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Abstract: Preservatives in eye drops, while not always necessary, can lead to
undesirable effects. Developing preservative-free solutions demands special
measures for sterility, utilizing multidose or monodose primary packaging. This
review explores the merits and drawbacks of these packaging types. A
literature search on PubMed, Google Scholar, and EMBASE until December
2023, using MESH terms, yielded 28 studies on multidose ampoules and 24 on
monodose packaging. Heterogeneous data revealed advantages and
disadvantages concerning patient use and manufacturing. Chronologically
presenting the development of eye drop packaging, this study finds
Droptainer® simple but unable to maintain sterility. Comod®, 3K®, ABAK®,
Novelia®, and Ophthalmic Squeeze Dispenser show high sterility probability,
with Comod® and ABAK® having a contamination risk. Novelia® excels with
long-term sterility and better control. Ophthalmic Squeeze Dispenser, FDA-
approved, boasts a smaller carbon footprint. Unit-dose systems preserve
sterility and offer design flexibility. Proposing an alternative, blister technology
maintains sterility, is convenient and safe, and holds promise for recycling. This
comprehensive assessment aids in understanding the evolving landscape of
eye drop packaging, emphasizing the importance of sterility, convenience, and

environmental impact.

Introduction

The ophthalmic drug market, valued at $16.2 billion,
plays a significant role in driving growth within the
healthcare industry (1). Eye drops account for 89% of
all registered ophthalmic drugs (2). This is largely due
to their non-invasive nature and ease of access to
various segments of the eye, making them a preferred
method of treatment for ophthalmic diseases (3). A
significant number of patients require daily, long-term
use of eye drops to manage their conditions (4, 5).
Other conditions such as hay fever and glaucoma also
require the long-term use of eye drops. All eye drops
must be free from pathogenic microflora, as microbial
contamination poses a significant risk factor for
developing bacterial keratitis (6-11). Patients who have
recently undergone surgery and those using topical
steroids, which reduce the immune properties of the
optic organ, are at a higher risk of infection (12). The

need for sterility was initially recorded in the United
States Pharmacopeia (USP) in 1955, even though the
standards for aseptic production of ophthalmic
products were established earlier in 1947 by R.
Alexander and W. Conner (13).

Eye drop formulations that are packaged under
sterile conditions have the potential to become
contaminated after they are opened, and using
contaminated eye drops increases the risk of ocular
infections (14). Contamination typically occurs due to
improper handling, such as directly touching the tip
with one's fingers, which can introduce pathogens into
the vial (15). Additionally, ambient air entering the eye
drops can also contaminate the contents. To maintain
the sterility of the composition, preservatives are
added. Thiomersal was commonly used in the 1960s
but was replaced with benzalkonium chloride due to its
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toxicity (16). Polyquaternium-one has also proven to be
effective in numerous tests. Other preservatives
include polyhexamethylene biguanide, sodium
perborate, Purite® (Allergan, Dublin, Ireland), and
Sofzia® (Alcon Inc., Fort Worth, TX, USA) (17, 18). A
multicenter study involving 9658 patients who used
eye drops with and without preservatives showed that
those who used eye drops without preservatives had
significantly fewer ocular symptoms and signs of
irritation compared to those who used eye drops with
preservatives (19). Overall, patients and clinicians
prefer using products without preservatives (20).
Hence, an affordable and user-friendly packaging
system that ensures product sterility is the preferred
solution. This review explores the merits and
disadvantages of these packaging types. The
information presented in this review will enable the
reader to understand how primary packaging for
ophthalmic medications has evolved, identifying the
driving factors behind these changes. Additionally, it
introduces the possibility of utilizing blister packaging
not only for solid dosage forms but also for eye drops.
This innovation could potentially mark the next phase
in the development of packaging within the eye
pharmaceutical industry.

Methodology

PubMed, Google Scholar, and EMBASE databases were
systematically checked to survey literature about the
primary packaging of eye drops. Articles from all years
were considered, and the search incorporated specific
keywords such as "ophthalmic drug market,"
"preservatives," "bacterial contamination," "sterility,"
"primary packaging," "drop volume," "actuation force,"
"drug distribution," "Blow-Fill-Seal," "production costs,"
"blister packaging," "eye care," and "recycling" in
various combinations. Inclusion criteria encompassed
peer-reviewed articles that not only addressed the
patient use of eye drops within a given primary
packaging but also contributed insights into the
sustainability of the packaging in its production.
Additionally, references within identified articles were
meticulously screened for relevance and included in
the narrative review when pertinent to the overarching
theme.

Main part

Multidose ampoules

Multidose eye drop packaging is designed to hold
multiple doses of medication in one container.
According to the European Pharmacopoeia, multidose
eye drop packs consist of a plastic or glass container
with a screw-on or snap-on lid. Glass containers have
been used for preparing medication since the 16th
century when Paracelsus first mentioned them (21).
Glass containers offer several advantages, including
strength, resistance to washout, and blocking of most

ultraviolet radiation. However, these advantages may
not be enough to prevent degradation of the contents
of the container (22). Glass containers also have some
disadvantages. The British Pharmacopoeia and The
USP require glass containers to have high chemical
resistance, which is typically achieved by adding boron
and aluminium (Al) oxides. Unfortunately, this
increases the likelihood of Al contamination (23). Other
considerations include the possibility of glass
interaction with the buffer, delamination, and breakage
(24-26). Differences in the glass vial manufacturing
process, the nature of the dosage form, the presence
or absence of an ammonium sulfate coating, storage
time, and conditions, can all contribute to the likelihood
of glass breakage. Additionally, glass containers are
fragile and have a significant weight (27).

Since the discovery of the natural rubber
polymerization method by C. Goodyear in 1839, rubber
has become a viable material for producing bottles for
eye drops, including corks and membranes for metered
installations (28). Glass pipette tips also emerged as a
viable option for production later on. However, the
combination of a pipette and a bottle of eye drops
proved to be a breeding ground for bacterial
contamination. This issue led to a nosocomial infection
in a Birmingham hospital in the 1950s and ultimately
resulted in the replacement of this container design
(29). As a result, glass vials with dosing pipettes are
not commonly used today (13).

In 1953, Alcon Research, Ltd introduced the
Droptainer® (Alcon Research, Ltd, Sinking Spring, PA,
USA) eye drop bottle, which was a low-density
polyethylene (LDPE) bottle with a built-in "dropper" in
the neck (18, 30). The Droptainer® has become the
industry standard for many eye care products.
However, it has been discovered that the physical
properties of bottles can vary. When comparing
international brands to those from the Kingdom of
Saudi Arabia, it was found that the former contained
more eye drops than indicated on the bottle, while the
two local brands contained less. Additionally, the
diameters of the vial tips differed significantly. A
patient survey revealed that local brand vials were
easier to squeeze, which is an important factor for
users who struggle with compression force (31, 32).
Changing the type of vial used can result in a decrease
in the dosed volume, which has both economic and
biopharmaceutical implications. Eye drops are typically
dosed between 25 uL to 70 uL, with the drop volume
sometimes being reduced to 20 yL due to the small
capacity of the precorneal region. In addition, the risk
of drug absorption through the nasal mucosa can be
high, resulting in drops as small as 5-15 uL. The
dropper tip with an inserted glass capillary has made
these small doses possible (33). Despite these findings,
maintaining sterility remains a critical issue for
multidose ampoules.
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In the early 1990s, Europe saw the invention of
dosing systems for eye drops that could maintain the
sterility of the drug Comod® (Ursa Pharm,
Arzneimittel, Germany) and the similar 3K® system
(Aero Pump, Hochheim-nah, Germany) (34). The
Comod® system uses an elastic inner bag containing
the liquid and is surrounded by an air space. After
dosing, the air returns to this space without touching
the liquid, while the next dose of the drug stays in the
spout. The Comod® design employs a multi-
component mechanical drop nozzle, starting with a ball
valve at the bottom of the dropper, followed by a
spring and a fluid channel. The bottle nozzle is also
sealed with a spring and a piston. When the piston is
compressed, liquid flows out through the side capillary,
while the piston itself prevents the liquid from flowing
back to prevent contamination. The negative pressure
of the ball valve draws the next dose into the nozzle
after the current dose is instilled. However, Matthias
Birkhoff et al. discovered that if the outer part of the
Comod®-type vial spout is infected with Pseudomonas
aeruginosa culture, the resulting drop may also be
contaminated (35). The silver rod used in the design,
located near the outlet tip, did not contribute to the
elimination of the pathogen by the oligodynamic effect
(36). In contrast, another study showed no evidence of
cross-contamination in any Comod® system bottle,
suggesting the possibility of preventing pathogens
from entering preservative-free eye drops (37). The
3K® system is similar to the Comod® system, with the
liquid passing through a sealed valve that prevents
backflow, thereby releasing the chamber to be
replenished with the next dose of the drug. Unlike the
Comod® system, the dosed product is compensated
by the airflow passing through a filter. This system also
includes a silver coil near the outlet to provide
additional antimicrobial properties (18). One potential
drawback of these systems is the difficulty that arises
regarding patient compliance. The actuation force
required for such vials is 25 -28 Newton (N), which is
much higher than that of standard vials (7-10 N) (34).
In a study of 13 multidose and single-use eye drop
dispensers, the authors determined that the force
required to extract the drop varied significantly
depending on the dropper's design, ranging from
6.4-23.4 N. This aspect can significantly affect
compliance with the treatment regimen and its
effectiveness in the patient (38).

In 1989, Thea Laboratories introduced the first
generation of the ABAK® system (Thea Laboratories,
Clermont-Ferrand, France). ABAK® works by filtering
the formulation containing the preservative through a
microporous pad, which removes the preservative by
adsorbing it onto the pad's porous surface before
installation. However, a disadvantage of this solution
was the risk of some active ingredients, such as
timolol, being adsorbed (39). Early ABAK® systems

featured a silver mesh design around the dispensing
port. The system was gradually improved until the third
generation of ABAK® was introduced in 2005. The
current version uses sterile filtration of eye drops
through a special microporous pad and a hydrophilic
polyethersulfone membrane with a pore size of 0.2 um.
The membrane is made hydrophobic by a special
surface treatment, allowing liquid to flow out of the vial
but not allowing it to return, thus removing
contaminating particles from the air and returning to
the vial. The new generation of ABAK® also solved the
problem of adsorption of some components, such as
timolol (40). Therefore, in the current version of the
ABAK® bottle, the formulation should not contain
traces of preservatives. The volume of a single dose is
30 uL. However, the porous gasket and hydrophilic
membrane create significant resistance in the path of
the drug flow, resulting in a fixed actuation force in the
range of 17-20 N, which is lower than that of the
Comod® and 3K® systems (41). One disadvantage of
this technology is that the gasket and membrane
structures may limit the use of low-viscosity
formulations. Nevertheless, the possibility of dosing a
2% solution of polyvinylpyrrolidone through an ABAK®
vial has been demonstrated (42, 43). It should be
noted that the ABAK® system vial is susceptible to
high altitudes, which can result in uneven droplet
outflow, leakage, or obstruction of uniform dosing
when used in flight (18, 34). Furthermore, Alexandre
Xavier da Costa et al. demonstrated the risk of droplet
contamination when the outer part of the nozzle is
contaminated with Pseudomonas aeruginosa (44).

In 2010, Nemera La Verpilliére introduced the
Novelia® system (Nemera La Verpilliére, La Verpilliere,
France), which allows for droplet sizes ranging from 28
ML to 46 puL. The Novelia® bottle has a valve
mechanism based on a silicone tube, and the container
is ventilated by air diffusion through a silicone
membrane. Once a drop is dispensed, the outlet valve
closes immediately to prevent any contaminated liquid
or air from entering back through the droplet
mechanism. The plastic material of the actuator,
protective cap, and silicone valve contain silver ions to
ensure microbial integrity (34). The required actuation
force for this vial is similar to other droppers on the
market, although no specific value is given, and may
increase over time due to the volume being replaced
by air. Kemal Ozulken et al. found no evidence of
bacterial contamination during their 60-day study of
the Novelia® system (45). Additionally, Kai
Kaarniranta et al. showed that the Novelia® vial had
better eye drop control compared to the 3K® system,
possibly due to the blue tip which serves as a focus
point for patients. Patients generally preferred
Novelia® over 3K® because it was significantly easier
to open, squeeze, position, handle, and remove
residual drops from the tip (46). Based on these
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studies, it can be inferred that the actuation force of
the Novelia® vial is less than 25 N. Another study
demonstrated that the Novelia® container maintains
the physicochemical and microbiological stability of the
drug on par with amber glass containers and classic
high-density polyethylene containers (47).
Furthermore, Novelia® vials can reduce the risk of
contamination of eye drops used in clinical settings,
and safe use of such eye drops is possible for up to two
weeks (48).

In 2011, Aptar Pharma developed the Ophthalmic
Squeeze Dispenser (OSD) (Aptar Pharma, Santiago de
Querétaro, Mexico) that features a spring-loaded tip
seal to keep the system closed until a certain pressure
is reached, at which point the formulation is forced
through the orifice. As the pressure drops, the tip seal
closes the hole immediately, making the return flow of
contaminated liquid impossible. The air required to
equalize the pressure inside the container after dosing
is filtered using a filter with a 0.2 um pore size.
Although the snap-top closure of the top of the bottle
on the reservoir is intended to provide a tight
connection, the OSD has been reported to be inferior to
the Novelia® system in several parameters mainly
related to compliance, such as bottle cap snap-on,
play, and increased compression force (49). Unlike
other systems, the OSD liquid is not filtered and does
not come into contact with metal parts. Currently, a
large number of products are supplied in OSD
packaging. Additionally, in 2016, the Food and Drug
Administration approved the first prescription drug in
such packaging (18). A manufacturer's study has also

z { Oligodynamic
/ nozzle
Q‘ Microbiological
’JA sealing piston
B 4 B

shown that reprocessing a 10 ml OSD creates a
significantly smaller carbon dioxide footprint than the
equivalent in single-use eye drop dispensers (34).

Single-use eye drop dispensers

Before 1950, little attention was given to errors in
treatment. To reduce the frequency of errors in patient
treatment and make the process of providing care as
cost-effective as possible, the Unit Dose Drug
Distribution (UDD) system was introduced in US
hospitals in the early 1960s (50). In 1972, the General
Accounting Office published a study showing that UDD
contributed to safer and better patient care by
minimizing medication errors. This led the American
Society of Hospital Pharmacists to strongly recommend
the use of UDD in hospitals and other medical
institutions, which was approved by the board of
directors in 1975. In 1977, the Joint Commission on
Hospital Accreditation also recommended the use of
UDD in hospitals (51). According to a comparative
analysis in 2013, multidose ophthalmic drugs
accounted for only 24% of the market (1).

The prototype for one of the first unit-dose liquid
medicine containers was patented in 1938 by R.P.
Scherer (52). While Droptainer® is considered the
standard for multidose ampoules, Blow-Fill-Seal (BFS)
droppers are the go-to for single-dose formulations.
Rommelag developed BFS (Rommelag, Sulzbach-
Laufen, Germany) in the early 1960s
(53-55). Generally, Figure 1 presents the chronological
development of the primary packaging for eye drops,
detailing its internal construction.

Filter matrix .l’_l 0.0002 mm
B fiter membrane
i =] Filter | ﬁl: _
3 cartridge | ; i
I i . Screw -capl— R ‘é—f ! ;5
Valvet 'l Valve spring 5 : Fiter | AR 3, _:_.1
e i H ] S|I|cone t|p|—'," . IYME"_,%KTL S |
valve il Yot spins ;@ Cvane - Bl e |
\‘l Drops fi{ \Elastlc inner bag ;ﬁtsh?’mer
@ )
1 990s 2010 o
1938 1953 UJIEGdOoSse Comod® 3rd generatlon Novelia® 2011
Scherer's Droptainer® and 3K® of ABAK® Ophthalmic
prototype of Squeeze Dispenser
unit-dose

Figure 1. The chronological development of the primary packaging for eye drops.

Today, BFS is recognized by USP. In this process,
polymer containers are created, filled, and sealed in a
single cycle that takes around 10 seconds, with
minimal operator intervention during filling (56). The
primary packaging material is a granular polymer,
typically LDPE or poly(propylene-co-ethylene). Plastic

pellets are fed through a rotating extruder screw,
where the polymer is heated to over 170 °C and
subjected to pressure of over 200 bar to melt. This
molten material is then squeezed out through a hole to
form an oblong tube (parison). To prevent breakage of
the preform, a stream of sterile filtered air is forced
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through the extruder die. The container is shaped
either by vacuum inside the mold or by blowing air.
Once molded, the blank is cut off and transferred to the
filling stage, where filling takes place under a constant
stream of sterile filtered air. Finally, the upper part of
the mold is closed to seal the container (56, 57).

The BFS packaging design offers flexibility and low
production costs. However, some data suggests that
BFS is significantly more expensive than multidose
ampoules for equivalent eye drops, potentially due to
overfilling each unit dose with the drug (58-60). The
main advantage of BFS is its sterility, which is achieved
during production and can be maintained until the first
opening (58). According to EU (European Union)
guidelines, the filling area of a BFS machine is
classified as a Class A environment with microorganism
concentrations corresponding to below one colony-
forming unit/m3 (CFU/m3) of air (61). Airborne
contamination risks in aseptic processes depend on
various factors, including the level of contaminants, air
movement, and the product's nature (62). The use of
KleenKut® technology (Weiler Engineering, Inc., Elgin,
IL, USA) has addressed non-viable particle formation
resulting from the contact of an electrically heated cut-
off knife with a molten workpiece (63, 64). This
technology uses ultrasound instead of a hot-wire
shutoff to prevent smoke formation, which needs to be
eliminated from the system with an air extractor. Many
studies have contributed to optimizing the design and
operating conditions of BFS machines (65-67). Despite
these optimizations, some drawbacks of BFS
technology include its high degree of permeability
associated with the material used, which can interact
with the drug components. Local heating of the liquid
in the BFS can also be problematic for thermosensitive
preparations, but the technology has been upgraded to
minimize this effect (58, 68-72).

When it comes to patient compliance, the unit-dose
packaging format may pose difficulties for people with
disabilities or visual impairments, and this is not the

only issue associated with this type of packaging (16).
Although the concept of unit-dose packaging does not
suggest reuse after opening, some patients may
attempt to save the remaining medication for future
use, even if the packaging does not recommend this.
Additionally, disposable containers typically do not
provide precise dosing of medication drops (73).

Prospects for using eye drops blisters
Recently, there has been growing public concern about
the significant amount of plastic waste generated from
the use of BFS technology (16). The pharmaceutical
sector is responsible for almost 55% more toxic carbon
emissions than the automotive industry, and plastic
packaging solutions can be considered one of the main
contributors to this problem. The manufacturing
process of such packaging requires a large number of
materials, which creates an additional burden on the
environment, both in terms of production and recycling
(34). Although attempts are being made to modify the
materials used in BFS technology, such as the
development of thermoplastic elastomer, this does not
necessarily reduce the amount of waste generated
from this type of packaging.

Blister packaging may be a more sustainable
alternative to BFS, as it is widely used in other dosage
forms. Blister packaging is a laminate of polyvinyl
chloride (PVC) and Al, and it is the most commonly
used packaging format in the pharmaceutical industry.
In 2021, the demand for blister packaging reached
5.18 thousand tons (74). Blister packaging has been
used as a package for the Orochol® oral cholera
vaccine (Berna Biotech Ltd., Bern, Switzerland), which
is a two-chamber Al foil product (75). For eye drops,
there is a DosePan® single-chamber blister
(Pharmapan AG, Mdéhlin, Switzerland). To create this
packaging, Al-based composite materials are used, and
the full cycle of blister production consists of 6
technological stages: cutting, cold forming, spout
sealing, filling and fragile sealing, permanent sealing,
and final cutting (Figure 2).

Step 2. Step 3.

Cold Forming

Step 4.
Spout Sealing Filling and Fragile Sealing Permanent Sealing

Step 6.

Final Cutting
Step 5. :

Figure 2. DosePan® production steps.
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Compared to BFS, this technology does not require
high pressure, and the source material does not need
to undergo conversion. Moreover, the material forming
stage involves pulling the composite with a punch
without using heat. The sealing process takes place
only along the perimeter of the package, without
affecting the area filled with the preparation. In
DosePan®, a brittle seal occurs between the container
with the drug and the spout, similar to a two-chamber
blister, but the seal collapses when the patient applies
force to the container from the base to the spout,
unblocking the flow of liquid out.

The material used has a multilayer structure, which
enhances the package's performance concerning light
and gas permeability. Al is commonly used to ensure
proper barrier properties, increasing the structure's
rigidity and reducing the size and cost of raw materials
for production (69). It also helps prevent the diffusion
of contaminants into the formulation and is considered
a "green metal" ideal for recycling (76, 77). Other
materials like polyethylene contribute sealing
properties, reduce the product's cost, and serve as a
separating layer that exhibits antistatic properties and
prevents charge accumulation. Oriented polyamide, on
the other hand, provides better barrier, mechanical,
and optical properties, while polyurethane improves
layer adhesion (78). Different approaches are used to
produce composite materials (79). However,
heterogeneous layers make the resulting product
challenging to process, as each layer requires different
degrees of processing during recycling (80-82).
Processing multilayer structures in a single flow is not
recommended, as the resulting product will be difficult
to use as a secondary raw material (83).

The EU has expressed significant concerns about
the recycling of packaging based on flexible materials.
In March 2020, the Circular Economy Action Plan was
presented, outlining that all packaging in the EU
market must be economically viable for reuse or
recyclable by 2030 (84). The Circular Economy for
Flexible Packaging is an initiative working towards
enhancing the versatility of flexible packaging, with
specific recommendations developed for its recycling
(83). Blister packaging based on PVC and Al is
processed through fine grinding, followed by
mechanical separation of laminated materials (85).
However, the resulting Al may contain up to 10%
residual PVC, rendering it unsuitable as a secondary
raw material, and with lower quality than primary Al. A
more technologically advanced approach is the
CreaSolv® process (Fraunhofer Institute IVV, Freising,
Germany), which uses selectively active solvents to
eliminate the polymer. The CreaSolv® technology aims
to produce high-purity secondary Al and a separate
polymer fraction (86). The dissolution step in polymer
recycling assumes that the targeted polymer will
selectively dissolve in the solvent (87). In subsequent

cleaning stages, mechanical methods are used to
remove components that haven't dissolved. After
purification, a solution of macromolecules of the
targeted polymer is obtained, which is then separated
from the solvent during the precipitation stage. The
recycled polymer is dried and the solvent is recovered
and reused in the process. Finally, the purified polymer
is ready for reuse (88). The NewCycling process (APK
AG, Merseburg, Germany), focuses on the separation of
polymers in multilayer films containing Al foil by
stepwise dissolution of polyethylene and polypropylene
in methylcyclohexane with increasing temperature.
Saperatec (Saperatec GmbH, Dessau-Rosslau,
Germany) and PVC Separation (PVC Separation Pty Ltd,
Tonsley, Australia) have developed a special category
of separation processes for multilayer films and
laminates that use solvents but do not require
complete dissolution of the polymers. Saperatec
proposes to reduce the interfacial forces between
polyethylene terephthalate, polyethylene, and Al foil in
multilayer films. According to the patent, this proposed
technology uses an emulsion based on an organic
solvent for swelling and a carboxylic acid to accelerate
separation. The process of delamination of multilayer
materials proceeds with swelling of the polymer in a
low-boiling solvent. Exposure to hot water causes the
solvent to evaporate and the polymers to be released,
which are then separated on a sieve due to differences
in density (89).

In a previous study, we examined registered eye
drops across several countries and observed a notable
preference for single-dose medications in the EU (90).
Likewise, blister technologies can be effectively applied
to the packaging of ophthalmic drugs. Since blister
packaging is already popular, this approach can help
reduce waste that differs in its qualitative composition.
This concept can compete with ophthalmic packaging
standards such as BFS and Droptainer® while
maintaining equal performance.

Conclusion

The prioritization of preservative-free eye drops stems
from their role in preventing additional adverse events
among patients. However, this approach introduces a
potential risk of contamination in the composition by
pathogenic microflora, leading to its entry into the
visual organ. Consequently, ensuring sterility in the
production process is imperative, primarily achieved
through effective primary packaging. The tragic
incident in Birmingham during the 1950s underscored
the challenges associated with using bottles with
pipettes. It can be argued that this event marked the
initiation of the modernization of primary packaging for
eye drops, a chronology detailed in this article. While
the plastic Droptainer® boasts a simple design, it falls
short in maintaining sterility. Systems like Comod®,
3K®, ABAK®, Novelia®, and the OSD exhibit a high
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likelihood of preserving sterility. However, there still
exists a risk of contamination in Comod® and ABAK®
multidose packaging, exemplified by incidents
involving Pseudomonas aeruginosa. In contrast,
Novelia® demonstrated a prolonged absence of signs
of bacterial contamination and superior control during
instillation. The FDA-approved OSD also stands out for
its significantly smaller carbon footprint compared to
unit-dose equivalents. While unit-dose systems offer
the advantage of maintaining drug sterility until use
and provide design flexibility, the economic feasibility
of such packaging remains a subject of intense debate.
Conflicting reports exist regarding the lower production
cost of BFS in comparison to progressive multidose
packaging. Additionally, questions persist about the
recyclability of such packaging and its potential
environmental impact. In conclusion, an alternative
packaging solution in the form of the DosePan® blister
is proposed. This option maintains sterility, offers
convenience and safety, and shows promising
prospects for recycling. The article presents various
existing technologies for recycling flexible packaging,
including the renewal of the underlying Al material. The
reduction of packaging variety is advocated as a
means to alleviate the environmental burden, with the
suggestion of combining DosePan® blisters with those
used in solid dosage forms for efficient waste recycling.
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