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exchanging data regarding a medicament traveling from the medication de-
livery pen (4) to the needle assembly (2, 102), the electronic system (200)
comprising a hub (202) having a spike (204) that is configured to engage the
medication delivery pen (4) and pierce a reservoir septum of the medication
delivery pen (4), a flow sensor (220) that is in fluid communication with the
hub (202) to measure flow data of the medicament, a circuit board (250) elec-
trically contacting the flow sensor (220) to process and transmit the flow da-
ta, the circuit board (250) including a fluid path hole (254) to route a flow
of medicament, and a septum body (270, 284) that is configured to provide
fluid communication between the flow sensor (220) and one of a plurality of
needles (40, 124) of the needle assembly (2, 102) to administer the medica-
ment to a patient.
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PEN NEEDLE EXCHANGE SYSTEM

G001} This application claims the benefit under 35 U.S.C. § 119} of UK.
Provisional Patent Application Serial 62/328,670, filed on April 28, 2016, which is hereby

mcorporated by reference in its entirety.

FIELD

0002} Various exemplary embodiments of the invention relate to medication pens.
BACKGROUND

{0003] Medication pens are typically used to inject medication into a patient. A

person who must periedically self-inject doses of medication will typically carry a medication
pen and several single-use pen needles. A medication pen is designed for safety and sterility.

However, inefficiencies and inconveniences arise,

SUMMARY OF THE INVENTION

[O004] |t is an aspect of the present invention to provide an electronic exchange system
that is atfachable to a medication pen to analyvze medicament flow and communicate
medicament data. Such an electronic exchange system provides advaniages in separating a
patient end and a non-patient end by acting as an intermediary between the medication pen
and an injection surface. The electronic exchange system also advantageously allows for
engagement and disengagement to the medication pen. Moreover, electrical components of
the slectronic exchange system are advantageously sealed from medicament flow,
Specifically, the medicament flow is strategically routed around various electrical
components for system compactness, improved reliability and an improved operational
interface.

fO008] Having a magazine of needles available for medication delivery reduces needle
reuse. Needle reuse is undesired for at least the following reasons. The needle dulls afier a

single use and so subsequent use may cause pain to the patient. Multiple needle use can also
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reduce the strength of the needle tip which may cause a potential fracture. Also, needle reuse
increases sanitary concerns and health risks to the patient.

[O006]  The needle assembly of the present invention advantageously reduces reuse for at
least the following reasons. Although patients may desive to financially benefit from vsing a
needle multiple times, the needle assembly is configured to prevent each of the plurality of
needles from being used more than once. Convenience is another reason patients reuse
needles, Patients may also be concerned about not having another needle available for use or
not having access to supplies. However, the needle assembly conveniently provides multiple

needles so that an unused needle is more readily available.

0007} The foregoing and/or other aspects of the present invention can be achieved by
providing an electronic system connectable to a medication delivery pen and a needle
assembly, the electronic system exchanging data regarding a medicament traveling from the
medication delivery pen {o the needle assembly, the electronic system comprising a hub
having a spike that is configured to engage the medication delivery pen and pierce a reservoir
septum of the medication delivery pen, a flow sensor that s in fluid communication with the
hub to measure flow data of the medicament, a circuit board electrically contacting the flow
sensor {o process and transmit the flow data, the circuit board including a fluid path hole to
route a flow of medicament, and a septum body that is configured o provide fhaid
communication between the flow sensor and one of a plurality of needles of the needle

assembly to administer the medicament to a patient.

D008} The foregoing and/or other aspects of the present invention can also be achieved
by a method of operating an electronic system connectable to a medication delivery penand a
needle assembly, the electronic system exchanging data regarding a medicament traveling
from the medication delivery pen to the needle assembly, the method comprising piercing a
reservoir septumn of the medication delivery pen with a spike enclosed in a hab, connecting
the medication delivery pen to the hub, providing fluid conununication between the spike and
a How sensor to measure flow data of the medicament, processing and transmitting the flow
data from the flow sensor to a circuit board, and routing medicament flow from the flow
sensor, through the circuit board and to a septum body for delivery of the medicament o a

patient when the septuon body is connected to the peedle assembly.

.
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[O009]  Additional and/or other aspects and advantages of the present invention will be set
forth in the description that follows, or will be apparent from the description, or may be

iearned by practice of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

{O010] The above aspects and features of the present invention will be more apparent
from the description for the exemplary embodiments of the present invention taken with
reference to the accompanying drawings, in which:

{0011] Figure laillustrates a front perspective view of an exemplary electronic exchange
system attached to 8 needle assembly;

[0012] Figure 1b illustrates the front perspective view of the electronic exchange system
attached to the needle assembly of Figure 1a with a frame or cover removed;

f0013] Figwre 2 illustrates a front perspective view of an electronic exchange system
conmected o a medication delivery pen and attachable to a needle assembly;

[0014] Figure 3 illustrates a cross sectional view of the electronic exchange systeny;
I00158] Figure 4 illustrates a cross sectional view of the needle assembly connected to the
glectronic exchange system in a first position;

[0016] Figure § illusirates a cross sectional view of the needle assembly connected to the
electronic exchange system in a second position;

{GO1¥]  Figure 6 illustrates a cross sectional view of the needle assembly commected to the
electronic exchange system with a cover moving the needle assembly from the second
position to the first position;

{O0318] Figure 7 illustrates a cross sectional view of the needle assembly connected to the
electronic exchange system with the cover disposed in the first position of the needle
assembly;

[0018]  Figure § illustrates a front perspective view of a hub;

FO020] Figure 9 illustrates a rear perspective view of the hub;

0021 Figure 10 illustrates a front perspective view of the frame;

f0022] Figure 11 illustrates a top perspective view of the frame;

f0023]  Figure 12 illustrates a bottom perspective view of the frame;

[G024]  Figure 13 illustrates a top perspective view of a flexible battery;

.
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f0025B] Figure 14 tlusirates a top perspective view of a flow sensor;

0036} Figure 15 illustrates 3 bottom perspective view of the flow sensor;

{O03T] TFigure 16 illustrates a transparent perspective view of the flow sensor;

{OG28]  Figure 17 illustrates a top view of a flexible circuit board in an unfolded position;
{0039]  Figure 18 iHlustrates a left perspective view of the flexible circuit board in the
folded position;

fO030] Figure 19 illustrates a bottom left perspective view of the flexible circuit board in
the folded position;

{0031]  Figure 20 illustrates a right perspective view of the flexible circuit board in the
folded position;

f00323] Figure 21 illustrates a frount perspective view of an upper septum;

[O033]  Figure 22 illustrates a bottom perspective view of the upper septum;

00341  Figure 23 tlustrates a top perspective view of a lower septurg;

[0035] Figure 24 tllusirates a bottom perspective view of the lower septum;

[00386] Figure 25 Hlustrates an electronic exchange system including an activation switch
being a detector swiich;

[OQ3T]  Figure 26 illustrates an electronic exchange system including an activation switch
being a tactile switch;

{0038} Figure 27 illustrates an electronic exchange system including an activation swiich
being a hall effect sensor;

JO03%9]  Figure 28 illustrates a cross sectional view of an electronic exchange system
connected to another embodiment of the needie assembly in a first position;

{0040] Figure 29 ilustrates a perspective view of an electronic exchange system
connected to the embodiment of the needle assembly of Figure 28 in a second position;
0041] Figure 30 illustrates a front perspective view of the electronic exchange system
connected to the needle assembly of Figure 28 with the frame removed; and

004327 Figure 31 illustrates a front perspective view of the electronic exchange system

connected 1o the needle assembly of Figure 28.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

~ B
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fO043]  Figures la, 1b and 2, according to one embodiment, illustrate an exemplary
electronic exchange system 200 engaged to a needle assernbly 2. The electronic exchange
system 200 is enclosed by a frame 210 which is fixed to a hub 202 via a plurality of {langes
214. The electronic exchange system 200 is electrically activated for use by a tactile switch
262. Additional components of the electronic exchange system 200 inchude a flexible battery
236, a foam pad 240 and a flexible circuit board 2530, Further details of cach of these features
are described below,

fO044]  The electronic exchange system 200 of Figures 1a, 1b and 2 is connected o an
exemplary needle assembly 2. The needle assembly 2 includes a selector ring 16 having a
selector opening 18 that exposes a peel tab 60 including a tab 64 so that one of a plurality of
hollow needles 34 may be exposed for medication delivery. Further details of the needle
assembly 2 are described below.

[0045] Figure 2, according to one emmbodiment, illustrates a typical medication delivery
pen 4 used for injecting medicament, such as liguid drugs, into a living body. The electronic
exchange system 200 is mounted on the medication delivery pen 4 to analyze medicament
flow. The needle assembly 2 is configured to mount on the electronic exchange system 200
to enhance medication delivery by providing the plurality of needles 34 with sharp proximal
ends 36 for use. The needle assembly 2 can be replaced so that the medication delivery pen 4
and the electronic exchange system 200 can continue to operate as needed. Benefits and
advantages of the electronic exchange systern 200 cooperating with the medication delivery
pen 4 and the needle assembly 2 are described below.

{0046] According to one embodiment, Figure 3 illustrates a cross sectional view of the
electronic exchange system 200, The hub 202 includes a hollow spike 204 and a plurality of
notches 206, As illustrated in Figures 8 and 9, the hollow spike 204 1s configured to pierce a
vial, cartridge or reservoir septum (not shown} of the medication delivery pen 4. When the
glectronic exchange system 200 is mounted on the medication delivery pen (non-patient end},
a sharpened proximal end of the hollow spike 204 pierces the reservoir septum {o establish
fluid commurdcation between the electronic exchange system 200 and the medication
delivery pen 4. Specifically, the hollow spike 204 piercing the reservoir septumm provides
fluid communication between the electronic exchange system 200 and an insulin cartridge,

for example, of the medication delivery pen 4.

~ o
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f0047T] The hub 202 also includes a plurality of notches 206 that each engages one of the
plurality of flanges 214 in the frame 210, As illustrated in Figure 13, the hub 202 and the
plurality of notches 206 are externally visible to a user. The plurality of flanges 214, as
illustrated in Figures 16-12, extends from a top surface of the frame 210, Sucha
configuration secures the frame 210 to the huab 202, Preferably, the hub 202 is transhucent
and configured to illominate from the light emitted from LEDs 260. As described below,
such a configuration advantageously indicates device status to the user since the hub 202 is
externally visible.

{0048] The frame 210, according to one embodiment, further includes a frame pocket 212
including a hole, and a protruding key 216, As illustrated in Figures 18-12, the frame pocket
212 is a substantially square shaped recess along an inner diameter of the frame 21¢. A hole
extends through the frame pocket 212 at its conter. The frame pocket 212 is configured to
carry a substantially square shaped tactile switch 262 although a variety of shapes of the
frame pocket 212 and the tactile switch 262 is contemplated. The tactile switch 262 extends
through the hole of the frame pocket 212 so that the user can compress the tactile switch 262
and activate the electronic exchange system 200,

(00497 The protruding key 216 is located at 8 bottom inner surface of the frame 210
where the components of the electronic exchange system 200 are disposed. The protruding
key 216 exiends from the bottom inner surface to engage a corresponding groove, recess or
extruded key 288 in a lower septum 284, This engagement provides alignment between the
lower septum 284 and the frame 210, Further information regarding the lower septum 284 is
described below.

{0050]  According to one embodiment, the electronic exchange system 200 further
includes a flow sensor 220, The flow sensor 220, as illustrated in Figures 14-19, include g
flow sensor housing 222 that houses the electrical components of the flow sensor 220,
Medicament travels through a flow path 244 in the flow sensor 220 by entering via a sensor
inlet 224 and exiting via a sensor outlet 226,

[O0B1]  Asillustrated in Figure 3, the sensor inlet 224 is centered along a longitudinal
edge of the flow sensor housing 222 and is aligned with the hollow spike 204 of the hub 202
in the electronic exchange system 200. The sensor inlet 224 includes a nibber seal or O-ring
scal 228 that provides a hermetic or leak free interface between the flow sensor 220 and the

~
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hub 202. Such a configuration advantageously prevenis medicament from contacting
electrical components in the electronic exchange system 200, The sensor outlet 226 engages
an upper septum 270 to establish fluid cormmunication s described below,

{0082] The flow sensor 220 1s advantageously configured so that there 15 no direct fluid
contact between the medicament and a sensor chip or other electrical components. Instead,
the flow path 244 rouies the medicament through the flow sensor housing 222 to measure and
extract the necessary medicament flow data. Preferably, the flow sensor 220 is a Sensirion
LPG10 flow sensor,

f0053] The flow sensor 220 further includes electrical contacts 230, The electrical
contacts 230 are disposed on an exterval surface of the flow sensor housing 222 to
communicate flow data. In the electronic exchange system 200, the flexible circuit board 250
is electrically connected to the Jow sensor housing 222 of the flow sensor 220 to recetve and
analyze the medicament flow data.

[0054] The clectronic exchange system 200, according fo one embodiment, also includes
the printed circuit board 250. Preferably, the printed circutt board 250 is a flexible cirenit
board. Figure 17 illustrates the flexible circuit board 250 in a flat condition prior to folding
{unfolded position), whereas Figures 18-20 illustrate the Hexible circuit board 250 in i
operational condition after folding (folded position). As illustrated in Figure 3, the flexible
circutt board 250 in the folded position in the electronic exchange systern 200 advantageously
provides a compact arrangement of electronics. The following components of the flexible
cireuit board 250 are described in view of the folded position.

[O0558]  The flexible circnit board 250 includes battery connector pads 252 that electrically
connect to battery contacts 238 of a battery 236 ag Hlustrated in Figures 13 and 18-20. The
battery 236 is preferably a flexible battery with a step-up converter o increase voliage.
Alternately, the battery 236 includes two flexible batteries stacked together in series, each
with & voltage capacity of approximately three volts, for example.

[O086]  The battery 236 advantageously aids to provide a compact arrangement of
glectronics in the electronic exchange system 200, Preferably, the battery 236 includes three
battery contacts 238. The battery contacts 238 of the battery 236 are spaced apart from each

other in a civcumferential direction and disposed at a distal end of the battery 236. The

T
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battery 236 surrounds the flexible circuit board 258 by approximately 315° when assembled
int the electronic exchange system 200,

{BOBTY]  The battery connector pads 252 are also spaced apart from each other in a
circumierential direction and disposed at a distal end of the flexible circuit board 250. The
batiery contacts 238 of the battery 236 align and contact the battery conmector pads 252 of the
flexible circuit board 250, The battery 236 provides electrical energy for the electronic
components in the electronic exchange system 200 to operate.

0088  The Hexible circuit board 250 further includes a fluid path hole 254,
Alternatively, the fluid path hole 254 is a cutaway portion at a circumferential edge of the
flexible circuit board 250, As illustrated in Figures 3 and 18-20, the fluid path hold 254 is
disposed on a horizontal surface of the flexible circuit board 250, Specifically, as illustrated
in Figure 3, the hortzontal surface of the flexible circuit board 230 15 disposed between the
flow sensor 220 and the upper septum 270, The fluid path hole 254 advantageously allows
the medicament How {o travel through the flexable cirenit board 250, Specifically, the fhud
path hole 254 allows the sensor outlet 226 to engage the upper septum 270, The fluid path
hole 254 advantageousty allows for a coropact arrangement of electronics in the electronic
exchange system 200 without inconveniently rerouting the flow path 244 arcund various
components.

I0059]  As described above, the flow sensor 220 is connected to the flexible cirenit board
250 via a sensor connector pad 256, As illustrated in Figures 18 and 20, the sensor connector
pad 256 1s disposed horizontally and adjacent o the horizontal surface of the flexible circuit
board 250 in the folded position. The sensor connector pad 256 1s also disposed adjacent to
the fluid path hole 254 and below the flow sensor 220, Accordingly, the sensor connector
pad 256 aligns with the electrical contacts 230 of the flow sensor 220 when the exchange
system 200 1s assernbled. In this manner, the flexible circuit board 250 advantageously
receives the flow data from the flow sensor 220 for further analysis and processing.
Moreover, such transfer of flow data from the flow sensor 220 o the flexible circuit board
250 advantageously occurs through a compact arrangement of electronics in the electronic
exchange system 200,

f0060]  As illustrated in Figure 20, various circuit board components 258 are connected to

the flexible civcuit board 250, According o one embodiment, some of these componenis
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include a plurality of light emitting diodes (LEDs) 260, a tactile switch 262, a Blustooth chip
264, a memory chip 266 and a microprocessor 268,

{0061]  In an alternate configuration, a microprocessor and a memory chip included ina
standard Bluetooth chip may be sufficient and not require these components separately on the
flexible circuit board 250, In this instance, the Bluetooth chip will require various stmple
circuit elements such as resistors, capacitators and diodes to function properly.

[00832] The plorality of LEDs 260, as illustrated in Figores 18 and 19, preferably inclodes
three LEDs 260. The LEDs 260 are disposed and spaced apart from each otheron a
circumferential surface of the flexible circuit board 250, The circumferential surface is
disposed at a proximal end of the flexible circuit board 250. The LEDs 260 indicate device
status.

{0063} For example, if the LEDs 260 are together illuminating solid light, the electronic
exchange systern 200 1s powered on and ready for operation. If the LEDs 260 are together
blinking, the medicament is being delivered and will continue to blink for ten seconds after
the dose is delivered to the patient. If the LEDs 260 are together not iHuminated, the
electronic exchange system 200 is powered off. Alternately, the LEDs 260 can illuminate in
different colors or individually to indicate device status. For example, the LEDs 260 can
illaminate different colors to indicate various error conditions {clogging or low battery, for
egxample), as well as pairing status with a Bluetooth enabled external device.

[Q064] As described above, the LEDs 268 also indicate when the electronic exchange
system 200 is paired to an external system such as a smart phone or a computer. Moreover,
the LEDs 260 are illuminated doring dosing to indicate flow status such as in “progress,”
“complete,” “clogging,” when the electrical communication is paired for real-time transfer of
delivery data to the external system, and when the user can remove the delivery device needle
{e.g., flow rate indicates injection is complete, or the microprocessor 268 determines the flow
over a designated period of time maiches an inputted dose amount), among other states.
[OO68]  Preferably, the hab 202 is translucent and configured to receive the light emitted
from the LEDs 260, The hub 202 is configured to diffuse the light emitted by the LEDs 260
arpund an entire outer perimeter of the nesdle assembly 2 and the electronic exchange system

200. In this manner, the device status of the electronic exchange system 200 is more obvious
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from varicus viewing angles. Alse, the device status of the electronic exchange system 200
is determined by the user based on illumination of the hub 202.

[0066]  As illustrated in Figures 18 and 20, the tactile switch 262 is connected on a side
surface of the fexible civcutt board 250, The side surface is a vertical surface connecting the
horizontal surface, including the fluid path hole 254, and the circumferential surface,
including the plurality of LEDs 260, of the flexible civcutt board 250, Figure 3 illustrates that
the tactile switch 262 is disposed within the hole in the frame pocket 212 of the frame 210,
The tactile switch 262 extends through the hole of the frame pocket 212 so that the user can
compress the tactile switch 262 to operate (i.¢. activate and deactivate} the electronic
exchange systemn 200,

[O08T]  Asillusitrated in Figores 19 and 20, the Bluetooth chip 264 15 also disposed on the
horizontal surface of the flexible cireuit board 250, In the electronic exchange system 200,
the Bluetooth chip 264 is disposed above and adjacent to the upper septum 270, The
Bluetooth chip 264 provides data conununication between the electronic exchange systemn
200 and the external system. Alternatively, Wi-Fi technology can be used in place of the
Bluetooth chip 264 {or similar pwrposes.

[CO68]  Figure 20 illustrates the memory chip 266 disposed on the horizontal surface of
the flexible circuit board 250. The memory chip 266 stores information when the flow data
or any processed information is not transferred to the external system,

{B06%] According to an alternate embodiment, data provided during or immediately after
imjection from the electronic exchange system 200 is avtomatically transferred and stored at a
memory device in the external system with a time stamp using a clock in the external system.
In this manner, the electronic exchange system 200 does not process the flow data. Instead,
while dosing is in progress, the external system can be configured by an app, for example, to
receive and process flow data to determine flow rate over time, total dose and other flow and
dosing characteristics.

IOO0F0]  Figure 20 also illustrates the microprocessor 268 disposed on the flexible cireuit
board 250, The microprocessor 268 provides the following functional advantages and
benefits. The microprocessor 268 receives a desired dose from the user via the Blustooth
chip 264 and analyzes the flow data received from the flow sensor 220 to determine a dose

delivery completion status. The microprocessor 268 measures time through a global

~ 13 A~
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positioning system (GPS) or alternatively includes a real time clock {e.g., Abracon AB-
RTCMC real-time clock module or equivalent thereof). The microprocessor 268 uses this
time data to determine rate of delivery and time of delivery completion. When the dosing is
being administered, the microprocessor 268 receives flow data from the flow sensor 220 and
determines how much time is needed to deliver the desired dose, total dose delivered, dose
time, dose rate, or dose status such as “in progress” or “complete.” Additionally, flow data
during delivery indicates issues such as clogging and generates user alerts during dosing.
The microprocessor 268 also calculates a dose history for the user to access.

fOOTE]  The microprocessor 268 transfers the data regarding drug delivery status (e.g.,
complele or in progress, as described above) or other delivery information {(e.g., rate, timing,
as described above) in real-time {(c.g., during injection)} or at any time such as after injection.
For example, the electronic exchange system 200 captures time of dose and seands timing
information with flow and total amount delivered data to the external system. This transfer
occurs via the Wi-Fi technology or the Bluetooth chip 264 as described above.

{0072]  According to one embodiment, the foam pad 240 has a cylindrical shape similar to
the flexible battery 236. However, the foam pad 240 is tubular shaped. The foam pad 240 1s
adjacent to the hub 202 and the flow sensor 220 at an inner diameter surface of the foam pad
240. The foam pad 240 is also adjacent to the flexible battery 236 and the Hexible circuit
board 250 at an outer diameter surface of the foam pad 240, Thus, the foam pad 240 is
advantageously disposed between various components of the clectronic exchange system
2040,

FOOYI]  The foam pad 240 advantageously provides a small force when compressed. The
arrangement of components in the elecironic exchange system 200 as illustrated in Figure 3,
compresses the foam pad 240 resulting in a compression force. Accordingly, the tactile
switch 262 of the flexible circuit board 250 receives the compression force from the foam pad
240. This compression force ensures that the tactile switch 262 protrudes out of the hole in
the pocket 212 of the frame 210 throughout operation of the electronic exchange system 200,
00741 According to one embodiment, the electronic exchange system 200 further
includes the upper septum 270 and the lower septom 284 (generally together referred to as
septum body 270/284). Figures 21 and 22 illustrate the upper septuim 270 including an input
chamber 272 being a through hole. The input chamber 272 1s offset from and not in-line with

~ T
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the center of the upper septum 270, A proximal end of the input chamber 272 connects to the
sensor outlet 226 of the flow sensor 220, A distal end of the input chamber 272 is in fluid
cormmunication with a delivery chamber 274, The inpuwt chamber 272 allows liquid
medicament to flow from the medication delivery pen 4 and to the delivery chamber 274,
IO0T5]  The delivery chamber 274 1s formed when the upper and lower septums 270, 284
are joined together. Specifically, the upper septum 270 further includes a first diameter 27§,
a second diameter 280 and a third diameter 282, The first diameter 278 is the largest of the
three diameters that covers the lower septum 284, The delivery chamber 274 s disposed
between outer surfaces of the second and third diameters 280, 282 of the upper septum 270,
Further details of the delivery chamber 274 are described below,

[O076] The upper septum 270 further includes an alignment keyhole 276. The alignment
kevhole 276 is disposed at a distal end of the upper septurn 270, The alignment keyhole 276
is a partially extruded hole and key slot at a bottom face of the third diameter 282, The
alignment kevhole 276 mates with a corresponding alignment protrusion 286 in the lower
septuim 284 for proper orientation of the upper and lower septums 270, 284,

F00TT]  The lower septumn 284 or priming septum is iHlustrated in Figures 23 and 24. The
lower septum 284 includes the alignment protrusion 286 that mates with the alignment
kevhole 276 of the upper septum 270 as described above. The alignment protrusion 286
extends from a bottom inner surface 294 of the lower septum 284,

fO0T8]  The lower septum 284 alse includes the groove, recess or extruded key 288
disposed at an exterior botiom surface of the lower septum 284, As described above, the
groove 288 mates with the protruding key 216 located at the bottom inner surface of the
frame 210, This feature orients the lower septurn 284 and the delivery chamber 274 to the
frame 210 for proper operation.

{OGFY]  The lower soptom 284 further includes an inner diameter 290 and an outer
diameter 292, The inner diameter 290 mates with the second diameter 280 of the upper
septumn 270 and provides direct sealing contact. The delivery chamber 274 is thus formed
within the inner diameter 290 and above the bottom inner surface 294 of the lower septum
284, as well as outside the third diameter 282 and below bottom surface of the second
diameter 280 of the upper septum 270, The input chamber 272 is aligned to be in fhad

communication with the delivery chamber 274, Thus, the delivery charaber 274 stores the
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medicament received from the input chamber 272 for medication delivery via an exemplary
needle assembly.

{OG88]  The upper septam 270 19 secured to the lower septum 284 via an annular snap fit
or an interference fit, for example. The upper septum 270 and the lower septum 284 are
preferably composed of different materials having different durometers. Such characteristics
enhance sealing between the second diameter 280 of the upper septum 270 and the inner
diameter 290 of the lower septum 284,

fOOB1] The clectronic exchange system 200, according to one embediment, can provide
alternate means for activation instead of using the tactile switch 262 in the flexible circuit
board 250, Figures 25-27 illustrate various activation switches 242, Each of the activation
switches 242 are mitiated when the user moves a housing 110 of the needle assembly 102, as
described further below. When the activation switch 242 is turned on, the LEID 260 is
iluminated in a similar manner as described above to show readiness of the electronic
exchange system 200

{O082] Figure 25 illustrates the activation switch 242 being a detector switch 243a. The
detector switch 243a will detect and determine when the housing 110 covers a predetermined
portion of the electronic exchange system 200 to activate the clectronic exchange system 200
Figure 26 illusirates the activation swiich 242 being a flanged switch 243b. When the
housing 110 moves and covers a predetermined portion of the electronic exchange system
200, the flanged switch 243b deflects and thus activates the electronic exchange system 200.
Figure 27 illustrates the activation switch 242 being a Hall Effect sensor 243¢. The Hall
Effect sensor 243¢ includes a magnet and a Hall Effect switch. The magnet is disposed in the
housing 110 and the Hall Effect switch is disposed on an exterior surface of the electronic
exchange systemn 200, When the housing 110 moves and aligns the magnet to the Hall Effect
switch, the Hall Effect sensor 243¢ activates the electronic exchange system 200,

{O0083] Figures la, Ih, 2, 4 and 5, according to one embodiment, illustrate the needle
assembly 2 that connects to the slectronic exchange system 2008, Specifically, a sharpened
proximal end 36 of the plurality of hollow needles 34 is disposed in the upper septum 270 in
a first position of the needle assembly 2 as Hustrated in Figure 4. The plurality of needles 34
extends through the delivery chamber 274, thus contacting the medicament. However, the

plurality of needles 34 is not in fluid communication with the delivery chamber 274,
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{0084} In asecond position of the needle assembly 2, as illustrated in Figure 5, one of the
phurality of needles 34 1s exposed for medicament delivery. In this instance, a proximal end
42 of a selected needle 40 is disposed in the delivery chamber 274 to receive medicament, A
distal end 44 of the selected needle 40 is exposed for medication delivery.

{G08SB]  The operation of the needle assembly 2 connected to the electronic exchange
system 200 is now explained in an exemplary manner as follows. According to one
embodiment, the user aligns and connects the needle assembly 2 to the electronic exchange
system 200, When the user desires to use the needle assembly 2 for medication delivery, the
selector ring 16 1s rotated to align with a peel tab 60 as iHustrated in Figures 1a, 1band 2. As
iHustrated in Figures 4 and 5, the user bends the tab 64 of the peel tab 60 of the selected
needle 40 from a retracted, compact postiion to an exitended position.

[O086] Next, the user pulls the tab 64 of the peel tab 60 of the selected needie 40 and
moves the needle assembly 2 from the first posttion of Figure 4 to the second position of
Figure 5. When the selected needle 40 is fully drawn out, the needle assembly 2 is in the
second position. Subsequently, the sterility barrier 60 is removed from the selected needle 40
and the needle assembly 2 is ready for medicament delivery. When the needle assembly 2
moves from the first position {o the second position, the needie post 530 of the selected needle
40 moves from a top position 1o 2 bottom position.

{OO87] In the second position of the needle assembly 2, a proximal end 42 of the selected
needle 40 also enters info Huid communication with the delivery chamber 274 of the
electronic exchange system 200, A distal end 44 of the selected needle 40 exits the selector
ring 16 and is exposed for medication delivery. Accordingly, medicament 1s received by the
proximal end 42 of the selected needle 40 and exits the distal end 44 of the selected needie 40
o be delivered to a patient.

[OO88] When the first needle of the plurality of needles 34 is used, the delivery chamber
274 1s filled with medicament, resulling in the needle assembly septum 270, 284 being
primed. Specifically, medicament must traverse and fill the complete fluid path of the
delivery chamber 274 to reach the first needie of the plurality of needles 34, Accordingly, the
incidence of air in the delivery chamber 274 is advantageously reduced. Removing air from

the fluid path also advantageously improves dose accuracy.
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{0089] Figures 6 and 7, according to one embodiment, illustrate the use of a cover 80 1o
return the needle assembly 2 from the second position to the first position. The cover 80
inclodes a oylinder 82, a base 84 and a protrusion 86, The cvlinder 82 15 configured o
surround the needle assembly 2. The base 84 is configured to cover a bottom portion of the
selector ring 16 of the needle assembly 2. The protrusion 85 extends from the base 84 and is
disposed centrally within the cylinder 82. When the cover 80 is placed on the needle
assembly 2, the protrusion 86 enters a selector hole 17 in the selector ring 16, The protrusion
86 of the cover 80 applies pressure by pushing the needle post flange 52 of the needle post 50
of the selected needle 40 from the bottom position to the top position.

[0090]  Figure 6 llustrate the needle assembly 2 moving from the second position o the
first position and Figure 7 illustrates the second position of the needle asserably 2. These
figures also illustrate that the needle post flanges 52 of each of the plurality of needles 34 are
arranged toward a central axis of the selector ring 16, Such a configuration advantageously
allows the protrusion 86 of the cover B0 to engage each of the plurality of needle posts
flanges 52 in the sclector hole 17 to move the needle post 50 from the bottom position {o the
fop position.

f0091] After the needie assembly 2 is returned to the first position, according o one
embodiment, an adjacent needle is preferably selected for use. The selector ring 16 is then
rotated to expose an adjacent peel tab 60 of the adjacent needle. However, the user has the
flexability to expose and choose any of the remaining phurality of peel tabs 60,

0082}  Once aneedle and respective peel tab 60 is selected, the selected peel tab 60 is
removed for operation in the manner described above. The selected needle 40 is then used
for medication delivery and afterwards, the cover 80 is used fo return the selected needle 40
to the first position of the needle assernbly 2. These steps are repeated until all of the
phreality of needles 34 is used. The combination of the selector ring 16 and the plurality of
peel tabs 60 simplify the needle assembly 2, allow for easy to use operation and improve
safety.

fO093]  Each of the plurality of needies 34 is advantageously isolated from the septum of
the medication delivery pen 4 throughout the operation of the electronic exchange system 200
and the needle assembly 2. Also, the needle assemblies 2, 102 can include a USH port to

transfer data. Such an arrangement advantageously provides simplicity in design, improves
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sterility, allows data transfer and provides a separation between a patient end and a non-
patient end.

f0094] Figures 28-31 illustrate the electronic exchange system 200 cooperating with
another exemplary needle assembly 102, The following describes the operation of the nesdle
assembly 102. According to one embodiment, the needle assembly 102 moves from a fivst
postiion, as iltustrated in Figure 28, and toward a second position, as illustrated in Figure 29,
where a sharpened distal end 128 of a selecied needle 124 of a plurality of hollow needles
118 is exposed for medicament delivery. As the needle assembly 102 leaves the first
position, the distal end 128 of the selected needle 124 begins to pierce a sealing septum 150
and the remaining plurality of needles 118 are all sealed and sterilized in the sealing septum
150 of the needle assembly 102,

[O0858]  When the housing 110 moves downward, a follower ring 130 and a snap ring 136
move downward as well. As the follower ring 130 moves downward, a follower 132 at a
bottom portion of the follower ring 130 engages one of a plurality of external fins 145 of a
bottom guide 144, Specifically, the follower 132 contacts one of the plurality of external fing
145 and the follower 132 slides along s tooth shaped edge to rotate the follower ring 130
while maintaining contact with the external fin 145.

f0096] A snap ring 136 also rotates because the snap ring 136 is rotationally connected to
the follower ring 130, Since the snap ring 136 is rotationally coupled to the follower ring
130, the snap ring 136 applies pressure to an extending portion 142 of a needle post 140 of
the selected needle 124, As a result, Figure 29 illustrates the distal end 128 of the selected
needle 124 piercing the sealing septumn 150 of the needle assembly 102 and exposing the
selected needle 124 for medication delivery.

[O097Y] When the needle assembly 102 is in the second position, as illustrated in Figure
29, the selected needle 124 amongst the plurality of needles 118 is exposed for medicament
delivery. Specifically, the follower 132 has completed rotation and is disposed between
external fins 145 of the bottom guide 144, The distal end 128 of the selected needle 124 18
ready for medication delivery, In this second position, a proximal end of the selected needle
124 enters into Huid communication with the delivery chamber 274 and the sharpened distal
end 128 of the selected needle 124 pierces the sealing septum 150 and is exposed. Each of

the plurality of needles 118 is aligned and configured to be in fluid communication with the
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delivery chamber 274 when selected by the snap ring 136. The proximal end 120 of the
remaining needles 118 continues to be disposed in the upper septum 270, The distal end 122
of the remaining needles 118 also continues to stay sealed and sterilized in the sealing septum
150 of the needle assembly 102,

{OO98]  When the needle assembly 102 returns from the second position back to the first
position as tllustrated in Figure 28, the user pulls the housing 110 back toward the medication
delivery pen 4. At the same time, a cap pushes the snap ring 136 and the follower ring 138
upwards which moves the extending portion 142 of the needle post 140 of the selected needle
124 upward. The distal end 128 of the selected needle 124 returns into the sealing septum
150 of the needle assembly 102, The sealing septum 150 encloses the selected needle 124
and protects the user,

{0089} Meanwhile, the follower 132 at the top portion of the follower ring 130 contacts
one of a plurality of ridges 117 of a septum housing 114 and causes the follower ring 130 to
rotate. The plurality of ridges 117 can be disposed externally or internally to the septum
housing 114, The follower 132 at the top portion of the follower ring 130 contacts one of the
plurality of external ridges 117 of the septum housing 114 and the follower 132 slides along
its tooth shaped edge fo rotate the follower ring 130 while maintaining contact with the
external ridge 117,

[GGL00] As the needle assembly 102 returns to the first position, as illustrated in Figure 28,
the follower ring 130 rotates and prepares the snap ring 136 to align with an adjacent needle
of the plurality of needles 118 for a subsequent injection. Specifically, the snap ring 136
elastically deflects in a radial divection and snaps over the extending portion 142 of the
needle post 140 of the adjacent needle of the plurality of needles 118, In this manner, the
next needle in the needle assembly 102 is ready for subsequent use.

{00101} The process of moving from the first position to the second position and back to
the first position while rotating the snap ring 136 repeats in the manner describe above so that
each needle amongst the plurality of needles 118 of the needle assembly 102 is individually
exposed in a consecutive manner from a first needle, to cach adjacent needle and to a last
needle.

fG0103] The foregoing detailed description of the certain exemplary embodiments has
been provided for the purpose of explaining the principles of the invention and its practical
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application, thereby enabling others skilled in the art fo understand the wnvention for various
embodiments and with various modifications as are suited to the particular use contemplated.
This description is not necessarily infended to be exhaustive or to limit the mvention to the
precise embodiments disclosed. Any of the embodiments and/or elements disclosed herein
may be combined with one another to form various additional embodiments not specifically
disclosed, as long as they don’t contradict each other. Accordingly, additional embodiments
are possible and are intended to be encompassed within this specification and the scope of the
invention. The specification describes specific examples to accomplish a more general goal
that may be accomplished in another way.

FO0103] As used in this application, the terms “fromt,” “rear,” “upper,” “lower,”
“upwardly,” “downwardly,” and other orientational descriptors are intended to facilitate the
description of the exemplary embodiments of the present invention, and are not intended to
fimit the structure of the exemplary embodiments of the present invention to any particular
position or oriemtation. Terms of degree, such as “substantially” or “approximately” are
understood by those of ordinary skill to refer to reasovable ranges outside of the given value,
for example, general tolerances associated with manufacturing, assembly, and use of the

deseribed embodiments.
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CLAIMS

1. An electronic system connectable to a medication delivery pen and a needle assembly,
the electronic system exchanging data regarding a medicament fraveling from the medication
delivery pen to the needle assembly, the elecironic system comprising:

a hub having a spike that is configured o engage the medication delivery pen and
plerce a reservoir septm of the medication delivery pen;

a flow sensor that 18 in fluid communication with the hub to measure flow data of the
medicament:

a circuit board clectrically contacting the flow sensor to process and transmit the flow
data, the circuit board including a fhaid path hole to route a flow of medicament, and

a septum body that is configured to provide fluid communication between the flow
sensor and one of a pharality of needles of the needle assembly to administer the medicament

{0 a patient.

2. The electronic system of claim 1, wherein the flow sensor includes an O-ring that

seals an interface between the hub and the flow sensor.

3. The electronic system of claim 1, Ruther comprising a foam pad surrounding the hub

and the flow sensor and applying a force to the circuit board.

4. The electronic system of claim 3, further comprising a flexible battery partially

surrounding the foar pad.

5. The electronic system of claim 3, wherein the circuit board sorrounds the foam pad.
&, The clectronic system of claim 4, wherein the flexible battery partially surrounds the
cireuit board.

7. The electronic system of claim 4, wherein the flexible battery electrically contacts a

distal end of the circuit board.
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&. The electronic system of claim 1, wherein the circuit board comprises a flexible

circuit board.

9. The electronic system of claim 1, wherein the circuit board includes a fluid path hole

o provide a medicament Hlow path between the flow sensor and the septum body.

10, The electronic system of elaim 1, wherein the civcuit board is disposed between the

flow sensor and the septum body.

11, The electronic system of claim 1, wherein the circuit board includes a connector pad

that electrically contacts the flow sensor.

12, The electronic system of claim 1, further comprising
a frame that encloses the electronic system, the frame including a hole; and
the circuit board includes a swiich, wherein

the switch is disposed in the hole of the frame and extends through the hole.

13, The electronic system of claim 12, wherein a foam pad applies a force to the switch so

that the switch projects through the hole of the frame throughout operation.

14, The electronic system of claim 1, wherein the circuit board includes a Bluetooth chip

to establish commumication with an external source.
15.  The electronic system of claim 1, wherein
the circuit board includes one or more LEDs to indicate device status; and

the one or more LEDs is disposed at a proximal end of the circuit board.

16,  The elsctronic system of claim 1, wherein one or more LEDs of the cireuit board

surrounds the hub and Mluminates the hub to indicate device status,
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17.  The electronic system of claim 1, wherein
the scptum body includes an input chamber and a delivery chamber; and
the input chamber transfers the medicament from the flow sensor to the delivery

chamber.

18.  The electronic sysiem of claim 1, wherein
the septum body includes an upper septum and a lower septui; and
an inner surface of the lower septum and an outer surface of the upper septum form a

delivery chamber.

19.  The electronic system of claim 1, wherein the one of the plurality of needles of the
needle assembly pierces the septum body fo establish fluid communication between the

medication pen and the needle assembly.

20, The electronic system of claim 1, further comprising an activation swiich to activate

the flow sensor for operation.

21, A method of operating an electronic system connectable to a medication delivery pen
and a needle assembly, the electronic system exchanging data regarding 8 medicament
traveling from the medication delivery pen to the needle assembly, the method comprising:

piercing a reservolr septum of the medication delivery pen with a spike enclosed ina
hub;

connecting the medication delivery pen to the hub;

providing fluid communication between the spike and a flow sensor (o measure flow
data of the medicament;

processing and transmitting the flow data from the flow sensor to a circuit board; and

routing medicament flow from the flow sensor, through the circuit board and to 2
septum body for deltvery of the medicament to a patient when the septum body is connected

to the needle assembly,
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AMENDED CLAIMS
received by the International Bureau on 23 August 2017 (23.08.17)

1. An electronic system connectable to a medication delivery pen and a needle assembly,
the electronic system exchanging data regarding a medicament traveling from the medication
delivery pen to the needle assembly, the electronic system comprising:

a hub having a spike that is configured to engage the medication delivery pen and
pierce a reservoir septum of the medication delivery pen;

a flow sensor that is in fluid communication with the hub to measure flow data of the
medicament;

a circuit board electrically contacting the flow sensor to process and transmit the flow
data, the circuit board including a fluid path hole to route a flow of medicament; and

a septum body that is configured to provide fluid communication between the flow
sensor and one of a plurality of needles of the needle assembly to administer the medicament

to a patient.

2. The electronic system of claim 1, wherein the flow sensor includes an O-ring that

seals an interface between the hub and the flow sensor.

3. The electronic system of claim 1, further comprising a foam pad surrounding the hub

and the flow sensor and applying a force to the circuit board.

4. The electronic system of claim 3, further comprising a flexible battery partially

surrounding the foam pad.

5. The electronic system of claim 3, wherein the circuit board surrounds the foam pad.

6. The electronic system of claim 4, wherein the flexible battery partially surrounds the
circuit board.

7. The electronic system of claim 4, wherein the flexible battery electrically contacts a

distal end of the circuit board.

AMENDED SHEET (ARTICLE 19)
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8. The electronic system of claim 1, wherein the circuit board comprises a flexible
circuit board.
9. The electronic system of claim 1, wherein the circuit board includes a fluid path hole

to provide a medicament flow path between the flow sensor and the septum body.

10.  The electronic system of claim 1, wherein the circuit board is disposed between the

flow sensor and the septum body.

11. The electronic system of claim 1, wherein the circuit board includes a connector pad

that electrically contacts the flow sensor.

12.  The electronic system of claim 1, further comprising
a frame that encloses the electronic system, the frame including a hole; and
the circuit board includes a switch, wherein

the switch is disposed in the hole of the frame and extends through the hole.

13. The electronic system of claim 12, wherein a foam pad applies a force to the switch so

that the switch projects through the hole of the frame throughout operation.

14.  The electronic system of claim 1, wherein the circuit board includes a short-range

wireless communication chip to establish communication with an external source.
15. The electronic system of claim 1, wherein
the circuit board includes one or more LEDs to indicate device status; and

the one or more LEDs is disposed at a proximal end of the circuit board.

16.  The electronic system of claim 1, wherein one or more LEDs of the circuit board

surrounds the hub and illuminates the hub to indicate device status.

AMENDED SHEET (ARTICLE 19)

23



WO 2017/189168 PCT/US2017/025325

17. The electronic system of claim 1, wherein
the septum body includes an input chamber and a delivery chamber; and
the input chamber transfers the medicament from the flow sensor to the delivery

chamber.

18. The electronic system of claim 1, wherein
the septum body includes an upper septum and a lower septum; and
an inner surface of the lower septum and an outer surface of the upper septum form a

delivery chamber.

19. The electronic system of claim 1, wherein the one of the plurality of needles of the
needle assembly pierces the septum body to establish fluid communication between the

medication pen and the needle assembly.

20. The electronic system of claim 1, further comprising an activation switch to activate

the flow sensor for operation.

21. A method of operating an electronic system connectable to a medication delivery pen
and a needle assembly, the electronic system exchanging data regarding a medicament
traveling from the medication delivery pen to the needle assembly, the method comprising:

piercing a reservoir septum of the medication delivery pen with a spike enclosed in a
hub;

connecting the medication delivery pen to the hub;

providing fluid communication between the spike and a flow sensor to measure flow
data of the medicament;

processing and transmitting the flow data from the flow sensor to a circuit board; and

routing medicament flow from the flow sensor, through the circuit board and to a
septum body for delivery of the medicament to a patient when the septum body is connected

to the needle assembly.

AMENDED SHEET (ARTICLE 19)
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22.  The electronic system of claim 9, wherein the fluid path hole is offset from a

centerline of the electronic system.

23. The electronic system of claim 18, wherein the upper septum is disposed within the

lower septum.

24, The electronic system of claim 18, wherein the circuit board is rotationally aligned to

the septum body.

AMENDED SHEET (ARTICLE 19)
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