMC OCuSOFT
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Protective cap
Silver spiral

Diffuser

Liner

Spring
Piston (diffuser valve)
Head - base section

Valve

Taper

Seal
Snap-on

Pump casing
Spring

Opening
Silver bearing

Outer cap

Inner sachet

Outer container

Bottom cap

Figure 7: COMOD® system [46]. Image taken from ursa-
pharm.de [46].

3K® Ophthalmic Multidose System

The 3K® system, [47] aregistered trademark of Aero Pump, [48]
is highly similar to the COMOD® System: it relies on a long, dual-
spring loaded dosing chamber (Figure 8). Liquid flows through a
leak-proof valve, which prevents the backflow of liquid. When the
chamber is released, the next dose of product is drawn into the
chamber. This creates a discreet actuation device. This pump also
features a silver coil at the pump opening to further provide anti-
microbiological properties. Similar to the other MDPF containers,
this product features a specified dose volume when the next dose is
drawn into the chamber. Unlike the COMOD® system, the dispensed
product is compensated with an inflow of air which passes through
a special filter matrix via an air intake in the side of the bottle. These

dispensers come in three varieties of squeeze mechanisms: the
finger sleeve, the comfort grip finger sleeve, and the side actuation
device (Figure 8). They also come in 5ml and 10ml package sizes.
The products which use the 3K® system are listed in (Tables 6 & 7)
[49].

Different bottle sizes
and material

Pre-compressing
Next dosage chamber

Microbiological safety
Accurate dosage

Ea—

Figure 8: The 3K® system [49]. Image taken from aeropump.
com [49].

Table 6: Products packaged in the 3K® system.

Product
Artelac Splash MDO

Manufacturer / Distributors

Bausch + Lomb

Artelac Rebalance Bausch + Lomb

Table 7: Summary of major aspects of each MDPF container. Variable actuation results in the ability of the patient to produce more
than one drop per squeeze. Discreet actuation indicates that only one drop of defined size is possible per squeeze.

Container Actuation Air Return Nozzle design
Aptar Pharma’s Ophthalmic Squeeze Dispenser Variable Side of cap Non-return valve
Novelia® Multidose bottle Variable Side of cap Non-return valve
ABAK® bottle Variable Through tip Filtration membrane
COMOD® system Discreet Side of fluid reservoir, but doesn’t interact with product Non-return piston
3K® system Discreet Side of fluid reservoir Non-return piston
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Conclusion

Overall, there are several highly sophisticated and affordable
MDPF packages available on the market, which are used by a wide
variety of topical ocular formulation producers [Table 7]. These
MDPF containers still require a patient to tilt the head back while
dispensing, which patients find difficult, although these designs do
make concerted attempts to reliably dispense one consistent drop
at a time without requiring an abundance of squeeze force. While
each manufacturer is responsible for the sterility and stability of
these products, there is lacking evidence that any of these packages
are susceptible to microbial ingress or contamination when used
within the suggested time period. However, the largest amount of
published information regarding the safety and sterility of these
packages are in reference to the Novelia® Multidose Bottle, followed
by the Aptar Ophthalmic Squeeze Dispenser. It is clear that the
Novelia® packaging is able to withstand both the likely microbial
challenges in real-world scenarios, as well as more significant and

severe challenges which could occur.
Financial Disclosure
All authors are employees of Alcon Research, LLC.
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