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Abstract

An apparatus is disclosed for storing and changing needles for a medicament delivery device
having a medicament container, including a fixed mount for connecting the apparatus with the
medicament delivery device, a needle holder displaceable along a circuitous path and connecting a
plurality of needles displaceably disposed thereon, and a guide member for guiding displacement of the
needle holder, the guide member being disposed about the fixed mount. The apparatus also includes a
user interface rotatably disposed about the fixed mount and having at least one internal engaging

structure for displacing the needle holder along the circuitous path.
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CIRCUITOUS BAND NEEDLE CHANGING APPARATUS

[0001]

Background of the Invention

1. Field of the Invention
[0002] The present invention relates to needles for a medicament delivery device, such as a
pen injection device or a syringe, and more particularly, to a multiple needle changing

apparatus for a medicament delivery device.

2. Description of the Related Art
[0003] Medicament delivery devices are used for self-injection of precisely measured
doses of medication. Pen injection devices are widely used, for example, by diabetics to self-
inject insulin. A typical medicament delivery pen includes a cartridge that contains a volume
of liquid medication sufficient for several doses. Using a pen needle attached to a pen
injection device, the dose is injected into a tissue area, such as the intramuscular tissue layer,

the subcutaneous tissue layer, or the intradermal tissue layer.

CA 2992620 2018-01-23



[00604] The assembly and operation of a typical pen injection device is described in
commonly-assigned U.S. Patent Application Publication No. 2006/0229562, published on
October 12, 2006.

[0005] Pen injection devices, such as the exemplary pen injector 50 shown in FIGS. 1 and
2, typically comprise a dose knob/button 24, an outer sleeve 13, and a cap 21. The dose
knob/button 24 allows a user to set the dosage of medication to be injected. The outer sleeve
13 is gripped by the user when injecting medication. The cap 21 is employed by the user to

securely hold the pen injector 50 in a shirt pocket, purse, or other suitable location.

[0006] FIG. 2 is an exploded view of the exemplary drug delivery pen 50 shown in FIG. 1.
The dose knob/button 24 has a dual purpose and is used to both set the dosage of the
medication to be injected and to inject the dosed medicament via a lead screw 7 and stopper
15 from a medicament cartridge 12, which is attached to the drug delivery pen through a
lower housing 17. The medicament cartridge 12 is typically a glass tube sealed at one end
with a septum 16 and at the other end with the stopper 15. In standard drug delivery pens, the
dosing and delivery mechanisms are all found within the outer sleeve 13. Those mechanisms
are not described in greater detail herein as they are understood by those knowledgeable of

the art.

[0007] A pen needle assembly 10 includes a hub 20, a patient needle 11 extending from a
patient end of the pen needle assembly, and a septum-penetrating needle cannula 18 disposed
within the hub 20 on a non-patient side thereof. The septum-penetrating needle cannula 18 is
in fluid communication with the patient needle 11. The hub 20 is preferably screwed onto the
lower housing 17, although other attachment means can be used such as attaching directly to
the medicament cartridge 12. In attaching the hub 20 to the lower housing 17 or medicament
cartridge 12, the septum-penetrating cannula 18 pierces the septum 16, but the septum 16
does not move with respect to the medicament cartridge 12. The stopper 15, however, is
axially displaceable within the medicament cartridge 12 while maintaining a fluid-tight seal.
The distal movement of the plunger or stopper 15 within the medicament cartridge 12 (due to
advancement of the lead screw 7) causes medication to be forced into the patient needle 11 of

the hub 20.
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[0008] To protect a user, or anyone who handles the pen injector 50, an outer shield 29,
which attaches to the hub 20, covers the hub 20. The outer shield 29 can also be used as a
handle or grip to screw hub 20 onto or off of pen injector 50. An inner shield 28 covers the
patient needle 11 within the outer shield 29. The inner shield 28 can be secured to the hub 20
to cover the patient needle 11 by any suitable means, such as an interference fit or a snap fit.
As shown in FIG. 2, the hub 20 also includes ribs 64 for engaging the outer shield 29. The
outer shield 29 and inner shield 28 are removed prior to use. The cap 21 fits snugly against

outer sleeve 13 to allow a user to securely carry the pen injection device S0.

[0009] To use the pen needle assembly 10, the user removes a sterile cover (not shown) on
the outer shield 29, twists the pen needle assembly 10 onto the pen injector 50, removes the
outer shield 29, and then finally removes the inner shield 28. While there are some needle
storage devices that aid in placing the pen needle assembly 10 on the pen injector 50, the user
still must remove needle hub packaging, including the inner and outer shields 28 and 29, to
place a needle hub onto a pen injector and ready the device for injection. This process must

be repeated for each successive injection.

[0010] Pen needle assembilics are usually sold individually packaged inside a plastic cover
(such as outer shield 29) with a label covering the opening in the cover to provide a sterility
barrier. A need exists for a needle dispensing and storing apparatus that stores a plurality of

needles before and after their use.

Summary of Embodiments of the Invention

[0011] It is an aspect of the present invention to provide an apparatus for changing needles.
It is also an aspect of the present invention to provide an apparatus for storing needles prior
to their use as well as subsequent to their use. Additionally, it is an aspect of the present
invention to provide an apparatus for changing needles for use with a medicament delivery

device.

[0012] The foregoing and/or other aspects of the present invention are achieved by
providing an apparatus for storing and changing needles for a medicament delivery device
having a medicament container, including a fixed mount for connecting the apparatus with

the medicament delivery device, a needle holder displaceable along a circuitous path and
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connecting a plurality of needles displaceably disposed thereon, and a guide member for
guiding displacement of the needle holder, the guide member being disposed about the fixed
mount. The apparatus also includes a user interface rotatably disposed about the fixed mount

and having at least one internal engaging structure for displacing the needle holder along the

circuitous path.

[0013] The foregoing and/or other aspects of the present invention are also achieved by
providing a method of selecting a needle for a medicament delivery device having a
medicament container, the method including the operations of connecting the medicament
delivery device with an apparatus for storing and changing needles, rotating a user interface
to displace one of a plurality of needles mounted in a needle holder along a circuitous path to
an activated position, and also to displace a second user interface, and proximally sliding the
user interface to expose a patient end of a needle outside of the apparatus and fluidly connect
a non-patient end of the needle with the medicament container. The method also includes the
operations of displacing the second user interface to advance a needle counter, and distally
sliding the user interface to re-sheathe the patient end and disconnect the non-patient end

from the medicament container.

[0014] The foregoing and/or other aspects of the present invention are also achieved by
providing an apparatus for storing and changing needles for a medicament delivery device
having a medicament container, including a fixed mount for connecting the apparatus with
the medicament delivery device, and a guide member axially slidably disposed about the
fixed mount, the fixed mount and the guide member forming at least a portion of a circuitous
path. The apparatus also includes a needle holder displaceable along the circuitous path and
connecting a plurality of needles displaceably disposed thereon, and a user interface rotatably
disposed about the fixed mount and the guide member, and axially slidable relative to the

fixed mount for sliding along with the guide member.

[0015] Additional and/or other aspects and advantages of the present invention will be set
forth in part in the description that follows and, in part, will be apparent from the description,

or may be learned by practice of the invention.
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Brief Description of the Drawings

{0016] The above and/or other aspects and advantages of embodiments of the invention
will become apparent and more readily appreciated from the following detailed description,

taken in conjunction with the accompanying drawings, in which:

FIG. 1 is a perspective view of an exemplary drug delivery pen;

FIG. 2 is an exploded view of the exemplary drug delivery pen of F1G. 1;

FIG. 3 is a perspective view of a needle changing device in accordance with an
embodiment of the present invention;

FIG. 4 is a perspective view of a user dial of the needle changing device of FIG. 3;

FIG. 5 is a perspective view of a cap of the needle changing device of FIG. 3;

FIG. 6 is a perspective view of a needle counter of the needle changing device of

FIG. 3;

FIG. 7 is a perspective view of a user button of the needle changing device of FIG.
3;

FIG. 8 is a perspective view of a ratchet top of the needle changing device of FIG. 3;

FIG. 9 is a perspective view of a fixed mount member of the needle changing device
of FIG. 3;

FIG. 10 is a perspective view of a maze member of the needle changing device of
FIG. 3:

FIG. 11 is a perspective end view of a the maze member of FIG. 10;

FIG. 12 is a perspective view of an inner track of the needle changing device of FIG.
3;

FIG. 13 is a perspective view of a needle holder of the needle changing device of
FIG. 3;

FIG. 14 is a perspective view of a needle of the needle changing device of FIG. 3;

FIG. 15 is a perspective view of a lock ring of the needle changing device of FIG. 3;

FIG. 16 is a perspective view of a sterility barrier of the needle changing device of
FIG. 3;

FIG. 17 is an exploded perspective view of the needle changing device of FIG. 3;
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FIGS. 18-27 are perspective views of a method of assembling the needle changing
device of FI1G. 3;

FIG. 28 is a perspective view illustrating assembly of the drug delivery pen of FIG.
1 and the needle changing device of FIG. 3;

FIGS. 29-34 are perspective views illustrating operation of the needle changing
device of FIG. 3;

FIG. 35 is a partial perspective view in cross-section of the needle changing device
of FIG. 3;

FIG. 36 is a perspective cutaway view of the needle changing device of FIG. 3;

FIG. 37 is a partial perspective view of the needle changing device of FIG. 3;

FIGS. 38-41 are partial perspective views of the needle changing device of FIG. 3
illustrating interaction of a user button and a sliding guide;

FIGS. 42-44 are perspective cutaway views of the needle changing device of FIG. 3;

FIG. 45 is a partial perspective view of the needle changing device of FIG. 3
illustrating depression of the user button;

FIG. 46 is a partial perspective view of the needle changing device of FIG. 3;

FIG. 47 is a perspective view of a needle changing device in accordance with
another embodiment of the present invention;

FIG. 48 is a perspective view of a needle changing device in accordance with yet
another embodiment of the present invention;

FIG. 49 is a partial perspective view of a needle changing device in accordance with
still another embodiment of the present invention;

FIGS. 50-52 are partial plan views illustrating alternative embodiments of needle-
holders;

FIG. 53 is a perspective view of an alternative sterility barrier for a patient end of a
needle;

FIGS. 54-59 are perspective views of a manufacturing process of the sterility barrier
of FIG. 53;

FIG. 60 illustrates removal of the sterility barrier of FIG. 53;

FIGS. 61-89 illustrate other alternative sterility barriers;
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FIG. 90 is a perspective view of a needle changing device in accordance with
another embodiment of the present invention;

FIGS. 91 and 92 are perspective side and top views, respectively, of a fixed mount
of the needle changing device of FIG. 90;

FIGS. 93 and 94 are perspective side and top views, respectively, of a maze of the
needle changing device of FIG. 90;

FIGS. 95 and 96 are perspective front and rear views, respectively, of a fixed post
of the needle changing device of FIG. 90;

FIG. 97 is a perspective view of a needle holder 560 of the needle changing device

of FIG. 90;

FIG. 98 is a perspective view of a user dial of the needle changing device of FIG.
90;

FIGS. 99-108 illustrate a method of assembly of the needle changing device of FIG.
90;

FIGS. 109 and 110 are partial perspective views illustrating an embodiment of the
present invention without a user button; and

FIG. 111 is an illustration of the force of a rope winding around an anchor.

Detailed Description of Embodiments of the Present Invention

[0017] Reference will now be made in detail to embodiments of the present invention,
examples of which are illustrated in the accompanying drawings, wherein like reference
numerals refer to the like elements throughout. The embodiments described herein exemplify,
but do not limit, the present inventicn by referring to the drawings. As will be understood by
one skilled in the art, terms such as up, down, bottom, and top are relative, and are employed

to aid illustration, but are not limiting.

[0018] FIG. 3 is a perspective view of a needle changing device 100 in accordance with an
embodiment of the present invention. As shown in FIG. 28, the user combines the injector
pen 50 and the changing device 100, for example, by screwing the pen injector 50 into the
changing device 100. For brevity, the phrase “changing device 100” will be used hereinafter

instead of “needle changing device 100.” As shown in FIG. 3, the changing device 100
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includes a user dial or user interface 104, a cap 108 that includes a cap window 112, a needle
counter 116, a user button or second user interface 120, and an inner track or inner housing or

bottom housing 124,

[0019] FIG. 4 is a perspective view of the user dial 104. The user dial 104 includes a user
interface portion 126 for the user to grasp. The user dial 104 also includes a plurality of
bosses 128 extending from a top surface thereof and a plurality of cantilevered engagement
arms 132 extending inwardly from a top of the user dial 104. Additionally, the user dial 104
includes a plurality of internal engaging structures or rounded axial grooves 136 radially

arrayed around an inner surface of the user dial 104.

[0020] FIG. 5 is a perspective view of the cap 108. The cap 108 includes the cap window
112 for a number on the needle counter 116 representing the number of the next unused
needle. Although this embodiment of the present invention illustrates counting up with regard
to the number of needles, one skilled in the art will understand that the numbers could count
down the number of remaining unused needles without departing from the scope of the

present invention.

[0021] FIG. 6 is a perspective view of the needle counter 116, which is rotatably disposed
within the changing device 100. The needle counter 116 includes a plurality of identification
numbers 140 for identifying the number of the next unused needle and a plurality of fingers
or teeth 144 radially arrayed about the needle counter 116 and extending outwardly

therefrom.

[0022] FIG. 7 is a perspective view of the user button 120. As shown in FIG. 7, the user
button 120 includes a user pressing portion 148 for interfacing with the user. The user button
120 also includes a tooth engaging portion 152 for engaging the teeth 144 to rotate the needle
counter 116 when the user depresses the user button 120. As will described in greater detail
below, the user button 120 further includes a cantilevered sliding member 156 with a foot

160 disposed at a distal end thereof.

[0023] FIG. 8 is a perspective view of a ratchet top 164 of the changing device 100. The
ratchet top 164 is disposed within the changing device 100 and includes a plurality of gear

teeth 168 for selective engagement with the engagement arms 132 of the user dial 104. As the
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user rotates the user dial 104, the cantilevered engagement arms 132 disengage from gear
teeth 168 and engage adjacent gear teeth 168. According to one embodiment, the gear teeth
168 and the engagement arms 132 are shaped so that the user dial 104 can only rotate in one

direction.

[0024] FIG. 9 is a perspective view of a fixed mount member or fixed mount 172 of the
changing device 100. As will be described in greater detail below, the fixed mount member

172 includes a sliding guide 176 for interaction with the sliding member 156 of the user
button 120.

[0025] TIG. 10 is a perspective view of a maze or maze memberor guide member 178 and
FIG. 11 is a perspective end view of the maze member 178. The maze member 178 includes
guide walls 180 and a cantilevered needle snap arm 184. As shown in FIG. 11, the needle
snap arm 184 includes a nesting portion 188. According to one embodiment the nesting

portion 188 comprises a rounded axial groove.

[0026] FIG. 12 is a perspective view of the inner track 124. When assembled, as will be
described in greater detail below, the maze member 178 and the fixed mount 172 are

disposed within the inner track 124.

[0027] FIG. 13 is a perspective view of a needle holder or band or bandolier 192 of the
changing device 100. As will be described in greater detail below, the needle holder 192 is a
flexible band and has a plurality of upper and lower needle guides 196 and 198 for holding
patient needles 200.

[0028] FIG. 14 is a perspective view of a patient needle or needle 200 of the changing
device 100. As shown in FIG. 14, the needle 200 has a non-patient or septum end 204 for
piercing the cartridge septum 16 of a pen injector, for example, pen injector 50. Although one
of ordinary skill in the art will appreciate that other pen injectors may be used, for brevity,
hereinafter, the pen injector SO will be used as an exemplary pen injector. The needle 200
also has a patient end 208. The septum end 204 fluidly communicates with the patient end
208. As will be described in greater detail below, the needle 200 also includes hub 212 and a
lifting hub 216.
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[0029] FIG. 15 is a perspective view of a lock ring or needle donut 220 of the changing
device 100. As shown in FIG. 15, the lock ring 220 has an axial hole therethrough to

accommodate a needle 200.

[0030] FIG. 16 is a perspective view of a sterility barrier 224 of the changing device 100.
According to one embodiment, as will be described in greater detail below, the sterility
barrier 224 is disposed on the septum end 204 of the needle 200. According to another
embodiment, the sterility barrier 224 is disposed on both the septum end 204 and the patient
end 208 of the needle 200.

[0031] FIG. 17 is an exploded perspective view of the changing device 100. With reference
to FIGS. 17-27, a method of assembly for the changing device 100 will now be described.
Initially, needles 200 are inserted into needle guides 196 and 198 of the needle holder 192
until respective bases of the hubs 212 contact the respective lower needle guides 198 (FIG.
18). Subsequently, lock rings 220 are inserted over the septum ends 204 of the needles 200 to
contact respective upper needle guides 196, and sterility barriers 224 are inserted on both the
septum ends 204 and the patient ends 208 of the needles 200 (FIG. 19).

[0032] Next, an assembler combines the inner track 124 and the maze member 178, for
example, by snapping them together (FIG. 20). Then, the assembler slides the needle holder
192 (formed into a circuitous loop) onto the inner track 124 and maze member 178 assembly
(FIG. 21).

[0033] Thereafter, the assembler inserts the fixed mount 172 into the maze member 178
(FIG. 22) and attaches the ratchet top 164 onto the assembly, for example, by snapping (FIG.
23). The assembler then places the user dial 104 over the assembly (FIG. 24). Next, the
assembler places the needle counter 116 in the cap 108 (FIG. 25), and slides the user button
120 into the cap assembly (FIG. 26). Finally, the assembler attaches the cap assembly,
completing the changing device 100 (FIG. 27).

[0034] An overview of the operation of the changing device 100 will now be described
with reference to FIGS. 28-34. As shown in FIG. 28, the user combines the pen injector 50
and the changing device 100, for example, by screwing the pen injector 50 into the changing
device 100. Next the user rotates the user dial 104 (FIG. 29) to select the next unused needle

10
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200. The rotation of the user dial 104 causes the user button 120 to extend radially from the
changing device 100 (FIG. 30). The user then slides the user dial 104 axially toward the pen
injector 50, causing the septum end 204 of the patient needle 200 to pierce the cartridge
septum 16 of the pen injector 50 and exposing the patient end 208 of the patient needle 200
and the sterility barrier 224 disposed thereon (FIG. 31).

[0035] Subsequently, according to an exemplary embodiment, the user removes the
sterility barrier 224 from the patient needle 200 for example, by sliding the sterility barrier
224 off of the patient needles 200 (FIG. 32). The device is now ready for the user to inject the
medicament. Subsequent to the injection, as will be described in greater detail below, the user
depresses the user button 120 (FIG. 33), thereby advancing the needle counter 116. According
to one embodiment, the user then slides the user dial 104 axially away from the pen injector
to re-sheath the needle 200. According to another exemplary embodiment (not shown),
depressing the user button 120 activates a spring-loaded return mechanism that moves the
user dial 104 axially away from the pen injector 50 and re-sheathes the needle 200. Once the
user dial 104 has completed its down-stroke, moving axially away from the pen injector 50,
the changing device 100 is ready for the user to again rotate the user dial 104 and select the

next unused needle 200 (FIG. 34).

[0036] In greater detail, as shown in FIG. 35, the integral engaging structures or axial
grooves 136 of the user dial 104 engage radially outermost surfaces of the upper needle
guides 196, lower needle guides 198. and lock rings 220 that correspond to the needles 200 in
the needle holder 192 that are disposed on the radially outermost portions of wall 228 of the
inner track 124. As the user rotates the user dial 104 (FIG. 29), because the upper needle
guides 196, lower needle guides 198, and lock rings 220 are engaged with the axial grooves
136, the needle holder 192 is advanced along its circuitous path among the inner track 124,
the maze 178, and the fixed mount 172. In this illustrated embodiment, the user rotates the
user dial 104, and thus the outermost portion of the needle holder 192, in a direction shown
by arrow A. As one skilled in the art will understand, however, that the user could rotate the
user dial 104 in the opposite direction without departing from the scope of the present
invention. The user button 120 in combination with a ratchet-interface to the ratchet top 164

prevent the user from re-using a used needle.

11
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[0037] With respect to the state depicted in FIG. 35, upon the next rotation of the user dial
104, the needle 200A will pass through the opening in the wall 228 to move in between the
wall 228 of the inner track 124 and the maze 178. Similarly, the needle 200B, disposed
between the maze 178 and the wall 228 in FIG. 35 will pass through the opening in the wall
228 to a position radially outside of the wall 228. Additionally, during the next rotation of the
user dial 104, the axial groove 136A will disengage from the needle 200A as the needle 208
passes through the opening in the wall 228, and will engage needle 200B as it passes through
the opening in the wall 228 and come to rest in the position illustrated as 136B in FIG. 35.

[0038] Rotation of the user dial 104 (and the corresponding advancement of the needle
holder 192 along its circuitous path) moves a next unused needle 200 into a “selected”
position substantially in the middle of the changing device 100. As shown in FIG. 35, when a
needle 200 moves into the selected position, the upper and lower needle guides 196 and 198
engage the needle snap arm 184. More specifically the upper and lower needle guides 196
and 198 engage the nesting portion 188 of the needle snap arm 184. Additionally, when the
needle 220 moves into the selected or activated position, the lock ring 220 engages a lock
feature 232 of the fixed mount 172. According to one embodiment, the lock feature 232 is
integrally formed as a single unit with the fixed mount 172. According to another
embodiment, the lock feature 232 is part of an element that is inserted into the fixed mount
172. The engagement of the upper and lower needle guides 196 and 198 with the nesting
portion 188 and the engagement of the lock ring 220 with the lock feature 232 axially aligns
the “selected” needle 200 with an opening (described in greater detail below) in the inner

track 124 and with the cartridge septum 16.

[0039] In addition to selecting the next unused needle 200, as noted previously, rotation of
the user dial 104 also causes the user button 120 to extend radially from the changing device
100. FIG. 36 is a perspective view of the changing device 100 with several elements cut away
for illustrative purposes. For example, only a bottom portion of the user button 120 is shown
in FIG. 36. As shown, the bottom portion of the user button 120 includes a ramp portion 236.
When the user rotates the user dial 104, one of the bosses 128 on a top thereof engages the
ramp portion 236 and the forces the user button 128 radially outward, as shown in FIG. 36.

FIG. 36 additionally illustrates how the engagement arms 132 of the user dial 104 serially

12
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engage the gear teeth 168 of the ratchet top 164 and prevent backward rotation of the user
dial 104.

[0040] FIG. 37 is a partial perspective view of the changing device 100 and FIGS. 38-41
are partial perspective views illustrating interaction of the user button 120 and the sliding
guide 176 during operation of the changing device 100. FIG. 38 itlustrates the changing
device 100 in a “transport™ or “expended” state. In FIGS. 38-41, the majority of the user
button 120 is cut away; only the foot 160 of the sliding member 156 is shown. In the
transport state, the foot 160 is disposed beneath a lower stop portion 240 (best shown in FIG.
41) of the sliding guide 176. As the user rotates the user dial 104 and the user button 120
moves radially outward, as shown in FIG. 39, the foot 160 moves from beneath the lower

stop portion 240 to a position at adjacent a lower ramp portion 244 (best shown in FIGS. 40
and 41).

[0041]  As the user slides the user dial 104 proximally, or axially toward the pen injector
50, the foot 160 travels up the lower ramp portion 244 and across the sliding guide 176 to a
position above an upper stop portion 248, as shown in FIG. 40. Then, as the user depresses
the user button 120, the foot 160 moves frem above the upper stop portion 248 to a position
adjacent an upper ramp portion 252, as shown in FIG. 41. Subsequently, as the user (and/or a
spring) slides the user dial 104 axially away from the pen injector 50 to complete the stroke,
the foot 160 slides up the upper ramp portion 252 and across the sliding guide 176, back to

the transport position shown in FIG. 38, beneath the lower stop portion 240.

[0042] FIGS. 42-44 arc perspective cutaway views of the changing device 100 illustrating
the interaction of the needle snap arm 184, the needle 200, and the cartridge septum 16
during the axial movement of the user dial 104 toward the pen injector 50. As shown in FIG.
42, as the user axially moves the user dial 104 toward the pen injector 50, the needle 200
remains substantially stationary as the patient end 208 is exposed through an opening 256 in
the inner track 124 by the movement of the inner track 124. Additionally, the needle snap arm
184 lifts the needle holder 192 and the lock ring 220 axially toward the pen injector 50 and
slides the needle holder 192 and the lock ring 220 upward with respect to the hub 212.

13
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[0043] Subsequently, as shown in FIG. 43, a slanted portion of the openings 256 contacts
the lifting hub 216 and begins to lift the needle 200 axially toward the pen injector 50, so that
the sterility barrier 224 on the septum end 204 of the needle 200 contacts the septum
cartridge 16. Then, as shown in FIG. 44, the slanted portion of the opening 256 continues to
lift the needle 200 via the lifting hub 216 until the user dial 104 reaches the top most point of
its stroke, at which time the septum end 204 of the selected needle 200 picrces the top of the
sterility barrier 224 and the cartridge septum 16 to communicate with the medicament in
cartridge 12. At this point, as described previously, the user removes the sterility barrier on
the patient end 208 of the needle 200 and injects the medicament using the pen injector 50,
through the selected needle 200.

[0044] Subsequently, as shown in FIG. 45. when the user depresses the user button 120, a
tooth engaging portion 152 of the user button 120 engages one of the plurality of teeth 144 of
the needle counter 116 and advances the needle counter 116 so that the next identification
number is visible through the window 112 of the cap108. Additionally, as noted previously,
when the user depresses the user button 120, the foot 160 moves from above the upper stop
portion 248 to the positicn adjacent the upper ramp portion 252, thereby allowing the user to

then slide the user dial 104 distally, or axially away from the pen injector 50.

[0045] As shown in FIG. 46, after the user (and/or a spring) moves the user dial 104 fully
away from the pen injector 50, the lock ring 220 no longer engages the lock feature 232, thus

enabling the user to rotate the user dial 104 and select the next unused needle 200.

[0046] FIG. 47 is a perspective view of a changing device 280 in accordance with another
embodiment of the present invention. In the changing device 100, the needles 200 remain
substantially parallel to a primary longitudinal axis of the changing device 100 throughout
their circuitous path. In contrast, however, the bottom of the changing device 280 angles
inwardly. Thus, rather than the remaining substantially parallel to a primary longitudinal axis
of the changing device 280 during the entire circuitous path of the needle holder 192, when
the needles 200 are passing radially outwardly of the walls 228, the needles 200 are

substantially parallel to the inwardly tapering exterior surface of the changing device 280.
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But once the needles 200 are inside the walls 228, then, like the changing device 100, the

needles are substantially parallel to the primary longitudinal axis of the changing device 280.

[0047] FIG. 48 is a perspective view of a changing device 284 in accordance with another
embodiment of the present invention. As shown in FIG. 48, the changing device 284 includes
a spring-loaded needle shield 288. The needle shield 288 deploys when the user moves the
user dial 104 axially toward the pen injector 50, protects the patient from needle exposure,
and prevents medicament flow from the needle 200 until the needle shield 288 is depressed
back within the changing device 284. By depressing the needle shield 288 back into the
device, the changing device 100 is reset automatically to its starting state. This exemplary

embodiment reduces the number of user steps, providing a favorable patient experience.

[0048] FIG 49 is a partial perspective view of a changing device 292 in accordance with
another embodiment of the present invention. As shown in FIG. 49, rather than the axial
grooves 136, the changing device 292 employs a pinion gear 296 and a circumferential rack
298 to advance the needle holder 192.

[0049] FIGS. 50-52 are partial plan views illustrating alternative embodiments of needle-
holders. In the embodiment shown i FIG. 50, a needle holder 300 is held in tension as the
needles are about to enter a middle portion centered about the selected position, until the
needles leave the middle portion. Outside the middle portion, the needle holder 300 is not
tensioned, and can float freely. This embodiment is designed to accommodate a great number

of needles in a given space.

[0050] In FIG S1, two complete, separate needie holders 304 and 308 follow substantially
the same path, and have substantially the same pitch (distance between needles along the
needle holder). The separate needle holders 304 and 308, however, alternate which needle

holder next advances a needle to the selected position.

[0051] As shown in FIG. 52, the needle holder 312 is held in tension through the middle
portion by a dummy hub 316. In FIG. 52, all of the needles 200 are unused.

[0052] FIG. 53 is a perspective view of an alternative sterility barrier (or lower sterility
barrier) 320 for the patient end 208 of the needles 200. FIGS. 54-59 are perspective views of

a manufacturing process of the lower sterility barrier 320. Though the lower sterility barrier
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320 is manufactured as a continuous part. In other words, the sterility barrier 328 for the
needles 200 are serially connected. For clarity, however, only a single lower sterility barrier
320 is shown. As shown in FIG. 54, paper 324 is placed on opposing sides of the needle 200
connected to the needle holder 192. In the operation depicted in FIG. 55, an upper barrier 328
to the needle 200 is sealed at the hub 212, and a lower barrier 332 is sealed below the needle
200. FIG. 56 illustrates a side view of the operation illustrated in FIG. 55. Subsequently, as
shown in FIGS. 57 and 58, a lower portion of the paper 324 is folded upward and bonded to
the needle holder 192. FIG. 58 illustrates a side view of the operation illustrated in FIG. 57.

Finally, as shown in FIG. 59, the open edges are bonded shut.

[0053] FIG. 60 illustrates removal of the lower sterility barrier 320. When the user moves
the user dial 104 axially toward the pen injector 50, as the needle carrier 192 is moved axially
toward the pen injector 50 and the needle 200 remains stationary, the paper 324 is peeled
upwardly, breaking the lower barrier or bond 332 and exposing the patient end 208 of the
needle 200.

[0054] FIGS. 61-87 illustrate additional alternative sterility barriers. FIGS. 61 and 62
illustrate a sterility barrier 336 in which each needle 200 is individually stored in a paper

barrier, similar to toothpick wrappers.

[0055] FIGS. 63-67 illustrate a sterility barrier 340 in which each needle 200 is contained
between strips of paper. These embodiments take advantage of the sharp curve as the needles
200 rotate into the selected position to split the strips of paper (FIG. 63). According to one
embediment (FIG. 65), a take-up wheel 344 takes up only one of the two parts of the paper
strip. According to another embodiment, take-up wheels 348 and 352 take up both parts of
the paper strip (FIG. 66). According to yet another embodiment, neither of the strips is taken
up, but instead, merely split at the sharp curve (FIG. 64). According to still another
embodiment (FIG. 67), as the needle holder 192 rounds the sharp curve, two separate tracks
are created for the two strips. This causes the needle 200 to be freed from the strips at the
selected position. Then. as the needle 200 moves out of the selected position, the tracks direct

the paper strips to re-cover the needle 200. In this embodiment, the strips may be held
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together by an adhesive, and thus when the paper strips re-cover the needle 200 as the needle

200 moves out of the selected position, the adhesive rejoins the paper strips.

[0056] FIGS. 68-70 illustrate three collapsible sterility barriers. As shown in FIG. 68, rigid,
inter-fitting cups 356 and 360 cover the septum and patient ends 204 and 208 of the needle
200. As the user moves the user dial 104 axially toward the pen injector 50, the inter-fitting
cups 356 and 360 are pressed together and respectively pierced by the septum and patient
ends of the needle 200. According to one embodiment, the inter-fitting cups 356 and 360 are
made of plastic. Similarly, FIGS. 69 and 70 respectively illustrate sterility barriers 364 and

368 that collapse as the user moves the user dial 104 axially toward the pen injector 50.

[0057] FIG. 71 and 72 illustrate a rigid sterility barrier 370 that breaks apart during needle
engagement. Breaking apart can be achieved by axial penetration of the top and bottom of the
sterility barrier 370 with a more rigid object. Alternatively, the sterility barrier 370 can be
broken apart by compressing the hub of the sterility barrier laterally (from both sides), which,
as a result. breaks the rigid barrier apart. The sterility barrier 370 covers both the septum and
patient ends 304 and 308 of the needle 200. In contrast, a rigid sterility barrier 374 shown in
FIG. 73 and 74 only covers the patient end 308 of the needle 200. According to one
embodiment, the sterility barriers 370 and 374 are made of plastic. According to one
embodiment, the sterility barriers 370 and 374 are integrally formed as a single unit with a
needle hub via, for example, living hinges, which are broken apart as the needle is extended

out of the device 100

[0058] FIG. 75 and 76 illustrate flexible (elastomeric) domes 376 and 380 connected to a
hub 384 and respectively covering septum and patient ends 304 and 308 of the needle 200.
According to one embodiment, the domes 376 and 380 are connected to the hub 384 by, for
example, living hinges. As shown in FIG. 76. the domes 376 and 380 collapse into the needle
hub 384 upon engagement. According to one embodiment, the domes 376 and 380 are
collapsible but are not removable. According to one embodiment, the domes 376 and 380 are
invert inwardly on themselves and stay inverted. During the inversion, the needles 200 poke

through the barriers.
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[0059] FIG. 77 and 78 illustrates hollow core caps 388 and 392. As shown in FIG. 78, the
hollow core caps collapse into the needle hub 396 upon engagement. According to one
embodiment, the hub geometry accommodates the caps 388 and 392 to limit the extended

length of the needle 200 past the pierced end of the respective caps 388 and 392.

[0060] FIG. 79-81 illustrates an embodiment in which a sterility barrier 400 is peeled back
by a rigid blade 404 disposed in a bottom floor of the inner track 124. As shown in FIG. 80,
the side barricrs 408 and 412 are tortuous path barriers. In addition, these tortuous path
barriers 408 and 412 help maintain alignment of the house of the sterility barrier 400 during
assembly. As shown in FIG. 81, as the user dial 104 is moved axially toward the pen injector
50, the rigid blade 404 peels back the sterility barrier 400.

[0061] FIG. 82 illustrates a rigid lower sterility barrier 416 that connects to a lower portion
of the hub 212. The sterility barrier 416 does not contact the patient end 208 of the needle
200. In operation, the user simply pulls the sterility barrier 416 through an opening in the

floor of the inner track 124 prior to delivery of the medicament.

[0062] FIGS. 83 and 84 illustrates a rigid upper sterility barrier 420 connected to a hub 424
via an adhesive 428. As the needle 200 is advanced axially toward the pen injector 50, the
septum end 204 pierces the sterility barrier 420 and the cartridge septum 16 as the sterility
barrier 420 slides down the hub 424.

[0063] Similar to the cmbodiment of FIG. 57, FIG. 85 illustrates a sterility barrier 432 in
which the needle 200 in the needle holder 192 is freed from the sterility barrier 432 prior to
moving into the selected position. Subsequent to moving out of the selected position, the

needle 200 rejoins the sterility barrier 432,

[0064] As shown in FIGS. 86 and 87. sterility barrier 436 (with the distal end thereof being
open) rides along the floor of the inner track 124. As shown in FIG. 87, however, in the
selected position, there is an opening 440 in the floor of the inner track 124, thereby

permitting the patient end 208 to be exposed.

[0065] FIG. 88 is a partial perspective vizw in cross-section of an another alternative
sterility barrier 436 for the changing device 100. For clarity, the patient end of only a single

needle 200 is shown. The sterilitv barrier 436 includes a lower needle hub 438 disposed
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around a portion of the patient and of the needle 200, an introducer 440, and a boot 444. The
lower needle hub 438 includes at least one circumferential depression 448 selectively
engaged with a corresponding circumferential protrusion 452 on the introducer 440. The

introducer 440 also has a shoulder 456 and a beveled distal cutting tip or chisel 460.

[0066] As shown in FIG. 88, the floor of the inner track 124 has the opening 256

therethrough. According to one embodiment, the opening 256 is disposed substantially at a

central axis of the inner track 124.

[0067] Shown in mid-operation in FIG. 88, as the needle 200 is distally displaced relative
to the inner track 124, because of the frictional engagement between the circumferential
protrusion 452 and the circumferential depression 448, as well as the frictional engagement
between the introducer 440 and the boot 444, the sterility barrier 436 travels with needle 200
until the boot 444 contacts the floor of the inner track 124.

[0068] With continued distal displacement of the needle 200 relative to the inner track 124,
the friction between the boot 444 and the introducer 440 is overcome and the distal cutting
tip 460 cuts the floor of the boot 444 and travels distally along with the needle 200 until the
shoulder 456 contacts a proximal end of the boot 444. With further distal displacement of the
needle 200 relative to the inner track 124, the friction between the circumferential depression
448 and the circumferential protrusion 452 is overcome and the distal end of the needle 200
is exposed outside of the changing device 100 through the opening in the boot 444 cut by the
distal cutting tip 460 and through the opening 256 in the floor of the inner track 124. As the
needle 200 is re-sheathed within the inner track 124, the needle hub 438, introducer 440, and
the boot 444 maintain the relative positions that they possessed at the distal end of the

needle’s stroke.

[0069] According to one embodiment, the distal cutting tip 460 of the introducer 440 is
disposed around the entire circumference of the distal end of the introducer 440. According
to another embodiment, the distal cutting tip 460 is disposed only around a portion of the
circumference (for example. 180° or 270°) of the distal end of the introducer 440. In such an
embodiment, the introducer 440 cuts a flap that folds out of the way when the needle 200 is

exposed outside of the changing device 100. Such an embodiment also prevents particulate
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(for example, a piece entirely cut out of the boot 444) from falling out of the changing device
100.

[0070] FIG. 89 is a partial perspective view in cross-section of another sterility barrier 464
for the changing device 100. For clarity, the patient end of only a single needle 200 is shown.
The sterility barrier 464 includes a boot 468. As shown in FIG. 52, the floor of the inner track
124 has the opening 256 therethrough. According to one embodiment, the opening 256 is

disposed substantially at a central axis of the inner track 124.

[0071] Shown in mid-operation in FIG. 89, as the needle 200 is distally displaced, the boot
468 travels with needle 200 until the boot 468 contacts the floor of the inner track 124. With
further distal displacement, the needle 200 pierces the boot 468 and is exposed outside of the
changing device 100 through the opening 256. According to one embodiment, the floor of the
inner track 124 also includes a collar 472 with a beveled proximal edge for guiding the boot
468. As the needle 200 is re-sheathed within the inner track 124, the boot 468 maintains the

relative position that it possessed at the distal end of the needle’s stroke.

[0072] FIG. 90 is a perspective view of a needle changing device 500 (for brevity,
hereinafter changing device 500) in accordance with another embodiment of the present
invention. As shown in F1G. 90, the changing device 500 includes a bottom housing or inner
housing 504, a user dial or user interface 508, a cap 512, a user button or second user
interface 516, a needle counter 520, and a top cover 524, Internally, as discussed in greater
detail below, the changing device 500 also includes the fixed mount 528, a maze or guide

member 532, and a tixed post 536.

[0073] FIGS. 91 and 92 are perspective side and top views, respectively, of the fixed mount
528. As shown in FIGS. 9192. fixed mount 528 includes a sliding guide 540 and an opening
544 for receiving the fixed post 536. The sliding guide 540 functions substantially similarly
to the sliding guide 176 of the changing device 100. Accordingly, detailed description of the
sliding guide 540 is omitted for brevity. The fixed mount 528 includes means for connecting
the fixed mount with the pen injector 50. According to one embodiment, the means for
connecting the pen injector 50 include internai threads. According to another embodiment

means for connecting the pen injector 50 include L-shaped slots that mate with radial
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protrusions on the pen injector 50 for a relative sliding and then rotating connection.
Additionally, according to one embodiment (not shown), the changing device 500 includes a

fixed floor fixedly secured to the fixed mount 528.

[0074] FIGS. 93 and 94 are perspective side and top views, respectively, of the maze 532.
Like the maze 178 of the changing device 100, the maze 532 includes a cantilevered needle
snap arm 548 with a nesting portion 552 thereon. The maze 532 slidably fits about the fixed

mount 540 so that the needle snap arm is disposed within a central portion of the fixed mount
540.

[0075] FIGS. 95 and 9€ are perspective front and rear views, respectively, of the fixed post
536. The fixed post 536 includes a lock feature 556, which functions similarly to the lock
feature 232 of the changing device 100. In the changing device 100, the locking feature 232
is disposed on a portion of the fixed mount 172, which is integrally formed as a unitary
structure. In the changing device 500, however, to potentially simplify manufacturing and
assembly, the fixed post 536 is a separate unit from the fixed mount 528. As described in
greater detail below, subsequent to the installation of a flexible band or needle holder 560
(FIG. 97), the fixed post 536 is inserted into the opening 544 of the fixed mount 528 and
fixedly secured to the fixed mount 528. The fixed post 536 is secured to the fixed mount 528

by, for example, one or more screws. or by a snap-fit mechanism.

[0076] In conjunction. the maze 532 and the fixed post 536 form a circuitous path for the
needle holder 560. As illustrated in FIG. 97. the needle holder 560 is shaped into the
circuitous path with the identified needle 200 being disposed in the activated position.

[0077] The user dial 508, shown in F1G. 98, includes a plurality of internal engaging
structures or radially inward protrusions 572. During rotation of the user dial 508, the inward

protrusions 572 engage upper and lower needlzs guides 564 and 568 (see FIG. 97) to advance

the needle holder along the circuitous path.

[0078] FIGS. 99-108 illustrate a method of assembly of the needle changing device 500.
Initially, an assembler zxially slides the fixed mount 528 and the maze 532 together.
Subsequently, as showr in FIG. 99, the assembler places the needle holder 560 over the fixed

mount-maze assembly. Next, the assembler inserts the fixed post 536 into the opening 544 to
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form the circuitous path (FIG. 100). Then, as shown in FIG. 101, the assembler secures the
bottom housing 504 to the maze 532 using, for example, screws or bolts. Also shown in FIG
101, a proximal surface 576 of the bottom housing 504 interacts with the lower needle guides
568 and functions as a guiding surface for the needle holder 560 as it travels on the outer
surface of the maze 532 along the circuitous path. Additionally, the bottom housing 504
includes a radially inward protrusion 580 that provides support for the fixed post 536 during
the axial sliding of, for example, the user dial 508, the bottom housing 504, and the maze
532.

[0079] Next. as shown in FIG. 102. the assembler secures a dial ratchet 584 for permitting
rotation of the user dial 508 in only a single direction to the maze 532. Subsequently, the
assembler places the user dial 508 and the dial top 588 secured thereto onto the device (FIG.
103). Then, as shown in figs 104 and 105, the assembler installs the user button 516 and

secures the cap 512 to the dial ratchet 584 using, for example screws or bolts.

[0080] As shown in FIG. 106, the assembler subsequently inserts guide pins 592 into the
user dial 516 and the cap 512. The guide pins 592 are fixed to the user button 516 using, for
example, an adhesive. Finally. as shown in FIGS. 107 and 108, the assembler inserts the

needle counter 520 and fixes the top cover 524 to the device.

[0081] In operation, similar to the changing device 100, the changing device 500 is first
connected to pen injector 50. Subsequently. the user rotates the user dial 508 two the needle
holder 560 along the circuitous path so that a selected one of the plurality of needles 200 is
disposed at the activated position. This rotation of the user dial 508 also radially extends the
user button 516. Next, the user proximally slides the user dial 508. This action exposes the
patient and of the needle 200 outside of the changing device 500 and fluidly connects the

non-patient end of the necdle 200 with the medicament container 12 of the pen injector 50.

[0082] Then. after delivering the medicament dosage, the user presses the user button 516
radially inward. thereby advancing the needle counter 520 and permitting the subsequent
distal sliding of the user dial 508. This distal sliding of the user dial 508 re-sheathes the
patient end of the needle 200 within the bottom housing 504 and disconnects the non-patient

end of the needle 200 from the medicament container 12. The distal sliding the user dial 508
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also permits subsequent rotation of the user dial 508 to select another one of the plurality of
needles 200.

[0083] According to one embodiment shown in FIGS. 109 and 110, rather than the user
button 120, the changing device 100 or 500 includes a simple passive snap that holds the

device in a state ready to deliver medicament.

[0084] Although the previously-described embodiments refer to pen injection devices, it
will be understood by one skilled in the art that embodiments of the present invention may

also be used with other medicament injection devices, such as syringes.

[0085F Typical insulin delivery pens require users to change needles after each injection.
These needles take up to six user steps to install and remove from the pen; in addition, the
user is vulnerable tc accidental needle sticks when manipulating the needle. Embodiments of
the present invention provide novel means for changing needles in a contained, efficient, and
user-friendly manner. An array of needles is contained within the device, attached to the end
of a typical pen injector 50, or likewise, integrated into a specially designed delivery device.
The device itself has an exterior twisting dial for the user to advance a fresh needle to the
delivery position. This dial then can be pulled in the proximal direction of the pen body. As
the user pulls back on the dial, the proximal end of the new needle pierces the pen cartridge
septum, and the distal end exposes itself for insertion into the delivery site. According to one
embodiment, when the delivery is complete, the device springs back into the initial un-pulled
state, removing the needle from the pen septum and sheathing the exposed distal end of the
needie. According to another embodiment, the user slides the device back into the un-pulled
state. The user may now advance the next needle into the delivery or selected position and

start the process again.

[0086] Within the device, a maze-like path positions the needles around the distal end of
the pen injector. One needle is clamped in the delivery position, directly under the septum,
whereas the other needies sit at the same vertical height relative to the pen. When the device
is putled up toward the pen, the delivery needle slides through its needle hub, piercing the
septum. The other needles move to a higher level up the pen body, allowing the distal end of

the delivery needle to be exposed. According to one embodiment, after delivery, the delivery
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needle is then removed from the septum via a spring which transmits force to the same
clamping mechanism that lifted the needle into the septum. The delivery needle, removed
from the septum returns to the same height (along the pen) as the remaining needles. The
used needle is now ready to be moved in the circuitous path, away from the delivery position,

and a new needle advances and takes its place. The process can then be repeated.

[0087] Currently there are no fully automatic needle changing devices on the market. There
are devices that aid with individual steps of the needle changing process, including needle
storage, needle attachment, needle removal, and needle disposal. None of these devices,

however, integrates the needle changing processes into a single device.

{0088] The circuitous band of needles housed within the present device serves as an
excellent storage mechanism. Sterility barriers over new needles greatly reduce the potential
for contamination. In addition, the housed band of needles integrates storage with the pen,

reducing the need for users to carrv large and cumbersome Kkits.

[0089] Cumbersome and potentially dargerous needle attachment is made easier for the
user. The device interfaces are more user friendly than the typical pen needle hub. With
embodiments of the present invention. the user can interface with a familiar twist grip,
inserting the needle with a twist then a pulling motion. Currently, the user must remove the
top of the needle container, twist the needle onto the pen, remove the needle container, and
then finally remove a needle cap. While there are some needle storage devices that aid in
placing the needle hub on the pen, the user still must remove needle hub packaging,
including the inner needle sheath, to place a needle hub onto a typical insulin pen. In
embodiments of the present invention, the typical four meticulous steps with small sharp

needle hubs have been reduced to two intuitive steps with ergonomic user interfaces.

[0090] Needle removal and disposal has been simplified with embodiments of the present
invention. There are devices that aid in removing needles from pens after use, including
needle clipping devices and sharps containers that pull the needle from the pen body. But
these devices are more cumbersome when compared to embodiments of the present
invention. One embodiment of the present invention includes an automated removal step.

Additionally, by including a needle shield or sheathing, embodiments of the present invention
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can remove the needie from the septum after delivery and place it in used needle storage

without further user input.

[0091] Sevcral factors make embodiments of the present invention reliable. For example,
the needle holder can fix the needle position. Additionally, gear teeth or axial grooves in
combination with a flexible needle holder and a center snap arm can provide a simple
advancement mechanism. Further, having the bottom of the device drive the needle into the
septum and having the needle slide through the needle holder provides a simple engagement

mechanism.

[0092) The engagement between the user gear/axial grooves and the needle holder is
flexible. thereby allowing loose system tolerances, i.e., the manufacturing tolerances are not

overly small. Moreover. needle straightness and alignments are not critical for proper septum

engagement.

[0093] The degree of rotation of t-z user dizl can be made large in embodiments of the
present invention, to address patient dexterity issues. Further, the needle holder can ensure
that the needle stays in place after a device impact, thereby making embodiments of the

present invention robust.

[0094] FEmbodiments of the present invention can integrate the needle changing process
into a single device. Needle storage. needle attachment. needle removal, and needle disposal

can now be accomplished via a single system.

[0095) MNew needles can be located underneath the septum and attached to the pen
injector’s {luid system via a continuous band of needles. The band can include hubs in which
the needles are slidably mounted. The user can turn this band with a dial, placing the new
needle into position. and moving the used one into storage. By pulling the dial upwardly
along the pen. the delivery needle then slides through the band hub and sterility barriers slide

down the needle. allowing the needie to pierce the septum and expose itself for delivery.

[0096)1  According to one embodiment of the present invention, the needle is removed from
the septum and sheathed into the device via an unlocking mechanism attached to a needle
shield. This shield is compressed during needle insertion, indicating that a delivery is being

made. According to one embodiment of the present invention, as the shield moves into the
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device, the shield unlocks a spring that was compressed during the needle attachment. This
spring then releases the device to move back toward the distal end of the pen. The device has

arms which pull the needle from the pen septum.

[0097] According to one embodiment of the present invention, the needle holder is pulled
through a circuitous path via arms on the external user dial. According to another
embodiment of the present invention, the needle holder is pulled through the circuitous path
via engagement with axial slots in the user dial. According to yet another embodiment of the
present invention, the needle holder is pulled through the circuitous path via engagement
with a rack an opinion system. As the necdle holder winds through the device, the frictional
force will grow if a single arm is engaged throughout the turn. This principle is similar to a
rope winding around an anchor. As shown in FIG. 111, with each degree of wrap, the force

needed to pull the rope over the anchor increases.

1? — Ho
S2 S1

where Fg; is the force that needs to be pulled by the rope, Fsa is the force needed to pull Fs;

with the rope, 1 is the coefficient of friction, and o is the wrapping angle.

[0098] According fo one embodiment of the present invention, flexible hub interface arms

are employed to ensure that the user dial force is not excessive.

[0099] Linking the needles via a needle holder can give each needle a known position,
aiding handling. The ncedle holder can a!so keep needles secure in the event of sudden
shocks/impulses to the device.

[0100] In an exemplary embodiment of the present invention, each new needle, i.e., prior
to being used for an injection, stered in the needle changing device is individually sterile,
thereby preventing centamination of a new needle by a used needle. For example, a sterility

barrier is provided for each new needle.

[0107] In another exemplary embediment of the present invention, each used needle

remains accessible sucl: that the user has access to the used needles in case of an emergency.
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Alternatively, only the last needle is always accessible, thereby providing an available needle

in casc of emergency.

[0102] Although only a few embodiments of the present invention have been shown and
described. the present invention is not limited to the described embodiments. Instead, it will
be appreciated by those skilled in the art that changes may be made to these embodiments
without departing from the principles and spirit of the invention, the scope of which is

defined by the claims and their equivalents.
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What is claimed is:

1. A needle changing device for use on a pen injector, the needle changing device
comprising:

a housing enclosing:
a fixed mount that is configured to engage the pen injector;
a plurality of needles configured to pierce a cartridge septum of the pen injector;

a cap that rotates and identifies which needle of the plurality of needles is to be
selected; and

a user dial that applies a force to expose a portion of the selected needle outside the
needle changing device;

wherein when the housing is in a first position, the plurality of needles is not exposed
outside the needle changing device, and when the housing is in a second position, the
selected needle is partially exposed outside the needle changing device for medicament
delivery; and

wherein return of the housing from the second position to the first position rotates the user
dial to select another selected needle of the plurality of needles.

2. The needle changing device of claim 1, wherein
each of the plurality of needles is secured to a respective needle guide; and

the user dial includes a snap arm that contacts one of the plurality of needle guides
configured to expose a portion of a distal end of the selected needle outside the needle
changing device when the housing is in the second position.

3. The needle changing device of claim 1, wherein the user dial rotates with respect to
the housing and moves axially with the housing when the housing travels from the first
position to the second position and returns to the first position.
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4. The needle changing device of claim 1, wherein the fixed mount engages and
secures the housing at each of the first and second positions.

5. The needle changing device of claim 1, further comprising a needle counter to alert a
user to how many needles remain unused.

6. A method of operating a needle changing device on a pen injector, the method
comprising:

connecting the pen injector to a housing of the needle changing device;
rotating a cap to identify which needle of the plurality of needles is to be selected;

applying a force, by a user dial, to the selected needle to expose a portion of the selected
needle outside the needle changing device;

piercing a cartridge septum of the pen injector with the selected needle of the needle
changing device;

displacing the housing from a first position in which the plurality of needles is not exposed
outside the needle changing device to a second position in which the selected needle is
partially exposed outside the needle changing device for medicament delivery; and

rotating the user dial when displacing the housing from the second position back to the first
position to select another selected needle of the plurality of needles.
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