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TAMPER-EVIDENT CLOSURE

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Patent Application No. 15/892,181

filed February 8, 2018, which is incorporated by reference herein in its entirety.

TECHNICAL FIELD

[0002] The present disclosure generally relates to tamper detection devices, and,

more particularly, to tamper-evident closure assemblies for medical devices.

BACKGROUND

[0003] Many industrial applications require mechanisms that prevent tampering
with a particular product. This is especially the case in the medical profession, where it is
important for medical staff and patients to be aware of any tampering to a medical device or
substance. Existing technology for detecting and preventing tampering is often cumbersome,
difficult to use, increases risks of injury to the user, and increases the chance of
contamination of the patient or of the medical environment. Therefore, there is a need for
improved systems and devices for detecting tampering with a device in a safe and efficient

manner.

SUMMARY

[0004] Devices and methods for tamper-evident closure assemblies are disclosed.
In one embodiment, a tamper-evident closure assembly for use with a medical device
includes a connector having a proximal end that defines a connection interface thereon, a
tamper element removably affixed to the connector, and a cap having an interior surface
defining a receptacle such that a portion of the connector is within the receptacle. The cap is
configured to engage with the tamper element, and the tamper element is configured to be
separated from the connector upon application of a removal force. Upon application of the
removal force, the tamper element is separated from the connector and is retained within the
receptacle of the cap. The connector is then removable from the receptacle.

[0005] In another embodiment, a kit for a tamper-evident closure assembly includes
a cap having an interior surface defining a receptacle, a tamper element configured to engage
with the cap within the receptacle, and a housing configured to receive the cap. The cap is

removably secured to the housing.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The present application is further understood when read in conjunction with
the appended drawings. For the purpose of illustrating the subject matter, there are shown in
the drawings exemplary embodiments of the subject matter; however, the presently disclosed
subject matter is not limited to the specific methods, devices, and systems disclosed. In the
drawings:

[0007] Fig. 1 illustrates an exploded isometric view of a tamper-evident closure
assembly according to an embodiment;

[0008] Fig. 2 illustrates an isometric view of a connector and tamper element
according to an embodiment;

[0009] Fig. 3 illustrates an isometric view from another angle of the connector and
tamper element of Fig. 2;

[0010] Fig. 4 illustrates a cross-sectional view of a cap according to an embodiment;

[0011] Fig. 5 illustrates a cross-sectional view of the tamper-evident closure
assembly of Fig. 1;

[0012] Fig. 6 illustrates an isometric view of a cap with a tamper element according
to an embodiment;

[0013] Fig. 7 illustrates an isometric view of a system with a tamper-evident closure
assembly according to an embodiment;

[0014] Fig. 8 illustrates an isometric view of a kit with a tamper-evident closure
assembly according to an embodiment;

[0015] Fig. 9illustrates an isometric view of a housing according to an
embodiment;

[0016] Fig. 10 illustrates; a top perspective view of a portion of the housing of Fig.
9; and

[0017] Fig. 11 illustrates an isometric view of a cap according to an embodiment.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0018] Systems and methods are disclosed for providing tamper-evident closure
assemblies for medical devices. The tamper-evident assembly includes a connector with
which the assembly connects to a medical device and a tamper-evidence mechanism that
informs the user of tampering. Once tampering has been identified, the user may take

appropriate steps to remedy the problem.
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[0019] In some exemplary embodiments, the tamper-evident assemblies are
disclosed for use with medical devices, but it will be understood that such assemblies can be
used in other, non-medical environments. Referring to Figs. 1-6, a tamper-evident assembly
100 is depicted and includes a connector 110 and a cap 150. The connector 110 has a distal
end 111 and proximal end 112 opposite the distal end 111. The proximal end 112 defines a
connection interface 113 that removably connects to an external tool, for example a medical
device. In some embodiments, the connector 110 may be substantially cylindrical, but it will
be understood that the specific shape of the connector 110 is not limited by this disclosure.

[0020] A tamper element 120 is affixed to the connector 110. The tamper element
120 serves to indicate that the cap 150 has been removed from the connector 110, and that the
connector 110 may have been accessed. The tamper element 120 is removably attached to
the body of the connector 110 and may comprise an integral piece with the connector 110.
Referring to Figs 1-3, the tamper element 120 may have a substantially round shape and may
be formed as a ring having an interior surface 121a defining an inner diameter and an exterior
surface 121b defining an outer diameter.

[0021] The tamper element 120 may be attached to the connector 110 via one or
more protrusions 122 extending from the tamper element 120 to the body of the connector
110. The protrusions 122 define a gap 124 in the space between the connector 110 and the
tamper element 120. Referring to the exemplary embodiment of Figs. 1-3, three protrusions
122 may extend from the interior surface 121a of the ring-shaped tamper element 120 to the
connector 110. In some embodiments, the protrusions 122 may extend from a different
portion of the tamper element 120, for example, from the exterior surface 121b of the ring,
from a top surface 121c¢, and/or from a bottom surface 121d. Although Figs. 1-3 depict an
embodiment having three protrusions 122, it will be understood that the tamper element 120
may include a different number of protrusions, for example, 1, 2...., 8, or another suitable
number of protrusions 122.

[0022] In some embodiments, the connector 110 includes one or more scallops or
grooves 118 configured to receive the one or more protrusions 122. The grooves 118
preclude any sharp edges from broken pieces of the connector or tamper element to extend
beyond the outer diameter of the connector 110. This increases safety and improves handling
and disposing the device.

[0023] In alternative embodiments, the tamper element 120 may be affixed to the

connector 110 without protrusions 122 or a gap 124.
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[0024] The connector 110 with the attached tamper element 120 may be inserted
into the cap 150 along an insertion axis A. Referring to Figs. 1-6, the cap 150 includes an
exterior surface 151 and an interior surface 152 that defines a receptacle 154. The receptacle
154 is configured to receive the connector 110 and the tamper element 120. In some
embodiments, the entirety of the tamper element 120 and at least a portion of the connector
110 are within the receptacle 154. The cap 150 is configured to receive and retain the tamper
element 120 such that, once inserted, the tamper element 120 cannot be removed from the
receptacle 154.

[0025] The receptacle 154 includes an unlocked portion 154a and a locked portion
154b. The tamper element 120 may freely move within the unlocked portion 154a. Once the
tamper element 120 passes into the locked portion 154b, the tamper element 120 is retained
within the locked portion 154b such that it cannot be removed.

[0026] Referring to Figs. 4-6, the cap 150 may include one or more retention
members 156 to engage the tamper element 120. The retention members 156 may define the
transition between the unlocked portion 154a and the locked portion 154b. Each retention
member 156 may include a sloped surface 158 disposed within the unlocked portion 154a and
a retention surface 160 in the locked portion 154b. It will be understood that the cap 150 is
not limited to having a particular number of retention members and may include, for
example, 1, 2,..., 8, or another quantity of retention members 156.

[0027] The tamper element 120 may slidably contact the sloped surface 158 when
inserted into the receptacle 154. In some embodiments, the exterior surface 121b of the
tamper element 120 may be tapered to correspond to the sloped surface 158 to facilitate
insertion into the cap 150. As the tamper element 120 moves into the locked portion 154b,
the retention surface 160 may contact the top surface 121c¢ of the tamper element 120 such
that the tamper element 120 cannot move back into the unlocked portion 154a. In such
embodiments, the tamper element 120 may be configured such that once it moves in a first
insertion direction where that the top surface 121c¢ passes over the retention surface 160, the
tamper element 120 can no longer be moved in the opposite direction out of the locked
portion 154b.

[0028] To access the connector 110 when the connector 110 and the tamper element
120 are within the receptacle 154, the connector 110 may be forcefully separated from the
tamper element 120 and removed from within the cap 150. Once separated, the connector

110 and tamper element 120 are not configured to be reattached. In some embodiments, the
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connector 110 may lack a means of being retained within the cap 150 when it is separated
from the tamper element 120.

[0029] When separated from the tamper element 120, the connector 110 is
removable from the cap 150 and can be accessed by a user. The connector 110 can be
removed by hand or engaged with an external tool, another connector, or a medical device.
The connector 110 separate from the tamper element 120 indicates that the connector 110
may have been removed from the cap, accessed, or tampered with.

[0030] The tamper element 120 is configured to be removed from the connector 110
upon application of sufficient force. When the tamper element 120 is retained within the
locked portion 154b, the cap 150 and the connector 110 cannot be easily separated. If a
sufficient removal force is applied to either the cap 150 or the connector 110 to withdraw the
connector 110 from within the receptacle 154, the tamper element 120 may separate from the
connector 110 and remain within the cap 150. The connector 110 is then separated and
removable from the cap 150.

[0031] In embodiments having one or more protrusions 122, each protrusion 122
may break so as to separate the tamper element 120 from the connector 110. Alternatively, if
the tamper element 120 is affixed to the connector 110 directly without protrusions 122, the
tamper element 120 may break off from the connector 110 at the connection interface upon
application of the removal force.

[0032] While this disclosure is not limited to any particular amount of removal
force, it will be understood that disengaging the tamper element 120 from the connector 110
can be done without external tools and by an average user. Suitable force, for example, may
include between about 1 and about 5 1bf, between about 2 and about 4 pound-force, between
about 2.5 and about 3 Ibf, or combinations of the above. In some embodiments, for example,
an average user may be able to exert enough force with a single hand. Force may be applied
along the insertion axis A of the connector 110 and tamper element 120 into the cap 150. In
some embodiments, force may also be applied rotationally around the insertion axis A or at
an angle to the insertion axis A. The removal force may be applied to the connector 110, the
tamper element 120, and/or the cap 150. In some embodiments, force may be applied to an
external tool fixedly connected to one or more of the above components.

[0033] Referring again to Figs. 4-6, in some embodiments, the cap 150 may include
one or more projections 162 within the receptacle 154. When the tamper element 120 is
within the locked portion 154b, the projections 162 may engage the bottom surface 121d of

the tamper element 120 to maintain the tamper element 120 in substantially the same
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horizontal plane defined by the top or bottom surfaces 121¢, 121d. The projections 162
prevent the tamper element 120 from twisting and falling out of the cap 150 when the tamper
element 120 is separated from the connector 110. In some embodiments, the cap 150 may
include one projection 162 that extends around the perimeter of the interior surface 152.
Alternatively, the cap 150 may include 2, 3,..., 8, or another suitable number of projections
162.

[0034] The distance between the projection 162 and the retention surface 160 may
be equal to or greater than the thickness of the tamper element 120, measured, for example,
from the top surface 121c to the bottom surface 121d. In some embodiments, the distance
between the retention surface 160 and the projection 162 may be greater than the thickness of
the tamper element 120 to provide tolerance for the tamper element 120 to enter the locked
portion 154b. The greater space allows for the tamper element 120 to move into the locked
portion 154b without unnecessary friction or resistance, which could otherwise contribute to
inadvertent or premature separation of the tamper element 120 from the connector 110.

[0035] In some embodiments, the cap 150 may have no projections 162, and the
tamper element 120 may be retained between the retention surface 160 and the interior
surface 152 without use of a projection 162.

[0036] In some embodiments, the cap 150 may further include a post 166 disposed
within the receptacle 154. Referring to the exemplary embodiments of Figs. 4-6, the post 166
may be substantially cylindrical and attached to the interior surface 152 of the cap 150. The
post 166 is configured to engage with the connector 110 when the connector 110 is inserted
into the receptacle 154. In some embodiments, the post 166 may contact the distal end 111 of
the connector 110. The post 166 may keep the connector 110 aligned with the insertion axis
A when the connector 110 is within the cap 150 such that the connector 110 does not slide,
rotate, or translate in an undesired manner. This may improve rigidity of the assembly and
decrease instances of inadvertent disengagement, crimping of components, or damage to one
or more components in the assembly or attached thereto.

[0037] The tamper element 120 separated from the connector 110 may be readily
detected by a user. In some embodiments, the tamper element 120 may be visible and
visually discernable from the interior of the cap 150 from at least one viewing angle.
Referring to the exemplary embodiment of Fig. 6, the tamper element 120 may be visible by
looking into the receptacle 154 from the opening through which the connector 110 was

inserted and removed. In another embodiment, one or more additional openings (not shown)
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may be present on the cap 150 such that the tamper element 120 is visible through the one or
more additional openings.

[0038] In another embodiment, the tamper element 120 may be physically
discernable by touch. One or more portions of the tamper element 120 may be configured to
extend through and beyond the surface of the cap 150, such that a user may tactilely feel the
extension when the tamper element 120 is within the receptacle 154. In some embodiments,
one or more portions of the tamper element 120 may have a surface with a texture that is
different from that of the cap 150 such that a user can feel the different texture of the tamper
element 120 when it is held in the receptacle 154.

[0039] In some embodiments, the tamper-evident assembly 100 may include an
indicator (not shown) that provides a signal to a user that the tamper element 120 is retained
within the cap 150. The indicator may be a physical indicator, for example, a switch
configured to be in a first position when the tamper element 120 is not in the receptacle 154
and in a second position when the tamper element 120 is in the receptacle 154.

[0040] It will be understood that this disclosure does not limit the specific
dimensions of the connector 110, cap 150, tamper element 120, or other components of the
tamper-evident assembly 100. In some embodiments, the tamper element 120 may be within
the locked portion 154b when the tamper element 120 is substantially centered in the cap 150
along the insertion axis A. In alternative embodiments, the cap 150, the tamper element 120,
and the connector 110 may be designed and manufactured such that the locked portion 154b
is disposed closer to one end of the cap 150 than to another end, such that the tamper element
120 can be engaged closer to one end than another. Such embodiments may improve stability
of the interacting components and decrease the risk of inadvertent disengagement or damage
to one or more components of the tamper-evident assembly.

[0041] In another embodiment, the locked portion 154b may be disposed near the
center of the cap 150 along the insertion axis A such that the tamper element 120 is engaged
at the approximate center of the cap 150. It will be understood that various components
described throughout this application may also be designed and manufactured to have
corresponding shapes and dimensions to provide suitable functionality in the various
embodiments above. For example, the post 166 may be designed to be shorter or longer
depending on whether the locked portion 154b is closer to one end of the cap 150 or to
another end.

[0042] The tamper-evident assembly 100 may be used with various devices, for

example medical devices. Suitable medical devices may include, but are not limited to,
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syringes, bottles, tubes, or other medical devices that may benefit from a closure assembly
that indicates prior tampering, or attempted tampering, with the assembly or the medical
device. Referring to the illustrative embodiment of a system 300 in Fig. 7, the tamper-
evident assembly 100 may be fixedly attached to a syringe 301.

[0043] The tamper-evident assembly 100 may be manufactured, sold, and
distributed as a stand-alone component that can be adapted to a desired use or device.
Alternatively, the tamper-evident assembly 100 may be manufactured, sold, and distributed
affixed to a desired device and intended for a specific use. Referring again to Fig. 7, the
system 300 may be sold as an individual unit including the tamper-evident assembly 100
fixedly attached to the syringe 301. The syringe 301 may be prefilled with a desired
medicinal substance before distribution. Distributing a prefilled syringe 301 with an attached
tamper-evident assembly 100 can help the end user discern between a syringe 301 that has
not been tampered with and one that may have been tampered with or otherwise accessed in
the time between being filled and reaching the user.

[0044] It will be understood that the tamper-evident assembly 100 may be attached
to a desired device in a variety of ways, and that this disclosure is not limited to a particular
method of connecting the tamper-evident assembly 100 to a device. Referring once more to
Figs. 1-6, the connector 110 may include a connection interface 113 at the proximal end 112.
The connection interface 113 may attach to an external device or tool via a known connection
method, such as via snap fitting, friction fitting, threading, or another suitable connection
method. Referring to the exemplary embodiment of Figs. 2 and 3, the connection interface
113 may include threads 116 configured to engage with corresponding threads (not shown)
on an external tool.

[0045] In some embodiments, when the connector 110 is attached to the tamper
element 120 and is within the receptacle 154, the connection interface 113 is also within the
receptacle 154. This placement may be advantageous because the connection interface 113
cannot be readily accessed without at least partially removing the connector 110 from the cap
150, thus separating the connector 110 from the tamper element 120. This may be
advantageous by ensuring that the connected device, for example a prefilled syringe, has not
been accessed after being connected to the tamper-evident assembly 100.

[0046] The tamper-evident assembly 100 may be manufactured and distributed with
the connector 110 and tamper element 120 being separate from the cap 150. In such
embodiments, a user may attach the connector 110 to an external tool or device, for example

a syringe, and then insert the connector 110 with the tamper element 120 into the cap.
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Alternatively, the user may engage the tamper element 120 on the connector 110 with the cap
150 prior to affixing the assembly to the external device or tool.

[0047] In another embodiment, the tamper-evident assembly 100 may be
manufactured and distributed with the connector 110 and tamper element 120 already
inserted into and engaged with the cap 150. The user may affix the assembly 100 with the
external device or tool.

[0048] Referring again to Figs. 4-6, the cap 150 may be designed to communicate
with the connector 110 in such a manner that the cap 150 and the connector 110 are rotated to
engage the tamper-evident assembly 100 with the external device or tool. As shown in Figs.
4-6, the cap may include a first ratcheting ramp 164 defined by the interior surface 152. It
will be understood that any suitable number of first ratcheting ramps 164 could be present,
for example, 1, 2, 3, 4, or another acceptable number.

[0049] The connector 110 may include a second ratcheting ramp 114 that is
configured to engage with the first ratcheting ramp 164. The connector 110 may include 1, 2,
3, 4, or any other suitable number of second ratcheting ramps 114. In some embodiments, the
number of first ratcheting ramps 164 is equal to the number of second ratcheting ramps 114,

[0050] To engage the tamper-evident assembly 100 with an external device, an
attachment force may be applied to one or more components of the assembly or to the
external device. In some embodiments where the connector 110 is configured to threadably
engage with a corresponding threaded interface (not shown) of the external device, one or
more components of the tamper-evident assembly 100 may be rotated to actuate said
engagement. In such embodiments, when the cap 150 is rotated in a first direction (e.g.,
clockwise around the insertion axis A), the first ratcheting ramp 164 disposed on the cap 150
also moves and forcibly contacts the second ratcheting ramp 114. As force is exerted on the
second ratcheting ramp 114 that is fixedly disposed on the connector 110, the connector 110
also rotates in the same first direction (e.g., clockwise around the insertion axis A), and the
connection interface 113 engages with the external device. When the cap 150 is rotated in a
second direction opposite the first direction (e.g., counterclockwise around the insertion axis
A), the first ratcheting ramp 164 slidably contacts the second ratcheting ramp 114 and slides
along it, such that even when the cap 150 continues to rotate in the second direction, the
rotational force transferred to the second ratcheting ramp 114 is insufficient to rotate the
connector 110. This decreases the possibility of disengaging the tamper-evident assembly

100 from the external device after it has been engaged.
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[0051] In some embodiments, the cap 150 may have a first position relative to the
connector 110 and a second position that is axially displaced from the first position along the
insertion axis A. In the first position, the first ratcheting ramp 164 is at least partially located
in the same plane as the second ratcheting ramp 114 such that the two ramps can contact each
other upon rotation of the cap 150. In the second position, the cap 150 is axially displaced a
sufficient distance such that the plane in which the first ratcheting ramp 164 lies does not
overlap the plane in which the second ratcheting ramp 114 lies. When the cap 150 is in the
second position, neither rotation in the first direction nor rotation in the second direction
results in contact between the first and second ratcheting ramps 164, 1.

[0052] The tamper-evident assembly may be manufactured and distributed
individually or as part of a set of multiple assemblies. Referring to Figs. 8-11, a kit 200
includes a housing 201 containing a plurality of tamper-evident assemblies 100 that are
removable for use. Although Fig. 8 depicts a kit 200 having one housing 201 that contains
ten tamper-evident assemblies 100, it will be understood that kits having other quantities and
arrangements of housings and assemblies are covered by this disclosure. In some
embodiments, for example, the kit 200 may include 1, 2, 3, 4, or another number of housings
201.

[0053] Each housing 201 may contain 1, 2,..., 20, or another suitable number of
tamper-evident assemblies 100. The housing 201 may include the same assemblies, or it may
contain a variety of assembly embodiments as disclosed throughout this specification. As
depicted in the illustrative embodiment of Fig. 8, the housing 201 may have five
compartments 202, each configured to receive two tamper-evident assemblies 100. It will be
understood that this disclosure is not limiting to any particular arrangement of the housing
201 or the compartment 202. In some embodiments, a housing 201 may include 1, 2,..., 10,
or another suitable number of compartments 202. Each compartment 202 may be configured
to receive and removably contain 1, 2, ..., 6, or another suitable number of tamper-evident
assemblies 100.

[0054] Referring to Figs. 10 and 11, the tamper-evident assembly 100 may include a
fitment 170 configured to engage with the housing 201. The housing 201 may include a
corresponding fixture 204 configured to receive the fitment 170 and removably retain the
tamper-evident assembly 100 on or within the housing 201. The tamper-evident assembly
100 may be affixed to the housing 201 by any acceptable means, for example, via snap

fitting, friction fitting, threading, or another suitable connection method.

-10 -
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[0055] Referring to the exemplary embodiment of Fig. 11, the fitment 170 may
include one or more walls 172. The walls 172 provide increased contact area with the
corresponding fixture 204. Although Fig. 11 is depicted having three walls 172, this
disclosure is not limited to a particular number of walls, and a suitable fitment 170 may
include 0, 1, 2, 3, 4, 5, 6, or another acceptable number of walls 172.

[0056] In some embodiments, a plurality of teeth 174 may be disposed on the
fitment 170, on the walls 172, or on both the fitment and the walls. The teeth 174 projectin a
direction away from the wall 172 or from the fitment 170, and are configured to increase
retention of the tamper-evident assembly 100 in the housing 201. In some embodiments, the
fixture 204 may include a plurality of teeth 206 configured to interact and engage with the
teeth 174 on the fitment 170. It will be understood that the quantity of teeth depicted in the
illustrative embodiments is not limiting, and other acceptable quantities of teeth 174, 206 are
covered by this disclosure.

[0057] Providing a kit 200 with multiple tamper-evident assemblies 100 allows for a
user to quickly and easily attach an assembly to an external device. The housing 201 presents
a larger component for better gripping and handling, which lowers the possibility of
mishandling or dropping the assembly during attachment of an external device. The housing
201 additionally allows a user to avoid handling the assembly itself, thus improving
cleanliness, maintaining sterility, and decreasing the chance of contamination.

[0058] A kit 200 having a plurality of assemblies 100 improves efficiency, as a user
does not need to acquire individual packages of assemblies. In some embodiments, the kit
200 may include a specific quantity and assortment of tamper-evident assemblies 100 that
may be necessary for a particular procedure. In such a case, a user has to acquire, prepare,
open, and utilize only the relevant desired kit or kits 200 rather than individually searching
for and preparing an assortment of various assemblies.

[0059] In some embodiments, it may be desirable for a tamper-evident assembly
100 to be connected with an external device by use of separate machinery (not shown).
Examples of machinery may include user-operated apparatuses as well as robotic devices
having automated processes. In such embodiments, the kit 200 may be configured to be
loaded into the machinery such that each tamper-evident assembly 100 can then be connected
to the desired external device. In some embodiments, multiple assemblies may be connected
to multiple external devices simultaneously to increase throughput and save time.

[0060] The kit 200 improves longevity and decreases costs associated with

distributing the tamper-evident assemblies 100. The housing 201 offers added protection to

-11 -
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the assemblies therein, which reduces instances of damage to the components during
packaging, shipping, distribution, storage, and preparation. In some embodiments, the added
protection by the housing 201 may allow for thinner and cheaper materials to be used in
manufacturing of the tamper-evident assemblies 100 that would otherwise be unsuitable due
to greater expected physical stresses on the products.

[0061] The components described throughout this specification can be
manufactured using various materials, for example metals, plastics, rubbers, or a combination
of metal, plastic, and rubber. In some embodiments, multiple materials may be used for
various components. In some embodiments, it may be advantageous to use materials that can
be subject to sterilization for use in a medical environment. It will be understood that this
disclosure is not limited to particular materials used, and that other combinations of suitable
materials may be used.

[0062] The embodiments disclosed herein offer a number of advantages. The
tamper-evident assembly 100 allows a user to quickly and accurately detect any tampering of
the assembly or the device to which it is connected. In the medical field, this decreases the
risk of inadvertently administering an incorrect medicinal substance to a patient.
Furthermore, once the tamper element 120 is disposed in the locked portion 154b, in some
embodiments it cannot be moved back to the unlocked portion 154a. To disengage the
assembly from the external device, the tamper element 120 is separated from the connector
110 and remains within the cap 150. This serves to alert another user at a later time that the
device where the tamper element 120 is within the cap 150 and is separated from the
connector 110 has already been used, opened, accessed, or otherwise tampered with. Such
indication to the user helps decrease risk of infection from reusing certain medical devices,
for example, syringes, or distributing contaminated or incorrect medical products.

[0063] The tamper-evident assembly 100 allows a user to easily and quickly discern
whether the assembly has been tampered with. This saves time by allowing the user to
quickly identify a tampered-with product and dispose of it accordingly. Such embodiments
additionally lower uncertainty about the safety of each assembly by informing the users of the
tamper status quickly. This helps reduce stress that users may experience when working with
potentially-accessed or tampered-with products in a fast-paced environment.

[0064] The present disclosure offers various advantages over existing anti-tamper
technology. Many current options require removal of a portion of the device to indicate
tampering. For example, some existing assemblies require breaching or breaking a ring or a

protrusion surrounding the assembly. This approach results in extraneous pieces of the
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assembly that need to be removed. In a medical scenario, loose pieces may not be desirable
because they may cause contamination of tools and/or infection in the patient. Additionally,
breaking or removing a portion of the assembly exposes sharp edges, the locations and angles
of which are often difficult to predict. This may result in direct injury to the user and/or the
patient, or in indirect risk of contamination or infection due to ripped gloves or the loose
edges catching on tools or materials

[0065] The disclosed embodiments offer ergonomic handling of the product to
assist with proper use. The ergonomic assemblies do not require excessive strength for
proper use, making them available to a wider range of professionals. Existing technology
often requires direct access to the connecting interfaces of the devices, which may expose
users to greater risk of injury, for example, contacting sharp edges, needles, or dangerous
substances within the device.

[0066] While systems and methods have been described in connection with the
various embodiments of the various figures, it will be appreciated by those skilled in the art
that changes could be made to the embodiments without departing from the broad inventive
concept thereof. It is understood, therefore, that this disclosure is not limited to the particular
embodiments disclosed, and it is intended to cover modifications within the spirit and scope
of the present disclosure as defined by the claims.

[0067] Certain terminology is used in the description for convenience only and is
not limiting. The words “proximal” and “distal” generally refer to positions or directions
toward and away from, respectively, an individual using the mixing system. The words
“axial”, “vertical”, “transverse”, “left”, “right”, “above,” and “below” designate directions in
the drawings to which reference is made. The term “substantially” is intended to mean
considerable in extent or largely but not necessarily wholly that which is specified. The
terminology includes the above-listed words, derivatives thereof and words of similar import.

[0068] The term “plurality,” as used herein, means more than one. The singular
forms “a,” “an,” and “the” include the plural reference, and reference to a particular
numerical value includes at least that particular value, unless the context clearly indicates

otherwise.
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What is claimed:

1. A tamper-evident closure assembly for use with a medical device, the assembly
comprising:

a connector having a proximal end that defines a connection interface thereon;

a tamper element removably affixed to the connector, the tamper element configured
to be separated from the connector upon application of a removal force; and

a cap having an interior surface defining a receptacle, the cap being configured to
engage with the tamper element, such that at least a portion of the connector is within the
receptacle,

wherein upon application of the removal force, the tamper element is separated from
the connector and retained within the receptacle of the cap, and the connector being

removable from the receptacle.

2. The assembly of claim 1, wherein the tamper element is affixed to the connector via a
protrusion extending from the tamper element to the connector, such that a gap is defined

between the tamper element and the connector.

3. The assembly of claim 2, wherein the connector further defines a groove configured

to receive the protrusion extending from the tamper element to the connector.

4. The assembly of claim 1, wherein the interior surface of the cap defines a retention
member configured to prevent the tamper element from being removed from the receptacle,
the retention member having a sloped surface and a retaining surface adjacent the sloped
surface, the interior surface of the cap and the retaining surface of the retention member
defining a locking portion of the receptacle,

wherein the sloped surface is configured to allow the tamper element to slidably move
past the retention member into the locking portion, and the retention surface being configured
to prevent the tamper element from moving past the retention member out of the locking

portion.

5. The assembly of claim 4, wherein the tamper element in the locking portion is

disposed closer to one end of the cap than to another end of the cap.
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6. The assembly of claim 4, wherein the interior surface of the cap further defines a
projection configured to contact the tamper element when the tamper element is within the

locking area of the receptacle.

7. The assembly of claim 1, wherein when the tamper element is separated from the
connector and retained within the cap, the tamper element is visible inside the receptacle

from at least one angle.

8. The assembly of claim 1, wherein the connection interface includes a Luer connector.

9. The assembly of claim 1, wherein the interior surface of the cap further defines a post
configured to contact the connector when the connector and the tamper element are retained
in the receptacle of the cap, the post being configured to decrease movement of the connector

within the cap after being inserted into the receptacle.

10.  The assembly of claim 1, wherein the cap further includes a first ratcheting ramp
configured to contact a corresponding second ratcheting ramp on the connector,

wherein when the connector is rotated in a screwing direction, the first ratcheting
ramp contacts the second ratcheting ramp on the connector, such that the cap is also rotated in
the screwing direction,

and when the connector is rotated in an unscrewing direction opposite the screwing
direction, the first ratcheting ramp slidably contacts the second ratcheting ramp on the
connector, such that the first ratcheting ramp slides along the second ratcheting ramp and the

cap is not rotated in the unscrewing direction.

11. The assembly of claim 1, wherein the cap further defines a fitment configured to

engage with a housing.

12.  The assembly of claim 1, wherein the tamper element is a ring.

13. A kit for a tamper-evident closure assembly, the kit comprising:

a cap having an interior surface defining a receptacle;

a tamper element configured to engage with the cap within the receptacle; and
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a housing configured to receive the cap, the cap being removably secured to the

housing.

14. The kit of claim 13, further comprising a plurality of caps, and where the housing is

configured to receive any one of the plurality of caps.

15. The kit of claim 13, wherein the tamper element is configured to attach to a medical
device.
16. The kit of claim 13, wherein the tamper element is affixed to a connector, the

connector being configured to attach to a medical device.

17. The kit of claim 16, wherein the tamper element is configured to separate from the

connector when a removal force is applied to the tamper element or to the connector.

18. The kit of claim 17, wherein the tamper element is configured to remain within the

receptacle when it is separated from the connector.

19. The kit of claim 13, wherein the cap defines a fitment and the housing defines a
fixture, wherein the fitment is configured to engage with the fixture, such that the cap is

retained in the housing.
20. The kit of claim 19, wherein the fitment includes a plurality of teeth and the fixture

includes a plurality of teeth, wherein the plurality of teeth on the fitment of the cap are

configured to releasably engage with the plurality of teeth on the fixture of the housing.
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