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PACKAGING SYSTEM FOR A MEDICAL PRODUCT

TECHNICAL FIELD
[001] The present disclosure generally relates to packaging systems for a medical
product, and, more particularly, to packaging systems for storing a medical product 1n a fluid,

including to packaging systems for room-temperature storage of a tissue product mn a fluid.

BACKGROUND

[002] Biological tissucs may provide oproved functional performance as compared to
cquivalent synthetic devices when used i in vivo implantation. However, the availability
and usage of tissue grafts may be restricted by supply constraints and logistical concerns of
transporting and/or storing the tissue grafts. Various techuiques have been developed that
allow for the transportation and storage of tissues that may be suitable for use in surgical
implantation. However, many of the developed technigues may require the use of specialized
refrigeration or freezer equipment for storing the donor tissue at extremely low temperatures.
Such requurements may restrict the facilities that are able to use the available tissues, and/or
may complicate the transportation of tissue to end-use surgical facilities. Further, other
techriques comprise preparation and storage of dried tissue. Whether dried or stored at fow
temperatares, such tissue products can require inconvenient and time-consuming pre-
operative preparations to make them appropriate for surgical use. Morecover, various known
storage systems may be limited in that they require a particular onientation of the storage
system in order to cover the tissue in a storage fluid, m order to maintain a flind seal, in order
to prevent fluid loss, ete.

(0031 The packaging systems and refated methods described herem may help to
overcome some of these issues and/or may help to improve the transport, storage, pre-

operative preparation, and ultimate use of wet-preserved tissue. For example, in some
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suitable storage approaches, the tissue may be stored in a preservative solotion that may
prolong the useful storage hife of the tissue. In some such storage approaches, the tissue may
be retained in the preservation solution until the tissue 1s used in a medical procedure.

Further, the packaging systems and related methods described herein may be used in the

room temperature storage of tissue products,

SUMMARY

[004]  According to an implementation, a packaging system may include a holder and an
mner container. The holder may include a top portion and a bottom porttion that cooperate to
form a cavity configured to receive one or more medical products thercin and to retain the
one or more medical products therein. The inner container may define an inferior region
configured to receive the holder therein. The bolder may include sidewalls that form the
cavity, and the sidewalls may include channels configured to fluidly connect the cavity to the
interior region of the inner contaimner.

(0051 The packaging system may mnclude one or more of the following features. The
muer container may include an inner tray that includes a first portion and a second portion,
and the first portion and the second portion may each include an irderlocking portion that
forms a seal when coupled together. The packaging svstem may further include an outer
container, and the outer container may include a well configured to receive the inner
container therein. The channels may be formed by extensions and indentations in the
sidewalls. The extensions and indentations i the sidewalls may be rounded. At least one of
the holder, the inner container, or the outer container may be formed of a plastic material

and/or via therooforoung.

(0061 The mner container may be a vial. The vial may mnclade one or more retention

features that project mward into the vial and are dimensioned to constrain movement of the
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holder when received within the vial. The vial may include one or more surface features
configured to inhibit rolling of the vial when placed on a surface. The packaging system may
turther include a fluid configured to preserve one or more medical products within the cavity
of the holder.

(0071 In another mplementation, a method of packaging one or more medical products
may include inscrting a medical product within a cavity of a bolder; closing the holder to
enclose the medical product; inserting the holder and the medical product into one portion of
an inner container; delivering a hiquid into the one portion of the mner container; coupling
another portion of the inver container to the one portion of the mner container to enclose the
holder and the medical product within the inver container; inserting the inner condainer, the
holder, and the medical product nto an outer container; and covenng a portion of the cuter
comtainer with a sealing material.

(0081 The method of packaging one or more medical products may include one or more
of the following features. Closing the holder may include couphing a coupling portion on a
bottom portion of the holder to a coupling portion on a top portion of the holder to enclose
the medical product within the cavity of the holder. Covering the portion of the outer
containcr with the sealing material may include forming a Tyvek scal over the outer
container. The medical product may inchude one or more of a nerve tissue, a vein graft, a
vascular tissue, an urological tissue, a tendon, or a muscle tissue. The hiquid may mclude a
solution including about 2% to about 15% by volume dimethyl sulfoxide (DMSQ), and one
or more monovalent and/or divalent metal cations.

(0091 In another muplementation, a method of storing one or more medical products may
include packaging the one or more medical products according to the method of packaging
one or more medical products; and also storing the one or more packaged medical products.

The may further include exposing the one or more packaged medical products to a
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temperatare of approximately -85 degrees Celsias. Storing the one or more packaged
medical products may include exposing the one or more medical producis to a temperature of
about 15 degrees Celsius to about 30 degrees Celsius.

[0010] In vet another tmplementation, a holder for one or more medical products may
melade a top portion and a bottom portion pivotably connected to the top portion via a joint.
The top and bottom portions may cooperate to form a cavity configured to hold one or more
medical products therein. The cavity may be fluidly conmected to an exterior of the holder.
One or both of the top portion or the bottom porfion may mclude sidewalls that form the
cavity. The sidewalls may inchude a plurality of chanuels to fluidly connect the cavity to the
exterior of the holder. The channels through the sidewalls may be formed by rounded
extensions and indentations in the sidewalls.

{0011} The bolder may jnclude one or more of the following features. The top portion
and the bottom portion each may include a coupling portion configured to secure the holder
in a closed configuration when mated together. The coupling portion of the top portion may
melude either a hole or a peg, and the coupling portion of the bottom portion may include
cither the peg or the hole configured to mate with the peg or the hole of the top portion. The
top portion and the bottom portion may be formed of plastic and shaped via thermoforming.

0012} A packaging system may inclade the holder for one or more medical prodacts and
avial. The vial may include one or more retention features that project inward ito the vial
and arc dimensioned to constrain movement of the holder when received within the vial. The
vial may include one or more surface features configured to inhibit rolling of the vial when
placed on a surface. The packaging system may further include a fhud configured to preserve
one or more medical products contained within the cavity of the holder. The vial may be at
least partially transparent and may be formed of one or more of polypropylene, high density

polyethylene, polvmethyipentene, polyethylene terephthalate glycol-modified, or fluorinated
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cthylene propviene. The vial may be configured to withstand temperatures ranging from
about -85 degrees Celsius to about 50 degrees Celsius,

[0013] One of ardinary skill in the art will appreciate that the packaging systems, the
medical products, and the methods of storing the medical products in the packaging systems
disclosed herein may be used in the surgical interventions of humans and other vertebrates, as
well is 1o Jaboratory studics, comparisouns, and assays, mcluding i vitro analyses.

100147 One of ordinary skill in the art will also appreciate that materials, sizes, shapes,
ste. of the packaging systems, solutions {i.¢., preservation solations, rinsing sohlufions, efc.},
and/or methods of storing or removing the medical products other than those specifically
exemplified can be employed in the practice of the disclosure withowt resort to undue
experimentation. All art-known functional equuvalents of any such materials and methods are
mntended to be included in this disclosure.

100151 Other objects, features and advantages of the present disclosure will become
apparent from the following detailed description.  should be understood, however, that the
detatled desenption and the examples, while indicating exemplary embodiments of the
present disclosure, are given by way of ilhustration only, since various changes and
modifications within the spirit and scope of the invention will become apparent to those
skilled i the art from this detailed description. Note that simply because a particular
corapound is ascribed to one generic formula does not mean that it cannot also belong to
another generic formula.

100167 The singular forms “a,” “an,” and “the” mnclade plural reference unless the context
dictates otherwise. The terms “approximately” and “about” refer to being nearly the same as
a referenced number or value, As used herein, the terms “approximately” and “about”
generally should be understood to encompass + 5% of a specified amount or value. The use

of the term “or” in the claims is used to mean “and/or” unless exphaeitly mdicated to refer to



WO 2022/103557 PCT/US2021/055713

alternatives only or the alternatives are mutually exclusive, atthough the disclosure sapports a
definition that refers to only alternatives and “and/or.” As used berein, “another” may roean
at least a second or more. As used herein, “adjacent” and “proximate” are used to mean that
components are in abutting contact, or are separated but in a near or neighboring
arrangement. Moreover, 1t is noted that the terms “top” and “bottom” are terms that refer to
the orentations shown in the figures. Nevertheless, these terms are relative ferms, and the
relative posttions or ortentations of various components discussed herein may vary depending
on the viewpoint toward the components, the arrangement of the components relative o
gravity, ¢tc.

[0017] The terms and expressions which have been employved are used as terms of
descrption and not of hontation, and there 1s no intention that in the use of such terms and
expressions of excluding any equivalents of the features shown and described or portions
thereof, but it is recognized that various modifications are possible within the scope of the

disclosure claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1 illustrates an exemplary packaging system in a partially-assemblod
configuration, according to aspects of the present disclosure.

[0019] FIG. 2 dlustrates the packaging systern of FIG. | in an unassembled configuration,
according to aspects of the present disclosure.

100207 FIGs. 3A-3E illustrate various views of a portion of the packaging system of FIG.
1, according to aspects of the present disclosure.

10021} FIG. 4 provides a flow chart depicting an cxemplary ructhod for assembling the

packaging system, according o aspects of the present disclosure.
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100227 FIG. SA illustrates another exemplary packaging system in a partially assembled
configuration, and FIG. 5B illustrates the packaging systern of FIG. 5A m an unassembled
configuration, according to aspects of the present disclosure.

[0023] FIG. 6A tlhustrates vet another exemplary packaging sysiem in a partially
assembled configuration, and FIG. 6B illustrates the packaging svstem of FIG. 6A inan
unassembled configuration, according to aspects of the prescot disclosure. FIG. 6C dlustrates
a portion of the packaging system of FIG. 6A 1n an open configuration, according to aspects

of the present disclosure.

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS

[0024] In general, vartous embodiments of the present disclosure may relate to packaging
systerns. In some mmplementations, the packaging systems may be utilized for packaging one
or more medical products, for example, one or more tissue specimens, nerve grafis (e.g., an
Avanee® Nerve Graft by Axogen), etc., which may be intended for use in connection with
surgical procedures. In some examples, the packaging svstems may allow the medical
product{s} to be packaged in a liguid, ¢ g., which may facilitate storage and/or preservation of
the medical product(s), including at room temperature (¢.g., ranging from about 15 degrecs
Celsius to about 30 degrees Celsius). In some embodiments, the licund may include 2
preservation liquid and/or solution. Further, in some example embodiments, packaging
systems consistent with the present disclosure may include features that facilitate
manipulation of the medical product(s) contaimed therein, for example, removal of the
medical product{s) from the packaging and/or during other operations. Additionally,
packaging systems consistent with the present disclosure may include one ot raore materials
and/or configurations that may allow the medical produci(s} to be packaged in one or more

packaging elements, ¢.g., which may facilitate storage and/or preservation of the medical
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products(s}, mclading at room temperature (e.g., ranging from about 15 degrees Celsius o
about 30 degrees Celstus). In some aspects, packaging svstems consistent with the present
disclosure may allow the medical produci(s) to be packaged and stored in the hiquid. The
medical product(s) may be contained in one or more packaging elements formed of the one or
more materials and/or in the one or more configurations, which may facilitate storage and/or
prescrvation of the medical product(s}, mcluding while exposed to colder and warmer
temperatares than room temperature (e.g., ranging from about -85 degrees Celsius to about 50
degrees Celsius) and/or at the temperature range appropriate for the material medical product
being stored.

100251 FIG. 1 illustrates a packaging system 100 in a partially assembled configuration,
and FIG. 2 Hlustrates packaging system 100 in an eoassembled configuration. Packaging
systern 100 includes a holder 102, Holder 102 may hold, enclose, or otherwise support one
or more medical products 104, Packaging system 100 may also inclade an inner container,
for example, an mner trav 106, and an cuter container, for example, an outer tray 108, Inner
tray 106 and outer tray 108 may at least partially surround holder 102, for example, in order
1o enclose or contain a fluid 110, e.g., a preservation liquid, thercin, and/or to provide a sterile
barrier. As shown in FIG. 1, when packaging system 100 is assembled, fluid 110 may
surround medical product 104, In some aspeets, flaid 110 may help to preserve medical
product 104, for example. at room temperature.  Although not shown, a removable sealing
material may be deposited over at least a portion of outer tray 108 to form a barrier or coating
over outer tray 108, inclading to protect the sterility of the components sealed therein.

[0026] It 1s noted that while reference 1s made to packaging system 100 enclosing
moedical produst 104, packaging svstem 100 may be used for any product that is intended to
be partially or completely sabmerged, coated, or otherwise surrounded by a flotd. Moreover,

while reference 1s made to fhud 110, it 1s noted that fluid 110 may be one or more liquids that



WO 2022/103557 PCT/US2021/055713

may facilitate the storage and/or preservation of medical product 104, for example, one or
more tissue specimens {¢.g. ammal-denved, human-dernived, or otherwise synthetic or grown
tissue specimens), including nerve grafts {e.g., an Avance® Nerve Graft by Axogen), etc.
[0027] As shown in greater detail with respect to FIGs. 3A-3E, holder 162 may include a
general clamshell design, for example, with a top portion 102a and a bottom portion 102b
pivotably coupled by ajont 112, In some aspects, jount 112 may be formed by a coned
hinge. For example, joint 112 may include a narrower or smaller width and/or thickness of
material than the adjacent portions of holder 102, Tn some aspects, joint 112 may mclude a
moore condensed material than the adjacent portions of bolder 102, In these aspects, jomnt 112
may help to maintain an orientation of holder 102, for example, in the closed configuration
and/or in one or more open, partially open, full open, ete., configurations between top portion
1022 and bottom portion 102b. This may allow a user to open holder 102 so that when the
user releases holder 102, or a portion thereof, top portion 102a and bottom portion 102b
substantially maintain their positions relative to one another. For example, the user may open
holder 102 and lay the opened holder 102 relatively flat so that top portion 102a and bottomn
portion 102b are oriented approximately 180 degrees from one another. When the user
releases holder 102, or a portion thereof, holder 102 may substantiallv maintain this
orientation. In another example, a user may open holder 102 and fold holder 102 back on
itself so that top portion 102a and bottom portion 102b are touching each other. When the
user releases holder 102, or a portion thereof, holder 102 may maintaim this oriendation. In
some embodiments including a coined hinge joint 112, the ability of top portion 102a and
bottom portion 102b to maintain their relative orientations once a user has released holder
102, or a pottion thereof, may roake 1t caster for the user to remove the medical product(s)

104 from holder 102,
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100287 Holder 102 may be substantially rectangular, and may mclude 3 free end 114, for
example, opposite to joint 112, Nevertheless, although not shown, holder 102 may be
substantially circular, elliptical, triangular, pentagonal, or ancther suitable shape, which may
or may not correspond to medical product{s} 104. Holder 102 may include one or more
coupling portions 1106, for example, on one or more of jomt 112 or free end 114, Coupling
portions 116 may include mating projection and recess {¢.g., peg/hole) arrangements to form
a friction fit, a press fit, a snap fit, ete. 1 order to form a releasable secaring mechanism, as
discussed in detail below with respect to FIGs. 3A-3E. Although the portions of holder 102
are referred to as top and bottom portions herein, it is noted that these terms are relative and,
when assembled, either top portion 1022 or bottom portion 102b may be above or below the
other portion relative to gravity.

00291 When coupled 10 a closed configuration, as shown in FIGs. | and 2, top portion
102a and bottom portion 102b may collectively define and/or cooperate to form a cavity 118,
for example, to receive medical prodact 104, Cavity 118 as shown is generally rectangular,
and may be at least partially formed by sidewalls 120. The width, length, and depth of cavity
118 may vary depending on the size, shape, or other details of medical product(s} 104 to be
retaimed within cavity 118, Cavity 118 may be any suitable shape and may or may not
correspond fo the shape of medical product 104 1o be contained therein. Additionally, holder
102 may include one or more channels 122, for example, inlets/outlets extending laterally
through sidewalis 120 of holder 102 to fluidly connect cavity 118 to outside of holder 102,
for example, to inner tray 106 when holder 102 1s positioned within inmer tray 106, As
shown in FIGs. 3A-3E, channels 122 may be formed by extensions 124 and mdentations 126
1o sidewalls 120 of one or more of top portion 102a or bottom portion 120b. For example, as
shown in FEG. 3C, bottom portion 102k may include channels 122, and top portion 102a may

be sized to fit over a portion of channels 122, In one aspect, although not shown, extensions

10
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124 and indentations 126 may be positioned on top portion 102a and bottom portion 102b in
an at least partially offset manner, for example, such that top portion 10Za and bottom portion
102b may be coupled by interlocking one extension 124 from top portion 102a m one
mdentation 126 in bottom portion 102b, or vice versa. For example, extension 124 may only
partially be received within indentation 126, such that an opening between top portion 102a
and bottom portion 102b forms one channel 122, Furthermore, tn another aspect, although
not shown, top portion 102a and bottom portion 102b may each inchide sidewalls 120 such
that when coupled m a closed configuration, side walls 120 of top portion 102a and bottom
portion 102b at least partially overlap but also form channels 122,

[0030] In some aspects, medical product 104 may inchude tissue. For example, medical
product 104 may include human tissue or antmal tissue or may be synthetic or grown tissue.
Examples of tissues that may be used m connection with the present disclosure may include,
but are not limited to, nerve tissue or grafts {e.g., an Avance® Nerve Graft by Axogen), vein
grafts, vascalar tissue, vrological tissue, tendons, muscle tissue, etc.

[0031] Holder 102 may be positioned within inner tray 106, As shown in FIG. 2, inner
tray 106 may include a first portion 106a and a second portion 106b, which may fit together,
for example, via a friction fit, press-fit, or snap-~fit arrangement to enclose holder 102,
medical product 104, and fhad 110, First portion 106a may include a first pocket 130z, and
second portion 106b may include a second pocket 130b. Pockets 130a and 130b may be, for
cxample, senui-cviindrical indentations in first portion 106a and second portion 106b.
Accordingly, when first portion 106a and second portion 106b are coupled together, pockets
130a and 130b may form a substantially cylindnical hollow cavity to contain holder 102,
roedical product 104, and fluid 110, First portion 106a and second portion 106b, along with
pockets 130z and 130b, may be anyv suitable shape and may or may not correspond to the

shape of holder 102 to be contained therein.

11
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[3032] First portion 106a and second portion 106b may each inchide mnterlocking
portions. For example, first portion 106a may nclude a first interlocking portion 132a, which
may be formed by a projection extending out of a plane formed by first portion 106a. Second
portion 106b mav inclade a second interlocking portion 132b, which may be formed by an
mdentation recessed into a plane formed by second portion 106b. The coupling of first
mnterfocking portion 132a with second interlocking portion 132b may help to form a seal
beteveen first portion 106a and second portion 106b, for example, that inhubits or completely
prevents fluid {e.g., flind 110} from leaking out of inner tray 106. Interdocking portions 132a
and 132b may oclude geoerally clhiptical shapes, which may facilitate coupling of first
portion 106a and second portion 106b. The gencrally elliptical shapes of interlocking
portions 132a and 132k may also form the seal that ihibits or completely prevents flaid 110
from lcaking out of wwer tray 106. For exarople, the cliptical shapes of the uterlocking
portions 132a and 132b may generate a substantially consistent radial force {e.g.. a
substantially evenly spread force} between interlocking portions 132a and 132b and may
form a sealed pocket between first portion 106a and second portion 106b. Alternatively,
mterlocking portions 132a and 132b may include one or more other shapes without imitation
{c.g.. generally circular, generally triangular, generally rectangular, etc.}, which may also
help to form the scal that inhibits or completely prevents flaid 110 from leaking out of inner
tray 106.

[0033] Furthermore, as shown in FIG. 1, in some embodiments, inner tray 106 may
mechude a coupling portion 134, which may include mating projection and recess {e.g.,
peg/hole) arrangements. For example, as shown in FIG. 2, first portion 106a may include a
first coupling portion 134a, which may mclude a peg or other suitable projection, and second
portion 106b mayv inclode a second coupling portion 134b, which may inclode a hole,

opening, or other suitable recessed portion. When first and second portions 134a and 134b

12
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are mated together, they may align first and second interlocking portions 132a and 134b
together, and may help to secure first portion [06a and second portion 106b together. In one
aspect, as shown in FIG. 2, first portion 106a may include a tapered side portion 136a, and
second portion 106b may include a tapered side portion 136b. Tapered side portions 136a
and 136b may be adjacent to or on the same ends of first and second portions [06a and 106b
{c.g., adjacent to or on the same cnds of pockets 130a and 130b) as interlocking portions 134a
and 134b. Moreover, when first portion 106a and second portion 106b are coupled together
to enclose holder 102, holder 102 may be at least partially fixed relative to first portion 106a
and second portion 106b. For exanple, one or more portions of holder 102 may be partially
squeezed or otherwise secured between first portion 106a and second portion 106b, such that
holder 102 does not substantially move within inner tray 106, for example, dunng storage,
transpotiation, pre-operative handhing, cte.

100341 Cuter tray 108 may include a generally elliptical shape. In one aspect, outer tray
108 includes a flat end portion 108a and a rovnded end portion 108b. Flat end portion 1082
and rounded end portion 108b may be connected by side portions 108¢ and 10684, which may
be generally straight. Outer tray 108 includes a well 140, and well 140 1s configured to
receive at least a portion of inner tray 106, For example, well 140 may be formed by an
mdented portion of outer tray 108 that extends into a plane formed by outer tray 108,
Alternatively, although not shown, outer tray 108 may be any suitable shape and may or may
not correspond to the shape of inner tray 106 to be contained therein.

130351 Moreover, well 140 may include one or more stratifications or one or more
portions with different depths. For example, well 140 may include a central portion 140a,
and may include one or more edge portions 140b. Central portion 140a may be decper than
edge portions 140b. For example, edge portions 140b may be angled (e.g., 43 degrees) to

transition from the edge of outer tray 108 and central portion 140a. Tn some aspects, outer
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tray 108 mayv inclade a tab or notched portion 142, for example, adjacent to or connected to
well 140, In these aspects, inner tray 106 may be positioned within well 140, and although
not shown, a scaling material {(e.g., a scal formed of high-density spun-bound polyvethyliene
fibers or a Tyvek® seal) may be deposited over well 140 to form a sterile coating or barrier
over a portion of outer tray 108, which may maintain stenility of outer trav 108 and s
conients.

100361 With inner tray 106 positioned within well 140 of outer tray 108, tapered side
portion 136, formed by tapered side portions 136a and 136b, may ahgn with or be positioned
adjacent to notched portion 142, as shown in FIG. 1. Notched portion 142 may be configured
to help the user to manipulate {e.g., remove) the sealing material from outer tray 108 and to
open outer tray 108 to expose inner tray 106 containing holder 102 and medical product(s)
104, Addttionally, notched portion 142 may help the user to masipulate twer tray 106 {c.g.,
remove one of first portion 106a or second portion 106k} to access holder 102 and medical
product{s} 104. In one aspect, notched portion 142 may help the user grip the stenle coating
or barrier that 1s formed over outer tray 108, for example, to remove the sterile coatmg or
barrier to access the contents of outer tray 108,

[0037] Referring back to well 140, well 140 may also help to retain any fhud 110 that
may leak out from mner tray 106, for example, during storage, transportation, pre-operative
handling, etc. Well 140 may also be configures to retam any flaid 110 that may leak from
mner tray 106 during the manipulation of the packaging during use, for example, as the user
opens packaging system 100 to remove or otherwise access medical product{s) 104, In one
aspect, well 140 may include a flattened portion, which may form a generally flat bottom for
outer tray 108, The flattened portion may faciutate stacking or packaging a plurality of
packaging systems 100 during storage or shipping. Moreover, a generally flat bottom portion

of outer tray 108 may facilitate placement of packaging system 00 during opening and/or
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use of medical product(s) 104, for example, when outer trav 108 is positioned on a flat
surface before, dunng, or after a medical procedure. H is noted that the sizes of one or more
of holder 102, mner tray 106, or outer tray 108 may be any appropriate size and/or thickness.
For example, as discussed above, the size and/or shape of holder 102 may or may not
correspond to the size and/or shape of medical product(s) 104, Additionally, the size and/or
shape of inver tray 106 may or may oot correspond to the size and/or shape of holder 102,
and the size and/or shape of outer tray 108 may or may not correspond to the size and/or
shape of mner tray 106.

[0038] FIGs. 3A-3E depict various views of holder 102, As mentioned previously,
holder 102 includes top portion 102a and bottom portion 102b, which may be connected by
joint 112, Holder 102 may also inclade coupling end 114, Gue or more of joint 112 and
coupling eud 114 may ioclude one or more coupling portions 116, For example, FIG. 3A is a
top view of holder 102, and FIG. 3B is a side view of holder 102, In the embodiments in
which top portion 102a and bottom portion 102b are coupled by joint 112, coupling end 114
may be formed by ends of top portion 102a and bottom portion 102b that are opposite 1o joint
112, Accordingly, the ends of top portion 102a and bottom portion 102b that form coupling
gnd 114 are moveable relative to each other, for exaraple, via movenent of top portion 102a
and bottom portion 102b via joint 112, In another aspect, top portion 102a and bottom
portion 102b may be scparate portions, for example, not coupled by joint 112, In this aspect,
top portion 102a and bottom portion 102b may be separable and couplable, for example, via
one or more coupling portions 116.

00397 As shown in FIG. 34, bolder 102 mcludes cavity 118 configured to receive
moedical product(s) 104 (not shown), and cavity 118 may be formed by sidewalls 120 m ouve
or both of top portion 102a or bottom portion 102b. Sidewalls 120 wmclude a plurality of

channels 122, as discussed above. As shown in FIG. 3B, channels 122 may be formed by a
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plurality of extensions 124 and indentations 126 in sidewall 120, for example, in bottom
portion 102b. With top portion 102a secured to bottom portion 102b, channels 122 are open
to allow for fluid 110 (not shown) to flow between cavity 118 and the pocket formed by inner
tray 106 when holder 102 1s positioned within inner tray 106, Nevertheless, extensions 124
and cavity 118 may be configured to retain medical product(s) 104 in an orientation (i.e., a
hinear onentation extending along a length of holder 102). Additionally, extensions 124 and
mdentations 126 may be rounded or include gradual changes n shape, which may help
prevent damage to medical product{s) 104 during msertion of medical product(s) 104 mio
cavity 118, during removal of medical product(s) 104 from cavity 118, and/or during storage,
transportation, pre-operative handling, etc. Moreover, indentations 126 may facilitate
manipulation {¢.g., removal} of medical product(s) 104 from holder 102. For example, a user
may use forceps, tweezers, or another suitable medical device to access medical product(s)
104, and the medical device may be passed through indentations 126 to access medical
product{s} 104 in cavity 118.

[0040] Holder 102 may allow medical product{s) 104 to be removably placed within
cavity 118, and holder 102 may also protect and/or retrain medical product(s) 104 within
packaging system 100, For example, holder 102 may allow one medical product 104 having
arelatively small size, by comparison fo the size cavity 118, to be retained within cavity 118
mt a desired position and/or configuration. For example, holder 102 may be configured to
reduce the degree of available movement of medical product 104 within cavity 18 {e.g.,
reduce the amount of free space around the sides of medical product 104 to minimize the
movement of medical product 104 within cavity 118). For example, thicknesses of sidewalls
102 may control a width of cavity 118, which may help to restrict the lateral movement
and/or change in shape of medical product 104 within cavity 118, Because holder 102 may

support a relatively small medical product 104 within a relatively larger cavity 118, in some
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ihustrative embodiments, aspects of packaging system 100 may be sized to facilitate
manipulation of packaging svstem 100 by a user, without requining a high degree of dexterity.
Additionally, outer dimeansions of holder 102 may approximate the inner dimensions of inner
holder 106, for example, to reduce the necessary volume of fluid 110, reduce the movement
of holder 102, help to ensure medical product{s} 104 remains submerged in flmd 110, ete.
Holder 102 may also facilitate the transfer of medical product(s) 104 from within holder 102
{c.g., i the sterile field) to the treatment site (e.2., o the surgical field) without requiring
direct manipulation of medical product(s) 104. For example, a user may manipulate holder
102 to roarupulate medical product{s) 104, rather than mantpulate the smaller, more delicate
medical product(s) 104, Additionally. although not shown, cavity 118 of holder 102 may
nclade one or more stratifications or different depths, for example, to accommodate medical
product{s) 104 of different sizes, thicknesses, widths, lengths, cte. The one or more
stratifications or different depths may be sized to receive respective medical product(s) 104,
which may allow for one holder 102 to be configured to receive different medical product(s)
104. Inthese aspects, holder 102 may help to constramn the shape of medical produet(s) 104
and/or protect medical produci(s) 104 from damage during packaging, storage, transportation,
pre-operative handling, etc. Holder 102 may also help to ensure medical products{(s) 104 are
surrounded by fluid 110 regardless of the orientation of packaging system 100.

100411 FIG. 3C 15 a perspective view of holder 102 in uncoupled configuration, for
cxample, i a partially opened configuration. FIG. 3D is a top view of holder 102 in a fully
opened position, and FIG. 3E is a side view of holder 102 in the fully opened position. As
shown, top portion 102a includes a top cavity 118a, for example, formed by a recessed region
within top portion 102a (i.e., recessed in a dircction extending away from botiom portion
102b}. Bottom portion 102b inclodes a bottom cavity 118b, for example, formed by

sidewalls 120. When top portion 102a and bottorm portion 102b are coupled, top cavity 118a
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and bottom cavity 118b form cavity 118 configured to receive medical product{s) 104 and
fluid 110,

[0042] Additionally, top portion 102a and bottom portion 102b may include features to
form one or more coupling portions 116 (FIG. 1), For example, top portion 102a may
mcelude one or more holes, openings, or mdents | 16a, and bottom portion 102b mav include
oune or more pegs ot projections 116b. The one or more boles, openings, or indents 1 16a and
the one or more pegs or projections 116b may be configured to align when holder 102 ina
closed configuration so that peg{s) 116b fit within a corresponding hole §16a when top
portion 102a is coupled to bottora portion 102b. Tt is noted that hole{s) 116a may not be
through-holes, but rather may be indented portions in top portion 102a that are closed on one
end. In one aspect, holder 102 may mchade two sets of corresponding holes 116a and pegs
{16b. For cxample, a first bole 116a and a fitst peg 116b may be positioned proximate to
joint 112, and a second hole 116a and a second peg | 16b may be posttioned proximate to
couphing end 114, for example, a coupling end 114a on top portion 102a and a coupling end
114b on bottom portion 102b. In this aspect, pegs 1 16b may be positioned on opposing ends
of bottom cavity 118b. Morecover, although hole(s) 116a are shown on top portion 102a and
peg(s) 116b are shown on bottom portion 102b, this disclosure is not so limited. For
example, one or more holes 116a may be positioned on bottom portion 102b, and one or more
pegs 116b may be positioned on top portion 102a. Additionally, i one aspect, top portion
102a may include one hole 116a on a first end and one peg 116b on a sccond end. Sinulary,
bottom portion 102b may include one peg 116b on a first end and one hole 116a on a second
end, such that, when holder 102 is closed, cach hole 116a is aligned with a corresponding peg
115b.

00437 Hole(s) 116a and peg(s) 116b may imnclude corresponding shapes. For example, as

shown, hole(s) 116a and peg(s) 116b may mclude generally cvhindrical shapes or circular
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cross-sectional shapes, but this disclosure 18 not so houted, as hole(s) 116a and peg{s) 116b
may wnclude tnangular cross-sectional shapes, square or rectangular cross-sectional shapes, or
any other suitable cross-sectional shape. As mentioned above, joint 112 may include a
coined hinge, and with hole{s} 116a and peg{s} 116b uncoupled, joint 112 may help to
maintain an onentation of holder 102, for example, in one or more open, partially open, full
open, cte., configurations between top portion 102a and bottom portion 102b.

[(3044] As mentioned above, packaging system [0 may be configured to contain and
enclose one or more medical products 104, for example, one or more tissue specimens, nerve
grafis {¢.g., the Avance® Nerve Graft by Axogen), etc., and may retain the one or miore
medical products 104 i fluid 110, Fluid 110 may be bio-compatible, and may be able to
withstand temperateres, for example, between approximately -85 degrees Celsius to
approximately 50 degrees Celsius. Morcover, fluid 110 may be contigured to preserve
medical product 104 at room temperature, for example, between approximately 15 degrees
Celsius to approximately 30 degrees Celsius. Furthermore, the varicus components of
packaging system 100 may be bio-compatible, and mayv be able to withstand temperatures,
for example, between approximately -85 degrees Celstus to approximately 50 degrees
Celsiug. Moreover, the various components of packaging system 100 may be configured to
retain medical product 104 and fhad 110 at room temperature, for example, between
approxtimately 15 degrees Celsius to approximately 30 degrees Celsius. It 1s noted that the
temperature(s) that packaging svstem 110 and fluid 110 are exposed to may vary, for
example, depending on the type and/or size of medical product(s} 104, the storage and/or
preservation duration, the sterilization processes o be used m conjunction with the packaged
noedical produst(s), and/or one or raore other or additional factors. A persow having ordinary
skill in the art will appreciate the appropriate temperature for the type of tissae or other

medical produci(s) 104 that is held by packaging system 100
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[(30435] Packaging system 100 may include sufficient fluid 110 such that medical product
104 is submerged or otherwise surrounded by fluid 110 regardless of the onientation of
packaging system 100 relative to gravity. In one aspect, fluid 110 may not entirely fill the
cavity formed by inner tray 106, but the cavity may be dimensioned such that any air bubble
within the cavity never contacts medical product 104, In some aspects, incorporating an air
bubble i tnner tray 106 may help to reduce a risk of fluid 110 escaping from nner tray 106
when opening inner tray 106 to access holder 102, to reduce a risk of over-filling inner tray
106, and/or may help to accommodate expansion of fluid 110, for example, iffwhen frozen
during exposure to lower teroperatures.

[0046] As mentioned, fluid 110 may include one or more liquids that may facilitate the
storage and/or preservation of the tissue specimen submerged therein. For example, fluid 110
may facilitate the storage and/or preservation of medical product{s) 104 at room temperature
and/or at sther colder or hotter tomperatures {¢.g., about -85 degrees Celsiug to about 50
degrees Celsius). According to one example, fluid 110 may include a sohution including
about 2% to about 13%, ¢.g., 5%, by volume dimethyl sulfoxide (DMSG). The solution may
also have been prepared through addition of about 150 g/L to about 2.5 g/L. sodum chionde.
The solution may also have been prepared through addition of about 0.3 g/L potasstum
chloride. The sohution may also have been prepared through addition of about 0.2 g/L
calcium chlonde. The solution may also have been prepared through addition of about 0.4
o/L sodium bicarbonate. The sohution may further have been prepared through addition of
about 0.1 g/ magnestam chloride. B will be appreciated that various other liquids, including
but not limited to, solutions comprising mixtures of monovalent and/or divalent metal cations
{¢.g., sodium, potassium, magnesium, calcium, ¢tc.) mayv be utilized i connection with
embodiments consistent with the present disclosare, inchuding the preservation solutions

disclosed in U5, patent application mumber 16/898,224, entitled “Wet Preservation of
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Tissue™ and US patent apphication number 16/939 889, also entitled “Wet Preservation of
Tissue,” both of which are incorporated by reference herein in their entireties.

[0047] As discussed above, the shape of holder 102 may help to contain medical
product{s} 104 in a given orientation {e.g., in a straight or linear configuration) for stability
over time and during sterilization {e.g., during wradiation, as discussed further below).
Holder 102 may have a small footprint relative to packaging system 100 to allow for one or
more Hauid tight containers {(e.g., inner tray 106} to be placed arocund holder 102, while
maintaining a relatively low volume of fluid 110 to be present to keep medical product(s) 104
subroerged and/or covered in fluid 110, Further, a smaller size of bolder 102 and inner tray
106 and less fluid 110 may reduce production costs. As mentioned previously. holder 102
mclades channels 122 to allow fluid 110 to interact with medical product{(s} 104 when
comtained within holder 102 and aliow for thaid 110 to flow from holder 102 efficiently upon
removal of holder 102 from mnner tray 106 when medical product{(s) 104 is being prepared for
ase, for example, in a medical procedure. Morcover, inner tray 106 and outer tray 108 may
help to catch or retain fhud 110 as holder 102 is removed from muer tray 106, For example,
fluid 110 may flow from holder 102 via channels 122, and may be retaimed within inner tray
106, or within outer tray 10¥ if inner tray 106 is positioned within outer tray 108,

[0048] One or more components of packaging system 100 may be formed of a plastic
material, for example, one or more of polypropyiene, high density polyethyiene,
polymethylpentone, polyethylene terephthalate glycol-modificd, fluorinated cthylene
propylene, etc. In some aspects, the plastic matenial may be formed of one or more
copolyesters, polymers, or other combinations of the aforementioned plastic matenals. The
plastic material selected may be compatible with one or more sterilization techniques, for
example, gamma sterilization, irradiation, or other suitable steribization techniques, soch that

packaging systern 100 and any contents {e.g., medical product{s} 104, flaid 110, etc.) may be
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steritized before, during, or after assembly of packaging system 100. For example, packaging
system 00, medical product(s) 104, and fluid 110 may be frozen {c.g., approximately -85°C)
and exposed to cold-chain garama trradiation.

[0049] In some aspects, one or more components of packaging system 100 may be
formed of a matenal that is impermeable to or impedes the flow of oxygen therethrough to
prevent o reduce the arnount of oxygen that nugrates mio the interior of packaging system
100 {c.g., mto cavity 118}, forming an oxygen barrier. Additionally, inner tray 106 and outer
tray 108 may form a two-level barnier for any potential contammants reaching medical
product(s) 104 and fhud 110. For example, vwer tray 106 may form a first barrier for any
potential contaminants reaching medical product{s) 104 and fhud 110, and outer tray 108,
when covered with the sealing material, may form a second barrier for any potential
contamsinants reaching medical product(s) 104 and fluid 110, In some cmbodiments, one or
mare components of packaging system 100 may be formed from a multi-layer plastic
material.

[0050] One or more components of packaging systern 100 may be thermoformed, for
example, formed by heating a plastic sheet to a pliable forming teraperature, molding the
heated sheet to the desired shape, and/or trimming the molded sheet to form the desired shape
of the component. Alternatively, one or mose components of packaging system 100 may be
formed by mjection molding. Furthermore, it is noted that one or more componends of
packaging systemm 100 may be formed of a different material or via a different formation
process than one or more other components of packaging svstem 100, Additionally, the
material(s} selected for various components of packaging system 100 may depend on the type
of thud 110 being used, and the tvpe of fluid 110 used may depend on the type of medical

product 104 being stored in packaging system 100, Furthermore, the material(s) selected for
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various components of packaging system 100 may be at least partially transparent, for
exanple, 1o allow for visualization of medical product(s) 102,

[0051] FIG. 4 is a flowchart of a method 400 for enclosing medical product 104 within
packaging system 100, First, method 400 inclades a step 402, in which one or more medical
product{s} is mserted into channel 118 of holder 102, Then, method 400 inchudes a step 404
that includes closing holder 102, As mentioned above, closing bolder 102 may include
bending holder 102 at joint 112 and bringing coupling end 114a of top portion 102a and
toward coupling end 114b of bottom portion 102b. Alternatively, as mentioned above, top
portion 102a and bottom portion 102b may be separate from one another (i.¢., bolder 102
may not mchade joint 112), and holder 102 may be closed by securing top portion 10Zato
bottom portion 102b.

[0052] Next, method 400 includes a step 406 that includes inserting holder 102 and
medical product{s} 104 into one portion of inner tray 106. As mentioned above, holder 102
and medical product(s} 104 may be inserted into pocket 130a of first portion 106a or info
pocket 130b of second portion 106b. Then, method 400 mncludes a step 408 that mchudes
delivering fluid 116 into the portion of inner tray 106, Fluid 110 may surround medical
product{s) 104, for example, by flowing throngh one or more channels 122 into cavity 118,
Next, method 400 inchudes a step 410 that includes coupling the other portion of mmer tray
106 to the one portion of inner tray 106. As mentioned above, step 410 may include aligning
and coupling interlocking portions 132a and 132b and mner tray coupling portions 134a and
134b.

30337 Then, method 400 includes a step 412, i which mner tray 106, holder 102, and
medical product{s) 104 arc mseried into outer tray 108, For example, a person assembling
packaging system 100 may manaally place inner tray 106, holder 102, and medical product{(s)

104 mnto outer tray 108, Alternatively, a machine {¢.g., robot} may be programmed or
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otherwise configured to perform one or more portions of method 400, for example, inserting
mner tray 106 and holder 102, and medical product{s} 102 into outer tray 108. Next, method
400 mcludes a step 414 that includes covering at least a portion of outer tray 108 with one or
more scaling materials. In some aspects, step 412 may be optional. For example, in some
aspects, packaging system 100 may include holder 102 and wner tray 106, and not outer tray
108, Accordingly, 1o these aspects, step 414 may be modified to include covering at least a
portion of inner tray 106 with one or more sealing materials. Additionally, although method
400 and the steps included therein are discussed as relating to packaging system 100, with
oner tray 106 and outer tray 108, method 400, or a portion of the steps of raethod 400, reay
be applicable to other containers discussed herein (e.g., aspects of packaging system 500,
aspects of packaging system, including vial 660, etc.}. Furthermore, it is noted that method
400 may also include an optional step of sterilizing packaging svstem 100, for example, by
exposing packaging system 100 fo teraperatures of about -85 degrees Celsius for cold-chain
gamma irradiation.

[0054] In one aspect, step 408 may melude delivering approximately 10 mL to
approximately 100 mL of fluid 110 to moer tray 106, The amount of fluid 110 delivered to
inner tray 106 may depend one or more of on the size of holder 102, medical product{s) 104,
or inner fray 106, In some aspects, if one or more of holder 102, medical product(s} 104, or
nner tray 106 is smaller, a lower volume of fhuid 110 may be delivered 1o inner tray 106,
Sinularly, if one or more of holder 102, medical product{(s} 104, or inner tray 106 is larger,
then a higher vohine of fhuid 110 may be delivered to mner tray 106. For example, in some
aspects, step 408 may include delivering approximately 45 ml to approximately 65 mL of
fluid 110 1o inver tray 106,

00557 In some aspects, one or both of nner tray 106 and outer tray 108 may help to

retain fluid 110 during opening of packaging system 100, which may reduce the amount of
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fhud 110 that may feak in a stenle field for a medical procedure, may allow for easier clean-
up and/or disposal, etc. Furthermore, when holder 102 and medical product 104 arc removed
from mner tray 106, chaanels 122 may allow for fluid 110 to drain out of holder 102 and into
mner tray 106, withowt otherwise disturbing (e.g., without moving, bending, ete.} medical
product 104,

[0056] Various aspects of the prescunt disclosure may help to contan fluid 110, and flwid
110 may help to preserve one or more medical products 104 over the shelf life of the medical
product. Packaging system 100 may also help to ensure that flaid 110 is always covering the
medical product, such that the medical product is not cxposed to air, which may damage the
medical product. For example, holder 102 may help to maintain the medical product in
substantially the same location within packaging svstem 100, Packaging system 100 may
help to allow for medical produci{s) 104 to be positioned in any orientation, for example,
during the storage, transportation, pre-operative handling, etc., while still maintaining a seal
to prevent liguid foss. Holder 102 may help to maintain the mechanical properties of medical
product{s) 104 throughout the shelf life of medical product(s) 104, for example, by keeping
medical product(s) 104 submerged or otherwise covered by fluid 110, Holder 102 may
facilitate removal of medical product(s) 104, for example, by retaming medical product{(s}
104 1 a specific configuration and/or providing access to medical product(s) 104 via
channels 122, For example, medical product{s) 104 may be retained n a lincar configuration,
and may be stertlized, for example, via gamma trradiation.

130371 Moreover, holder 102, along with inner tray 106 and outer tray 108, may help
maintain a stenile environment within packaging system 100, Furthenmore, the design of
holder 102 way allow a user {e.g., physician, ctc.} to remove holder 102 from the remaimnder
of packaging system 100, while also draining flaid 110 from around medical product{s) 104

{e.g., through chanuvels 122} when the user is preparing the medical product for use, for
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example, in an operating room setting. For example, floid 110 and/or a rinsing solution may
drain from holder 102, and may then be retained within 1nner tray 106 and/or outer tray 108,
Moreover, one or more of aner tray 106 and outer tray 108 may cach be designed to create a
radial force when closed {e.g., in a direction outward from holder 102} to promote
containment of fluid 110 within. Packaging system 100 may help to ensure that medical
product{s) 104 is covered in flurd 110, while also decreasing the necessary amount of thud
110 to submerge or otherwise covered medical product{s} 104, which may reduce the overall
cost and/or difficulty in assernbling packaging systern 100, as fhad 110 mav be expensive,
difficult to obtain, difficult to produce, cte.

[0058] FiGs. 5A and 5B illustrate an alternative example, according to the present
disclosure, with similar elements to packaging system 100, FIG. 5A illustrates a portion of
packaging systern 500 1o a partially assembled configuration, and FIG. 5B illustrates
packaging systera 300 in an unassembled configuration. Packaging svstem 500 includes a
holder 302 configured to hold one or more medical products 304, Packaging system 500 also
meludes an inner container, for example, a pouch 550, and an outer container, for example, a
tray 508. Holder 502 may be sinular to holder 102, as discussed above, and trav 508 may be
simnilar to outer tray 108, as discussed above. Additionally, as shown in FIG. 5B, packaging
system SO0 may inchide a cover 552.

[0059] As shown mn FIG. 5A, holder 502 may be positioned within pouch 550, and during
packaging, fluid 510 may be deliverad to pouch 550 to surround holder 302 and medical
product{s) 504. Pouch 530 may include a first end 550a and a second end 550b. For
example, first end 550a may be sealed, and second end 550b may imtially be open during
packaging. or vice versa, ot both ends may be open. Holder 502 and fluid 510 roay be
mserted within pouch 550 through the open end during packaging. The amount of floid 510

delivered to pouch 530 may be sufficient to substantially surround holder 502 within pouch
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550. Approximately 10 mL to approximately 100 mb of fluid 510, for example,
approximately 45mL to approxtmately 65 mL of fluid 510, may be delivered to pouch 550 to
cover holder 502, Then, the open end, in this case second end 350b, may be scaled to enclose
holder 502 and fluid 510. If both ends are initially open, one of the open ends may be scaled
before dehivery of fluid 510 to pouch 550, and the other end may be sealed after fluid 510 has
been dehivered to pouch 550, 1o this manner, pouch 550 may function sivularly to tnner tray
106 and contain fluid 510 around holder 502. Pouch 530 may be formed of a suitable plastic
material, for example, any of the matenials discussed above. One end of pouch 550 may be
pre-sealed, and another end of pouch 550 may be scaled atier holder 502 and thud 510 bave
been delivered to pouch 550. Additionally, as mentioned above, fluid 510 may not
completely fill poach 530, such that there s a small air bubble within sealed pouch 550,
which 1eay help to reduce a nisk of fluid 510 escaping from pouch 550 when opening pouch
550 to access holder 502, may help to reduce the risk of overfilling pouch 350, and/or may
help to accommodate expansion of fhad 510, for example, when frozen if/when exposed to
lower temperatures.

100601 As shown in FIG. 5B, pouch 530, with holder 502 and medical product(s) 504
contained within pouch 550, may be positioned within tray 508, for example, within a well
540. Then, as discussed above, tray 508 may be sealed. For example, tray 508 may nclude a
tray sealing portion 3534, which may inchide a scaling material {c g, an adhesive) or may be
configured to bind to a sealing material. Cover 552 may also include a sealing portion 556,
which may include a sealing material {e.g., an adhesive) or may be configured to bindto a
sealing material. Tn this aspect, cover 552 may be positioned over tray 508 such that sealing
portion 554 and scaling portion 556 are aligned with tray 508 is within cover 552, Although
not shown, tray 508 and cover 352 may tnclade one or more features discussed above, for

example, coupling portions 134a and 134b, notched portion 142, ete.
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[3061] One or both of scaling portion 554 and sealing portion 536 may include a sealing
material. For exanple, in one aspect, cover 552 may include an adhesive on scaling portion
5536, The adhesive may be applied by the user, may be uncovered by removing a removable
film, or may otherwise be coupled to and/or uncovered on cover 5§52, Additionally or
alternatively, an additional mechanism may be used to help couple cover 552 and tray 508
and torm a seal between cover 352 and tray 308, When cover 554 15 positioned over tray
508, tray S08 and cover 554 may seal pouch 550, holder 502, medical product{s) 504, and
Tiguid S0 within tray 508,

[0062] FIGs. 6A-6( illustrate another altcmative example, according to the present
disclosure, with similar elements to packaging system 100, FIG. 6A illustrates components
of a packaging system 600 in an unassembled configuration, and FIG. 6B illustrates
packaging systern 600 in a partially assembled configuration. Packaging systern 600 includes
a holder 602 configured to hold one or more medical products 604, FIG. 6A illustrates holder
602 in a closed configuration, and FIG. 6 illustrates holder 602 in an open configuration.
Packaging svstem 600 also includes an mner container, for example, a vial 660, configured to
hold bolder 602, Packaging svstem 600 may further include an ounter contatner, for example,
a shell 662, configured to hold vial 660. However, it is noted that, in some aspects,
packaging system 600 includes holder 602 and vial 660, but does not include shell 662.

(00631 Similar to holders 102 and 502, holder 602 may be formed by a top portion 602a
and a bottom portion 602b to form a cavity 618 configured to receive and enclose medical
product{s} 604. For example, as shown in FIG. 6C, top portion 602a may include a top cavity
618a, and bottom portion 602b may include a botiom cavity 618b to form cavity 618, The
width, length, and depth of cavity 618 may vary depending on the stze, shape, or other details
of medical product{s} 604. One or more of top portion 602a and bottom portion 602b may

melade side walls with one or more channels, as discussed above. The top and bottom
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porticns 602a and 602b may be separate portions, or may be coupled at a joint 612, which
may nclude a taper or narrowed width or thickness in some crmbodiments. For example,
joint 612 may include a coined hinge, as discussed above. Holder 602 may also include one
or more coupling portions 616, as discussed above, for example, with cach coupling portion
616 meluding one or more holes, openings, or indents 616a, for example, m top portion 602a
and one or roote pegs or projections 616b, for example, in bottom portion 602b, as shown in
FiG. 6C. Additionally, as shown in FIGs. 6A holder 602 may include one or more central
coupling portions 616¢, for example, four couphng portions 616¢, formed by projection and
recess {¢.g., peg/hole) arrangoments, which foum a friction fit, a press £it, a snap fit, ¢tc.
order to form a releasable securing mechanism, as discussed in detail above with respect to
FiGs. 3A-3E. For example, the central coupling portions 616¢ may be formed by one or
mare holes, opemings, or indents 6164, for example, in top portion 602a and one or more pegs
or projections 616¢, for cxample, in bottom portion 602b, as shown in FIG. 6C.

[0064] Moreover, as shown in FIG. 6A, holder 602 may include an access tab 614a ata
coupling end 614, For example, one of the top and bottom portions (FIGs. 3A-3E and 6C)
may include a wider portion than the other of the top and bottom portions to form access tab
614a, which may help the user manipulate holder 602 (¢.g., open holder 602 by separating the
top and botiom portions). In another aspect, although not shown, coupling end 614 of the top
portion may extend farther in a first direction, ¢.g., a lateral direction, than coupling end 614
of the bottom portion, or vice versa. This relatively farther extension of the top or bottom
portion of coupling end 614 may form a first access tab 614a, and coupling end 614 of the
bottom portion may extend farther in a second lateral direction than coupling end 614 of the
top portion to form a sccond access tab 614a. Additionally, although not shown, aspects of
holder 602 {(e.g., access tab 614a) may be included in holder 102, holder 502, and/or other

components of packaging systems 100, 500, 600.
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[3063] Vial 660 mchudes a vial cavity 664. For example, once medical product(s) 604
has been posttioned within bolder 602, holder 602 and medical product{s) 604 may be
inserted mto vial cavity 664 of vial 660. As shown in FIG. 6A, a bottom portion of vial
cavity 664 may include a tapered or narrowed portion 6603, for example, configured to
receive a portion of joint 612 of holder 602, which may help retamm and/or fix holder 602
withun vial cavity 664. Maorcover, vial 660 includes a cap 660b, which ray be removed for
delivery of holder 602 and medical prodact(s) 604. Cap 660b may be a serew-cap, stopper,
or other device configured to selectively seal vial 660. For example, vial 660 may include a
threading 660c, and cap 660b roay include a corresponding mner threading (not shown). Vial
660 and cap 660b may form a liquid-tight container for a liquid {e.g., fluid 110} tc help
prevent loss of the fluid through leaks, evaporation, cte. Vial 660, with holder 662 within
vial 660, may help to ensure that medical product{(s) 604 arc submerged 1o a preservation
sohution {e.g., fluid 110} regardiess of the orientation of packaging system 600. The inner
dimenstons of vial 660 may approximate the outer dimensions of holder 602, for example, to
reduce the necessary volame of fluid, reduce the movement of holder 602, help to ensure
medical product(s) 604 rcmains submerged in tluid, ete. In this aspect, vial 660 may include
a non-circular cross-section {either outer circumference or inner circumference} to reduce the
amount of fhud necessary to fill vial 660 and submerge medical product(s) 604. Vial 660
may also include one or more indications 666, for example, to indicate a volume of hiquud
{c.g., fhud 110} within vial 660. Iu this manner, vial 660 may function similarly to fnner tray
106 and pouch 350 and contain fhad around holder 602, For example, as mentioned above,
the fhud may not completely fill vial 660, such that there 15 a small air bubble within sealed
vial 660, which may help to reduce a risk of the fluid escaping from vial 560 when opening

vial 660 1o aceess holder 602, to redace the risk of overfilling, and/or may help to
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accommodate expansion of the fluid, for example, if/when frozen during exposare to lower
temperatures.

[0066] Furthermore, vial 660 may include one or more retention features 660d, for
example, inner projections or fins that project inward into vial cavity 664, which may help to
prevent and/or reduce movement {e.g., rotation) of holder 602 within vial 660 and to ensure
that medical produci(s) 604 1s visible, for example, for irradiation or user inspection.
Retention featores 660d may be molded or otherwise formed during the formation of vial
660, added after the formation of vial 660, etc. In one aspect, retention features 660d may
include one or more refention features 6604 at a top portion of vial 660 and one or more
retention features 660d at a bottom portion of vial 660, In this aspect, retention feature(s}
660d at the top portion of vial 660 may be spaced away from threading 660¢ by, for example,
about 1-3 mm, or about 2 mm, which may belp allow for vial 660 to be formed via molding.
The opening of vial 660 may be wide enough to receive holder 602 and to allow for removal
of holder 602 with the user’s finger, forceps, etc. Moreover, cap 660b and/or one or more
portions of vial 660 may mclude one or more surface features {(e.g., bunmps, grooves, etc.)
and/or one or more shapes {¢.g., octagonal flats}, which may help to inhibit vial 660 from
rolling in case vial 660 tips over and/or is oriented horizontally on a surface. For examapie,
cap 660b may inchide one or more projections or bumps 660, which may help to prevent
vial 660 from rolling when placed horizontally on a surface and/or to help the user grip cap
660b, for example, when opening vial 660 to access holder 602, Alternatively or
additionally, one or more portions of vial 660, for example, a bottom portion, may mclade
flat surfaces 660f. For example, the bottom portion of vial 660 may include an octagonal
bottom with eight flat surtaces 660f, which may help to prevent vial 660 from rolling when
placed honzontally on a surface and/or help the user grip vial 660, for example, when

removing cap 660b. In one aspect, vial 660 may include an induction seal, for exampie,

31



WO 2022/103557 PCT/US2021/055713

undereath cap 660b, which may help to provide an additional sterile barrier. Additionally or
altematively, vial 660 may include a non-circular inmer cross-section, which may reduce the
amount of fluid {e.g., fluid 110) required to fill vial 660, while still accommodating holder
62, and/or help to retain holder 602 in a certain configaration within vial 660,

100677 Shell 662 includes a shell well 688, which may be configured to receive vial 660,
Shell 662 may help to prevent damage to vial 660, cap 660b, holder 602, and medical

o cte. Shell well 688

=2

product{s} 604 dunng storage, transportation, pre-operative handlin
may include one or more slots 670 configured to receive vial 660. Shell well 688 may also
be used as a basin to receive holder 602 and medical product{s) 604 during a rinsing step.
For example, in preparation for using medical product{s) 604 {e.g., for implantation}, holder
602 and medical product{s) 604 may be removed from vial 660, and may be positioned
withun shell well 688 and rinsed with a rinsing solution. Shell well 688 may help to retain the
rinsing solution and/or any liquids, solids {e.g., debrig), etc. that are rinsed off medical
product{s} 604. Farthermore, although not shown, shell well 688 may mclude one or more
fill Iines or other switable 1ndicia, for example, to help the user rinse medical product(s) 6064.
It is noted that the sizes of one or more of holder 562, vial 660, or shell 662 may be any
appropriate size and/or thickness. For example, as discussed above, the size and/or shape of
holder 602 may or may not correspond to the size and/or shape of medical product{s) 604.
Additionally, the size and/or shape of vial 560 may or may vot correspond to the size and/or
shape of holder 602, and the size and/or shape of shell 662 may or may not correspond to the
size and/or shape of vial 660.

[0068] Additionally, shell well 688 may include one or more projecting portions 672a,
672b, 672¢, which may be connected by relatively narmrower or shallower slots 670.
Projecting portions 672a, 672b, 672¢ and slots 670 may help to secure vial 660 within shell

662. Projecting portions 672a, 672b, 672¢ may also help to lessen impacts on vial 660 within
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shell 662, for example, by providing open portions of shell well 688 between the exterior of
shell 662 and vial 660. In one aspect, projecting portions 672a, 672b, 672¢ may be
posttioned at the end portions and a central portion of shell well 688, Shell 662 may further
wmclade one or more notched portions or tabs 674 (e.g., stmalar to notched portions 142},
which may help a user grip shell 662 or otherwise manipulate {e.g., open} shell 662. Notched
portion{s} 674 or tabs may extend away at an angle (¢.g., between approximately 180 and 0
degress, between approximaiely 135 degrees, approximately 90 degrees, approximately 45
degrees, approximately 30 degrees, approximately 15 degrees, ete.) from the remainder of
shell 662, Morcover, n some aspects, notched portion(s) 674 or tabs may extend away at an
angle greater than 180 degrees from the remainder of shell 662 before or after being
manipulated by a user, for example, when opening shell 662, Additionally, although not
shown, a cover or scaling material may be included around a periphery of shell well 688 to
seal shell well 688, The cover or sealing material may not be coupled to notched portion{s)
or tabs 674, which may help the user to separate the cover or sealing material from shell 662
when opening packaging system 600, For example, a foil-polvurethane cover may be
positioned over shell well 688, Alternatively or additionally, a cover, seal, or pouch may be
positioned around the entirety of shell 662, In these aspects, the cover may help to form a
sterile barrier around or within shell 662, which may help to facilitate the safe storage,
transportation, pre-operative handling, etc. of packaging systern 600, ez, sinularly to cover
552 m FIG. 5B, Furthermore, although not shown, shell 662 may include one or more
coupling portions 134a and 134b, as discussed with respect to FIGs. 1 and 2, or sealing
portions 354 and 556, as discussed with respect to Flls. 3A and 3B, for example, to help
couple the covering to shell 662, To one example, shell 662 may include a svap-ov fid to
enclose vial 660 within shell 662. In another example, shell 662 may be sealed to enclose

vial 660, holder 602, and medical product(s) 604, and then packaging system 600 may be
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placed within a poach and sealed. In vet another example, shell 662 may be replaced by a
pouch or other outer container to help form a sterile barrier around vial 560,

100691 Although not shown, one or more components of packaging systems 100, 500,
and 600 may include a space for or may inclade one or more markings, for example, printed,
debossed, embossed, imprnted, or otherwise formed on the component. For example, the
oune or more markings may identify one or more roedical product(s) 104, 504, and 604 or
otherwise provide mfonmation {¢.g., packaging data, expiration date, compatibility factors,
storage instructions, etc.} to the user.

10070} Sivular to packagiog system 100, packaging systeras 500 and 600 may help to
retain one or more medical products in a cortain orientation and may help to ensure that the
one or more medical products are submerged or otherwise coverad in a flaid, for example, to
help preserve the one or more medical products during packaging, storage, transportation,
pre-operative handling, etc. Moreover, packaging systems 500 and 600 may help to scal the
one or more medical products and fluid within a sterile field. Packaging systems 500 and 600
may help to retain the thud doring the opening packaging systems 500 and 600, and may also
help to retain the fluid during usage of the one or more medical products in a medical
procedure.

160717 Various aspects discussed herein, for example, packaging systems 100, 500, and
600, may facilitate retention of one or more medical products i a desired orientation {e.g.,
lincar). For example, it depending on the medical product contained, it may be desirable to
prevent the medical prodact from bending back on itself, from balling up, from carling, from
becoming misshaped, ete. Additionally, vanious aspects discussed herein, for example,
packaging systems 100, 500, and 600, may promote retention of a thuid (e.g., fluid 110}
within the packaging system, even when exposed to varying temperatures. Moreover,

various aspects discussed herein, for example, packaging systems 100, 500, and 600, may
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facilitate retention of the fluid such that the fhud surrounds the one or more medical products,
regardless of the orientation of the packaging system. Various aspects discussed herein, for
example, packaging systems 100, 500, and 600 (and the fluid retained within) may be
designed to withstand varying temperatures and temperature shifts, for example, from room
temperature o -85 degrees Celsius and back to room temperature, and/or o colder or warmer
temperatures. Additionally, various aspects discussed heremn, for example, packaging
systems 100, 500, and 600, may be at least partially transparent, for example, to allow fora
user to visualize the one or more medical products retained within, Furthermore, various
aspects discussed herein, for example, packaging svstems 100, 300, and 600, may promote
retention of fluid (¢.g., fluid 110 or a rinsing solution} when one or more portions of the
packaging system are opened and/or when the retained medical produocts are treated and/or
reruoved.

(00721 Other embodiments of the present disclosure will be apparent to those skilled in
the art from consideration of the specification and practice of the embodiments disclosed
herein. While certain features of the present disclosure are discussed within the context of
excrplary systers, devices, and methods, the disclosure ts not so linuted and includes
altematives and variations of the examples herein according to the general principles
disclosed. It is intended that the specification and examples be considered as exemplary only,

with a true scope and spirit of the present disclosure being indicated by the following claims.
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What is claimed 1s:

1. A packaging systom, comprising.

a holder, inchuding a top portion and a3 bottom portion that cooperate to form a cavity
configured to receive one or more medical products therein and to retan the one or more
medical products theremn; and

an inner container, wherein the inner container defines an interior region configured
to receive the holder theren,

wherein the holder includes sidewalls that form the cavity, and whercin the sidewalls
include channels configured to fluidly connect the cavity to the interior region of the inner

container.

2. The packaging system of claim 1, wherein the mner container includes an
mner tray that mclades a first portion and a second portion, wherein the first portion and the

second portion each include an interlocking portion that forms a seal when coupled together.

43

The packaging system of claim 1, further comprising:
an outer contamer, wherein the outer container includes a well configured to receive

the inner contaner thereun.

4. The packaging system of claim 1, wherein the channels are formed by

extensions and indentations n the sidewalls.

5. The packaging svstem of claim 4, wherein the extensions and indentations in

the sidewalls are rounded.
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6. The packaging system of claim 1, wherein at least one of the holder, the tnner

containct, or the outer container is formed of a plastic material and/or via thermoforming.

7. The packaging system of claim I, wherein the mner container 1s a vial.
8. The packaging system of claim 7, wherein the vial includes one or more

retention features that project inward into the vial and are dimensioned to constram

movement of the holder when recetved within the vial.

9. The packaging system of ¢laim 7, wherein the vial includes one or more

surface foatures contigured to inhibit rolling of the vial when placed on a surface.

10.  The packaging system of claim 1, further comprising a fluid configured to

preserve one or more medical products within the cavity of the holder.

11, A method of packaging onc or more medical products, the method comprising:

mserting a medical product within a cavity of a holder;

closing the holder to enclose the medical product;

mserting the holder and the medical product into one portion of an inner container;

delivering a liquid into the one portion of the inner container;

coupling another portion of the inner container to the one portion of the inner
container to cnclose the holder and the medical product within the ner container;

mserting the inner container, the holder, and the medical product into an outer

gontainer; and
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covering a portion of the outer container with a sealing material.

12, The method of claim 11, wherein closing the holder includes coupling a
coupling portion on a bottom portion of the holder to a coupling portion on a top portion of

the holder to enclose the medical product within the cavity of the holder.

13, The method of claim 11, wherein covering the portion of the outer container

with the sealing matenial includes formuing a Tyvek seal over the outer container,

14, The method of claim 11, wherein the medical product includes one or more of
anerve tissue, a vein graft, a vascular tissue, an urological tissue, a tendon, or a muscle

1issuec.

15.  The method of claim 11, wherein the liguid inchdes a solution including
about 2% to about 13% by volume dimethyt sulfoxide (DMSO), and one or more monovalent

and/or divalent metal cations.

16. A method of storing one or more medical products, comprising:
packaging the one or more medical products according to the method of claim 11; and

storing the one or more packaged medical products.

17. The method of claim 16, further comprising:

exposing the one or more packaged medical producis to a temperature of

approximately -85 degrees Celsius.
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18.  The method of claim 17, wherein storing the one or more packaged medical
products includes exposing the one or more medical products 1o a temperature of about 15

degrees Celsius to about 30 degrees Celsius.

19, A holder for one or more medical products, comprising:

a top portion; and

a bottom portion pivotably connected to the top portion via a joit,

wherein the top and bottom portions cooperate o form a cavity configured to hold one
or more medical products therein, wherein the cavity s fluidly connected to an exicrior of the
holder,

wherein one or both of the top portion or the bottom portion inclade sidewalls that
form the cavity, and

wherein the sidewalls include a plurality of channels to fluidly connect the cavity to
the exterior of the holder, and wherein the channels through the sidewalls are formed by

rounded extensions and mdentations 1 the sidewalls.

20, The holder of claim 19, wherein the top portion and the botton: portion cach
mnclude a coupling portion configured to secure the holder in a closed configuration when
mated together, wherein the coupling portion of the top portion includes etthera hole ora
peg, and wherein the coupling portion of the bottom portion includes either the peg or the

hole configured to mate with the peg or the hole of the top portion.

21, The bolder of claim 19, wherein the top pottion and the bottom porfion are

formed of plastic and shaped via thermoforming.
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22, A packaging system, comprising;
the holder of claim 19; and

avial.

23, The packaging system of claim 22, wherein the vial mcludes one or more
retention features that project inward ko the vial and are dimensioned fo constrain

movement of the holder when recetved within the vial.

24, 'The packagiog system of claim 23, wherem the vial includes one or more

surface features configured to inhibit rolling of the vial when placed on a surface.

25, The packaging system of claim 22, further comprising a fluid configured fo

preserve ong or more medical products contained within the cavity of the holder.

26.  The packaging system of claim 22, wheremn the vial is at least partially
transparent and ts formed of anc or more of polypropylene, high density polyethyiene,
polymethylpentene, polyethylene terephthalate glycol-modified, or fluorinated cthylene

propylene.

27, The packaging system of claim 26, wherein the vial is configured to withstand

temperatures ranging from about -85 degrees Celsius to about SO degrees Celsius.
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