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FIG.1

(57) Abrégé/Abstract:
Devices, systems and methods are provided to detect when items are removed from a multiple cavity carrier (MCC) that stores
items (e.g., pen needle assemblies) in respective cavities. A separate, reusable data collection unit (DCU) can be mounted to the

50 rue Victoria ¢ Place du Portage 1 ® Gatineau, (Québec) KI1AOC9 e www.opic.ic.gc.ca i+l

50 Victoria Street e Place du Portage 1 e Gatineau, Quebec KIAO0C9 e www.cipo.ic.gc.ca ( Eal lada



CA 3089736 A1 2019/08/08

ey 3 089 736
(13 A1

(57) Abrégé(suite)/Abstract(continued):

MCC and has sensors for detecting cavity status (e.g., empty or filled with an item). The DCU stores data related to time stamps,
optional dates, and cavity locations of item removal from and optional used item return to respective ones of the MCC cavities to
help users track item usage (e.g., pen needle assemblies) to improve medication delivery management such as insulin injections
with an injection pen and pen needle assemblies. Indicators can be generated to indicate from which cavity the next item should be
extracted to encourage injection site rotation.
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MULTIPLE CAVITY CARRIER APPARATUSES FOR DETECTING REMOVAL OF
ITEMS FROM CAVITIES AND THEIR REPLACEMENT

BACKGROUND OF THE INVENTION

Field of the Invention:

3601} Hlustrative embodiments of the present invention relate generally to a multiple
cavity carrier and enhancements to a multiple cavity carrier for detection of removal of

components from respective cavities and return of components to the cavities.

Description of Related Art:

[G002] A multiple cavity carrier has been proposed for storing and dispensing, for
example, needle assemblies used with hypodermic syringes. The needle assemblics can
include, for example, pen needles that are configured to attach to an adapter with threads that
mate with threads on a medication delivery pen. Ao example of a mudtiple cavity carrier is a
pen needle magazine dispenser for holding a plurality of pen needle assemblies such as those
described in commonly-owned U5, Patent Nos. 5,829,589, 5,873,462 and 6,346,094, the
contents of which are incorporated herein by reference.

G003 Prior systems for detecting removal of an stem from a cavity in a multiple cavity
carrier and its retum to the cavity have employed disposable radio frequency identification
(RFID)} labels or tags on the item. Such use of RFID labels or tags can be costly and can
unnecessarily add complexity to the multiple cavity carrier, which must be provided with an

RFID tag reader.

SUMMARY OF THE INVENTION

3604} The above and other problems are overcome, and additional advantages are
realized, by illustrative embodiments of the present invention.

16065} Avpparatuses are provided for taproving a nultiple cavity carner (MCC) and
the mformation 1t provides to a user regarding the storage and, optionally, the replacement of

ttems therein. An improved multiple cavity carrier uses more cost cffective and less
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complicated methods of detecting items m cavities of a MCC than RFID tags and
corresponding RFID reader(s). Also provided are improved indications to a user regarding
which item to remove next from the MCC for use.

3606} In accordance with aspects of tllustrative embodiments, a reusable data
collection unit is provided that is detachably connected to a dispenser, the dispenser having
cavitics configured to enclose respective ttems for storage therein and subsequent removal,
the data collection unit comprising: a base housing detachably connected to the dispenser;
plural sensors provided on the base housing and configured to detect presence and absence of
the ttems in the respective cavities and generate corresponding sensor data; a memory device
configured to store the sensor data; and a processor provided 1n the base and configured to
analyze the sensor data and determine a time stamp of removal of the items from respective
ones of the cavities.

6607} In accordance with aspects of tlustrative embodiments, a medical instrument
dispensing device is provided having a reusable data collection unit detachably connected to
a dispenser, the dispenser having cavities configured to house a plurality of sterile medical
instroments for storage therein and subsequent removal, the data collection unit comprising: a
base housing detachably connected to the dispenser; plural sensors provided on the base
housing and configured to detect presence and absence of each of the plurahity of stenile
medical mstroments in the corresponding cavity and generate corresponding sensor data; a
memory device configared to store the sensor data; and a processor provided in the base and
configured to analyze the sensor data and deternmine a dataset to characterize the removal of
at least one of the plarality of sterile medical nstruments from its corresponding cavity.
[G008] In accordance with aspects of iHlustrative embodiments, the processor ig
configured to analvze the sensor data and determine a dataset comprising at least one of a
date and a time of removal of the items (¢.g., such as sterile medical mstruments) from
respective ones of the cavities.

[6609] In accordance with aspects of Ulustrative embodiments, the processor is

contigured to analvze the sensor data and deternine a datasct comprising at least one of a
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date and a time of return of the items (¢.g., such as sterile medical instruments) to respective
ones of the cavities.

{3010} In accordance with aspects of illustrative embodiments, the dispenser is a pen
needle magazine dispenser and the items {e.g., sterile medical mstruments}) are pen needle
assemblies.

6611} In accordance with aspects of Ulustrative embodiments, the cavities are
arranged in a designated pattern m the dispenser, and the sensors are arranged in the base
housing in 8 simitlar pattern to align the sensors with the cavities when the dispenser is
connected to the base housing.

G812} In accordance with aspects of illustrative embodiments, the plural scnsors
create a sensor matrix in the base housmg, and the cavities in the dispenser are configured m
accordance with a grid pattern that corresponds to the sensor matrix,

6613} In accordance with aspects of tlustrative embodiments, the dispenser has a top
separated from a bottom by a wall that defines an outer penimeter of the dispenser, and the
cavities cach extend from the top toward the botiom of the dispenser. The outer perimeter
defings an anthropomaorphic shape, and the cavities are disposed 1n argas within the
anthropomorphic shape that correspond to proposed injection siics on at least one of a
paticnt’s arms, thighs, abdomen and buttocks. The processor is configured to analvze the
sensor data and determine which of the proposed injection sites have been used based on
detection of the absence of items from their corresponding cavities, and select the next
proposed injection site based on a designated pattern for using the tteras on the patient, and
generating an indication that indicates which of the items in the cavities to remove from the
dispenser and use next on the patient.

G814} In accordance with aspects of illustrative embodiments, the indication is at
least one of a designated color and a flash of an LED.

[3615] In accordance with aspects of tllustrative embodiments, the bottom of the
dispenser comprises at least one transparent area that is aligned with at least one of the
cavitics, the corresponding one of the sensors aligned with the cavity being operable to detect

ambient light that enters the cavity when the corresponding item is removed from the cavity.
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10616} In accordance with aspects of illustrative embodiments, the sensor data is

transmutied from the reusable data collection unit to a remote device using at least one of a
USE connector and a wireless link

3617} In accordance with aspects of tllustrative embodiments, a dispenser 18
provided that encloses respective items for storage therein and for subsequent removal, the
dispenser comprising: a first surface scparated from a sccond surface by a wall that defines an
outer penimeter of the dispenser; and a plurality of cavities, cach cavity extending from the
first surface toward the second surface of the dispenser and dimensioned to store one of the
items. The first surface comprises a phurality of apertures corresponding to openings at a first
end of each of the cavitics and configured to reccive one of the respective ttems into that
cavity, and the second surface 1s a sensor transmissible surface that cooperates with a
plurality of sensors in a data collection unit detachably connected to the dispenser to facilitate
detecting the presence of an item in cach of the cavities.

[6618] In accordance with aspects of illustrative embodiments, cach of the cavities
operates as a light pipe reflecting ambient light entering the apertures, the cavities being
dimensioned relative to the items placed therein to prevent the ambient Hight from reflecting
to the second surface when the ttem 1s in the cavity and allowing the ambient light to
reflecting to the second surface when the 1tem is removed from the cavity.

3619} In accordance with aspects of llustrative embodiments, each of the cavities is
provided with a lens adjacent the second surface that 1s configured to focus the ambient light
through the second surface and to a photosensor of the data collection unit.

10624} In accordance with aspects of illustrative embodiments, the lens 1s configured
to implement an edge-ray principle of non-imaging optics.

G021} In accordance with aspects of illustrative embodiments, the lens is configured
to implement a compound parabolic concentrator,

3622} Additional and/or other aspects and advantages of the present mvention will
be set forth in the description that follows, or will be apparent from the description, or may be
learned by practice of the mvention. The present invention may comprise multiple cavity

carriers and methods for operating same having one or more of the above aspects, and/or one
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or more of the features and combinations thereof. The present invention may comprise one
or more of the features and/or combinations of the above aspects as recited, for example, in

the attached claims.

BRIEF DESCRIPTION OF THE DRAWINGS

6623} The above and/or other aspects and advantages of embodiments of the
mvention will be more readily appreciated from the tollowing detailed description, taken m
conjunction with the accompanying drawings, of which:

{6024} Fig. 1 is a perspective view of a smart dispenser constructed in accordance
with an embodiment of the present invention;

[B025] Fig. 2 1s a perspective view of a data collection unit of the smart dispenser of
Fig. 1 in accordance with an embodiment of the present invention;

6026} Fig. 3 is an exploded diagram of a multiple cavity carrier of the smart
dispenser of Fig. T in accordance with an embodiment of the present invention;

16627} Fig. 4 13 a block diagram of a data collection unit in accordance with an
cmbodiment of the present mvention;

[6028] Fig. 5 is a perspective view of a smart dispenser constructed 1n accordance
with another embodiment of the present mvention;

3629} Fig. 6 1s an cross-section view of a smart dispenser constructed 1n accordance
with an crabodiment of the present invention;

6630} Figs. 7A and 7B are partial cross-section views of multiple cavity carrier
constricted tn accordance with respective embodiments of the present invention; and

{6031} Fig. 8 depicts a sequence of operations for a data collection unit in accordance
with an embodument of the present invention.

6632} Throughout the drawing figures, like reference numbers will be understood to

refer to like elements, features and structures.
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BETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

{3633} Reference will now be made n detail to embodiments of the present invention,
which are illustrated in the accompanying drawings. The embodiments described herein
exeraplify, but do not limit, the present invention by referring to the drawings.

6634} Fig. 1 illustrates an example embodiment of a smart dispenser 10 comprising a
reusable data collection unit (DCU)Y 12 connected to a multiple cavity carrier (MCC) 14, The
BCU 12 and MCC 14 are configured to allow detection of the removal of ttems 20 from, and
return of items 20 to, respective cavities 185-18; in a housing 16 ofthe MCC 14 In
accordance with aspects of lustrative embodiments, the MCC 14 is detachably mounted
onto the DCU 12, Figs. 2A and 2B illustrate, respectivelv, the DCU 12 separated trom the
MCC 14,

THEERY With reference to Figs. | and 3, the MCC 14 has a housing 16 with a plurality
of cavities 181-18s arranged n a grid or other pattern. Fach cavity 18 i the housing 16 1s
dimensioned to receive an item 20 such as a pen needle assembly. For example, the MC(C 14
can be a pen needle magazine that holds and dispenses sterile pen needle assemblics 20 for
medication delivery pens and that safely stores the needles after use. it 1s to be uvnderstood,
however, that the MCC 14 can be a carmer with cavities 18:-18xdimensioned for storing
other types of items 20 besides pen needle assemblies, and that the BCU 12 can be
configured to detect when items 20 are removed {from respective cavitics 181-18q and can
optionally detect when an ttem 20 is returned to its cavity 18,

10636} In accordance with an example embodiment wherein the MCC 1415 a
magazine dispenser that stores pen needie assemblies 20 1o its cavities 18:-184, a user can
nsert an adapter 60 on a medication delivery pen 62 into one of the cavitics 18:-18n, as
shown in Fig. 6. The user rotates the pen 62 to mount an unused pen needle assembly 20 on
the adapter 60 of the medication delivery pen. After an injection has been performed, the
used pen needle assembly 20 is then returned to the cavity 18 by inserting the vsed pen
needle assembly nto the cavity and rotating the pen 62 to detach the pen needle assembly

from the adapter on the pen. The example magazine dispenser is desenbed in commmonly
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owned U.S. Patent No. 6,346,094 which is incorporated by reference herein i its entirety. It
is to be understood, however, that the MCC 14 can be configured to receive other types of
ttems besides pen needle assemblies, and that an adapter is not necessanly required to attach
to an item 20 for its removal from and return to a cavity 18.

[6637] When a user inserts a medication delivery pen 62 or other device into ong of
the cavities 18:-18n0fa MCC 14 and mounts an unused pen needle assembly 20 on the
medication delivery pen, the resultant open or empty cavity 18 1s detected by the DCU 12,
and data regarding ong or more of date, time and location of the detected open cavity 18 1s
recorded via a microprocessor and memory in the DCU 12, as described below in connection
with Fig. 4. After an injoction has been performed and the used pen needle assembly 20 s
returned fo the cavity 18, the resultant filled cavity 1s detected by the DCU 12, and data about
the date, time and location of the detected filled cavity is recorded via the BCU’s
microprocessor and memory. Location can refer to physical location {¢.g., GPS coordinates
from a microprocessor), location on the MCC 14, or body location, or a combination of any
of these. This recorded data 1s beneficial to a user for tracking medication delivery events.
Further, as desoribed below, the DCU 12 can provide indicators to help a user select the next
tiem 20 from the MCC 14 to use to encourage mjection site rotation. The devices for sensing
empty and filled cavities 18:-18nin an MCC 14 and DCU 12 are described in more detail
below.

[6638] Ags stated above and with reference to Figs. 1, 2 and 3, the MCC 14 has a
housing 16 with cavitics 18:-18x. In accordance with an ilhustrative coibodument, the bousing
16 with cavities 18:-18a1s provided with respective bullets 24:-24x, and each bullet 24 1s
configured to hine a corresponding cavity 18, as shown in Figs. 3 and 6. The cavity 18 with
or without a bullet 24 can operate as a light pipe to a sensor 50 {e.g., photosensor) m the DCU
12, as described below in connection with Figs. 7A and 78, It 1s understood that the DCU 12
can use different types of sensors 50 {e.g., a Hall effect sensor or other type of proximity
sensory besides photosensors and therefore the bullet 24, cavity 18 and portion of the housing

adjacent to the cavity 18 need not operate as a light pipe.
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16639} The bullets 24:-24q can be detachable relative to the housing 16 and
corresponding cavity 18 or formed as an integral part of the cavity 18, Advantages of having
the bullets 24:-24x configured to be separate from and not integral to the housing 16 are that
each bullet 24 provides an efficient mechanism to load a pen needle assembly 20 mito the
MCC 14, and it also provides for ease of manufacturing, inspection of individual pen needle
assemblies 20 and mmproved quality control. fo particular, it a damaged pen necdle assembly
20 1s tound within a bullet 24, the entire bullet 24 and pen needle assembly 20 can be
disposed of and replaced with a new pen needle assembly 20 and ballet 24 without loss of the
remainder of MCC 14 housing 16 and the other pen needle assemblies 20. Further, this
arrangement allows for easy manufacture of a large volume of bullets 24 to be incorporated
nto a variety of MCC’s. The configuration of the bullets 241-244 to facilitate detection of the
removal and returs of ao item 20 therein by the DCYU 12 is described below on connection
with Figs. 6, 7TA and 7B.

16044} By way of an example, as shown in Fig. 3, each of the bullets 241-24x can be
provided with threads 34 that interact with threads 32 provided on a pen needle assembly 20
to be inserted into that bullet. Each bullet 24 can also be provided with an anti-rotation rib 36
or other retention mechanism for mating with a groove 38 in a cavity 18 to at least detachably
secure the bullet 24 w the cavity 18, Other retention mechanisms can be used 1o secure an
ttem 20 in a bullet 24 or otherwise in a cavity 18, Further, other retention mechanisms can be
used to retain a bullet 24 in a cavity 18 or, as stated above, the bullets 24:-244 can be mtegral
with the housing 16 and not removable from respective cavitics 18:1-18a.

16041} The housing 16 and the bullets 241-244 can be molded, for example, from
Polypropylene or similar material. As Hustrated in Fig. 3, the MCC 14 can be optionally
provided with a cover 26 that can, for exaraple, be snap it or press fit onto the MCC 14 and
removed when the MCC 14 is mounted on the DCU 12 as shown 1n Fig. 1. In addition, the
MCC 14 can be provided with an integrated or be separate layer 22 on top of housing 16,

The layer 22 can be formed from an opague material, for exampie, to reduce the amount of
undesired light that may enter the cavities 181-18s, when they are configured to operate as

light pipes, and mterfere with accurate detection of item 20 placement, removal, and
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replacement from a corresponding cavity 18 as described below. The layer 22 has apertures
23 aligned with respective cavities 181-18» for receiving an item 20 and each of the apertures
23 can be provided with a sterility membrane or label 28, as shown in Fig. 1. In the example
of a cavity 18 that receives a bullet 24 with an item 20 as described above, the bullets 24:-24,
can cach be provided with the sterithity membrane or label 28, In cither case, the stenlity
membrane or label 28 is removed when the iterm 20 {c.g., pen needle assemblv 20 in the
bullet 24} is about to be used. In the example embodiment depicted i Fig. 1, the MCC 14
has cight cavities 18; through 18z where cavities 185 through 18s, 1874 18gare empty (8.g.,
the ttem 20 stored 1n the cavity 18, such as a bullet 24 with a pen necdle assembly 20 therein,
has been removed), cavities 181 ana 182 are filled with an item 20 (not shown) and sealed with
the sterility barrier 28, and cavity 186 has 1ts barrier 28 removed and s currently filled with an
item 20 that is about to be removed. Alternatively, the layver 22 can be provided with a
membrane layer 28 over most of its area (¢.g., adhered to the layer 22), and the membrane 28
can be provided with ndicia corresponding to and proximal with respective cavities 181-18n
to facilitate pancture of the membrane at the location of a cavity 18 when an ttem 20 1s
removed therefrom.

G042} The DCU 12 has a housing 66 that, like the MCC 14 and bullets 24, can also
be molded from Polypropylene or similar material. The housing 66 encloses sensors 501-50a
arranged in a stmilar grid or pattern to the cavities 181-18n1n the MCC 14 such that cach
sensor 50 can be used to detect the absence or presence of an item 20 in its corresponding
cavity 18, The DCU 12 depicted in Fig. 24, for example, has seosors 501-50s arranged in a
matrix to be collinear with the longitudinal axes of comresponding ones of the cavities 181 ana
18z in the MCC 14, Depending on the type of sensor 50 used, the sensors 50:-50n may or
may not be visible on the surface 68 of the housing 66 that abuts the bottom layer 30 of the
MCC 14 housing 16.

3643} The surface 70 of the BCU 12 that abuts the side of the MCC 14 housing 161s
provided with a retention feature 40 that cooperates with a retention feature 46 on the MCC
14 to detachably mount the MCC 14 on the DCU 12, For example, the retention feature 40

can comprise a plate 42 raised from the surface 70 by a narrower neck 44, The plate 42 and
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neck 44 can be mtegrally formed in the housing 66. The retention feature of the MCC 14
comprises a recess 46 with lip 48 wherein the recess 46 1s dimensioned to receive the plate 42
but the arca defined by the lip is smaller than the recess to retain the MCC 14 on the DCU 12
when the hip 48 on the MCU 14 is slid behind the plate 42 and over the neck 44 of the BCU
12, Other retention mechanisms can be used on the DCYU 12 and MCC 14 that cooperate with
cach other to detachably mount the MCU 14 on the DCU 12 such that the sensors 501-530x n
the DCU 12 are aligned with corresponding ones of the cavities 181-18a1n an MCC 14, Ttis
to be understood that the retention features 40 and 46 can be deploved on other surfaces of
the DCU 12 and MCC 14, respectively, than those illustrated in Figs. 2A and 2B. In addition,
the DCU 12 and MCC 14 can be provided, respectively, with one or more metal contacts 76
and magnet(s) 78 to provide a magnetic connection between the MCC 14 and DCU 12 and
therefore more securely mount the MCC 14 on the DCU 12

16044} With reference to Figs. 2A and 4, the DCU 12 15 provided with a
microprocessor or other type of controller 52 and mtegrated and/or separate memory storage
device 54 for storing data received from the plurality of sensors 50:-50u. In accordance with
an tlustrative embodiment of the present invention, the DCLU 12 can also be provided with
light-enutiing diodes (LEDs) 801-805 or other indicators of status for respective ones of the
cavitics 181-18asuch as whether a cavity 18 empty, filled, is the next cavity 18 from which an
item 20 should be removed for use, or an ¢rror has occurred, as described in more detail
below. A display 56 is provided (¢.g., a iquud crystal display (LCD}) such that the DCU 12
can be operated via the controller 52 to display selected data such as the date and time an
item was removed and replaced within a designated time penod, which can represent a
deployment of an item 20 such as a pen needle assembly and therefore a corresponding
administration of an injected medication by a medication delivery pen to which the pen
needle assembly was connected and removed from a cavity 18 and then retumed to the cavity
18 and disconnected.

[6045] As shown in Figs. 2A and 4, the DCU 12 can be provided with an optional
wired interface 58 to which a USB 74 can be selected to receive and store data from the

sensors 501-504 and corresponding time stamps or dates and times of sensor detection of item



CA 03089736 2020-07-27

WO 2019/152181 PCT/US2019/013599

- 11 -

20 removal or replacement relative to a cavity 18 or location of the cavity relative to other
cavities 18a in the grid. For example, as shown 1o Fig. 3, the MCC 14 housing 16” can have
an anthropomorphic shape rather than a rectangular shape as shown m Fig. 1 in accordance
with another example embodiment. The cavities 181-181z i the housing 16 are arranged in a
pattern that corresponds to selected injection sites in a patient’s body {e.g., cavitics 18;-184
corresponding to sites in the patient’s legs, cavities 18s-18s corresponding to sites in the
patient’s abdomen, and cavities 189 and 1810 corresponding to sites n the patient’s upper
arms). By using an item 20 {&.g., a pen necdle assembly} for injection at a designated
injection site represented by its corresponding cavity 18 in the MCC 14, a patient 15
encouraged to practice injection site rotation among different arcas on the body which, in
turn, reduces the likehihood of developing hipodystrophy or “lipos.”  As described below,
indicators 801-80x can be selectively operated by the DCU 12 {o encourage site rotation. By
storing locations of empty cavitics 18 in the memory deviee 54, the controller 53 can, based
on prior detected empty and filled cavities 18, selectively illuminate an indicator 80 to
encourage sclection of an unused ttem 20 from the next cavity 18 representing an optimal
injection site for site rotation purposes.

[0046] Optionally, each cavity 18 has an associated LED 80 which can be
programmed to flash or light up to demark a usable injection needle 20. The uscable injection
needle 20 may be the next free needle, or it may be based on a site rotation algortithm which
corrgsponds to a next safe mjection site. Inn the case of the next safe injection site, it may

mdicate this by changing the color of the LED. For example:

LED COLOR INJECTION SITE
RED Thigh
BLUE Abdomen
GREEN Am
16847} Alternatively, an LED 80 associated with a cavity 18 can be programmed to

indicate next use by a combination of color and flashing (or display on the LCD 56):

LED COLOR INJECTION SITE
RED RIGHT Thigh
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BLUE RIGHT Abdomen
GREEN RIGHT Am
RED Flashing LEFT Thigh
BLUE Flashing LEFT Abdomen
GREEN Flashing LEFT Arm
[6648] Alternatively it may indicate the next mjection site by indicating the next

needle and site on the anthropomorphic location on the dispenser shaped like the human body
in Fig. 5. Itis to be understood that other combinations of color, flashing sequence and
indicator locations relative to cavities 18 can be used to indicate cavity 18 status and facilitate
ttem 20 selection.

[(6049] The BCU 12 can also be provided with an optional wireless interface 60 for
connecting the DCU 12 to a wirelessly connected device such as another data store or a
mobile phone (e.g., via WiFi, Bluctooth® or cellular network connection). For example, an
app can be provided to a user’s mobile phone that cooperates with the DCU 12 to provide a
representation of the matrix of items 20 in the MCC 14 on the phone display, and
programmed mdications of which cavities 18:-18x are filled or erapty of the items 20, which
ttem 20 to use nexi, and date and time and location of past item 20 uses (¢.g., detected
removal of an ttem from a cavity 18, or detection of an item being removed from and
returncd to a cavity 18 within a selected time period representing a confirmed use of that em
20 such as a pen needle assernbly for adounistering an injection).  An optional button 87 on
the DCU 12 can be configured to power the DCU 12 on and off, to wake up the BCU 12 and
1o request indication of next cavity 18 from which to remove an item 20,

[B056] With reference to Fig. 6, a pen 62 with an adapter 60 are shown connected to a
pen needle assembly 20 in a cavity 18 of the MCC 14 housing 16. The cavity 18 13 depicted
with a bullet 24 liming the cavity 18 and enclosing a pen needle assembly 20, Ag stated
above, the cavity 18 can be configured with or without an integral or removable bullet 24, In
other words, a cavity 18 can store an itern 20 therein without a bullet 24 to line the cavity, or
a bullet 24 can be secured n the cavity 18 to line the cavity, or a bullet 24 can be removably
provided in a cavity 18 as described above i the example embodiment depicted in Fig. 3. In

any of these configurations, the cavity 18 and optional bullet 24 can be configured as a light
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pipe to facilitate detection of hight permitted to enter the cavity 18 from the top thergof upon
removal of its ttem 20, that is, light enters the aperture 23 m the layer 22 of the housing 16
and into the cavity 18, The cavity 18 1s dimensioned relative to the item 20 such that the
presence of the item 20 in the cavity prevents the light from traveling to the bottom of the
cavity and through the layer 30 at the bottom of the housing 16. When the item 20 is
removed from the cavity 18, however, the light reflects within the cavity and transmits
through the bottom layer 30 of the housing 16 and the surface 68 of the DCU 12 to impinge
on a corresponding photosensor 50 in the DCU 12,

{6651} As stated above, the housing 16 has a bottom layer 30 that is a sensor
transmussible matenial or at least has sensor transmissible matenial (¢.g., light transmissible
matenial such as a transparent or translucent plastic to allow light in the cavity to impinge on
a photosensor 50) in the areas aligned with the cavities 18:-184 and the corresponding sensors
501-50q in the DCU 12, The degree to which light that has entered an empty cavity 18 will
impinge on a corresponding sensor 30 m the DCU 12 can be mmproved using a lens to focus
the light, thereby reducing occurrence of false detections of a filled cavity 18 which can oceunr
when light fails to tmpinge on a sensor even though the item 20 was removed from the cavity
18 and did not mterfore with the path of the light entering the cavity.

{6052} The MCC 14 {e.g., pen needle dispenser) can include a lens integral to the
bottom of the plurality of cavities18:-18y, with sach cavity lens being optimized to detect the
fight from the opening at the opposite end of the cavity 18. Fig. 7A depicts a cavity 18
optionally lined with a bullet 24 wherein the bottom of the bullet is configured with a lens 84
shaped to implement the edge-ray principle of non-imaging optics. This lens formation 84 1s
for dispensers 14 constructed of materials with a low reflectivity, as the lens 84 prefers hight
transnussion through the low reflective housing or bullet material. In accordance with an
alternative example embodiment, the bottom of the bullet 24 comprises a lens 86 molded to
implement a compound parabolic concentrator. This lens formation 86 is useful for
dispensers 14 constructed of materials with a higher reflectivity, since the lens 86
concentrates the more highly reflected light to a central location at the bottom of the cavity.

The lenses 84 and 86 can be made from light transnussible material such as a polished acrylic
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and molded as illustrated in Figs. 7A and 7B, and molded to the end of a section of the bullet
24 or at the bottom of a cavity 18, wherein the remainder of bullet 24 or cavity can be made
from a different material such as a different tvpe of plastic that may not be as effective to
focus light but can minimize manufacturing cost. Thus, it 1s envisioned that the buliet 24
may be manufactured from a single homogencous material or mayv be formed in an assembly
with multiple matenals, or produced in a plural step molding operation from varied materials
{c.g. atwo-shot molding operation or overmolding operation}. It is therefore not required
that the lens portion of ballet 24 be of the same material as the functional retrieval portion of
bullet 24,

[B053] Example operations of the controller 52 of the DCU 12 will now be described
with reference to FIG. 8. As stated above, the DCU 12 can be programmed or otherwise
configured to track or take wnventory of the status of its cavities181-18q such as, for example,
whether they arc empty or filled with an ttern 20 and from which of the cavitics an item
should next be removed according 10 a designated algorithm such as a shot rotation regimen
or other pattern of usage from a matrix of items 20 stored in the MCC 14, The controlier 52
can begin by noting which of a predetermined number of cavity locations are empty (block
903, The controller then determines if a sensor 50 corresponding to a cavity 18 location
detects a new empty cavity {e.g., an item 20 in that cavity has now been removed since the
status inventory was taken per block 90}, as indicated at block 92, If so, the controller
records a time stamyp and optionally the date of the removal of the ttem 20 from the cavity 18
location corresponding to that sensor 50 and records the location within the MCC 14, as
indicated respectively in blocks 94 and 96. The controller 52 can begin a timeout loop per
block 98 corresponding to a designated duration of time that corresponds fo the expected
amount of time a user may use the ttem 20 after removal and then retum that ttem to the
cavity {¢.g., 10 seconds or other time sufficient for a user to remove an item 20 such as a pen
needle assembly from the MCC 14, inject medication and then retum the used pen needle
assembly back to the same cavity 18 in the MCC 14},

16054} After the timeout loop expires per block 100 of FIG. &, the controlier

determines if that sensor 50 detects its corresponding cavity 18 being empty. If the item 20
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has been returned by the end of the timeout period, the sensor will not detect an empty cavity,
as mdicated by the negative line from block 92, and will record at least a time stamp for that
determination of a filled cavity (block 102} and that cavitv’s location {(block 104}, If an item
2¢ has been detected as successfully removed and replaced, then the locations A and B
recorded at blocks 96 and 106 will be the same; otherwise, an error as occurred and an
indication of the error can be output (¢ g., via the display 56) as indicated in block 108, The
DCU 12 can optionally be configured to operate an mndicator {e.g., an LED 80) corresponding
to a cavity 18 location from which the user should retrieve the next item 20, as described
above.

[B055] The operations of the controller 52 in the DCU 12 described in connection
with FIG. 8 illustrate an example MCC 14 that stores tems after use. 1t is to be understood
that operations of the controller 52 can also simply take periodic mnventory of the cavity
locations to deternune which ones are empty, and record time stamps and optional locations
of cavitics18:~185 as ttems 20 are removed therefrom, and therefore not employ a timeout
period {blocks 98, 100} or otherwise detect return of the items 20 to their respective cavities
{blocks 102, 104}

[B856] It will be understood by one skilled in the art that this disclosure is not linuted
in its application to the details of construction and the arrangement of components set forth n
the following description or llustrated in the drawings. The embodiments hercin are capable
of other embodiments, and capable of being practiced or carried out in various ways. Also, it
will be understood that the phrascology and terminology used herein is for the purpose of
description and should not be regarded as miting. The use of "including,” "comprising,” or
"having" and variations thercof herein is meant {o cncompass the items listed thereafter and
cquivalents thercof as well as additional items. Unless limited otherwise, the terms
"connected,” "coupled,” and "mounted,” and vanations thereof herein are used broadly and
encompass direct and indirect connections, couplings, and mountings. In addition, the terms
"connected” and "coupled” and variations thereof are not restricied to physical or mechanical
connections or couplings. Further, terms such as up, down, bottom, and top are relative, and

are emploved to aid Hlustration, bot are not limiting.
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{6057} The components of the illustrative devices, systems and methods emploved m
accordance with the tilustrated embodiments of the present invention can be implemented, at
least in part, in digital electronic circuitry, analog electronic circuitry, or in computer
hardware, firmware, software, or in combinations of them. These components can be
implemented, for example, as a computer program product such as a computer program,
program code or computer instructions tangibly embodied in an mformation carrier, or in a
machine-readable storage device, for execution by, or to control the operation of, data
processing apparatus such as a programmable processor, a computer, or multiple computers.
[GOSE] A computer program can be written 1o any form of programming language,
inchuding compiled or uxerpreted languages, and it can be deploved m any form, including as
a stand-alone program or as a module, component, subroutine, or other umit suitable for use in
a computing environment. A computer program can be deploved o be executed on one
computer or on multiple computers at one site or distributed across multiple sites and
interconnected by a communication network. Also, functional programs, codes, and code
segments for accomplishing the present invention can be casily construed as within the scope
of the invention by programmers skilled in the art to which the present invention pertains.
Method steps associated with the illustrative embodiments of the present inventdion can be
performed by one or more programmable processors executing a computer program, code or
instructions to perform fanctions {e.g., by operating on input data and/or generating an
output). Method steps can also be performed by, and apparatus of the invention can be
mmplemented as, special purpose logic circuitry, ¢.g., an FPGA (field progranumable gate
array} or an ASIC {application-specific micgrated circuit}, for example.

[G059] The various tthustrative logical blocks, modules, and circoits deseribed in
connection with the embodiments disclosed herein may be implemented or performed with a
general purpose processor, a digital signal processor {DSP), an ASIC, a FPGA or other
programmable logic device, discrete gate or transistor logic, discrete hardware components,
or any combination thereof designed to perform the functions described herein. A general
purpose processor may be a microprocessor, but in the alicmative, the processor may be any

conventional processor, controller, microcontroller, or state machine. A processor may also
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be implemented as a combination of computing devices, e.g., a combmation of a D5P and a
nucroprocessor, a plurality of microprocessors, one or More 1MISTOPIOCessors in comjunction
with a DSP core, or any other such configuration.

3660} Processors suitable for the execution of a computer program mnclude, by way
of example, both general and special purpose microprocessors, and any ong or more
processors of any kind of digital computer. Generally, a processor will receive mstructions
and data from a read-only memory or a random access memory or both. The essential
clements of a computer are a processor for executing instructions and one or more memory
devices for storing instructions and data. Generally, a computer will also include, or be
operatively coupled to receive data from or transfer data to, or both, one or more mass storage
devices for storing data, e.g., magnetic, magneto-optical disks, or optical disks. Information
carriers suitable for embodying computer program instructions and data include all forms of
non-volatile memory, ncluding by way of example, semiconductor memory deviees, ¢.g.,
clectrically programmable read-only memory or ROM (EPROM), electrically erasable
programmable ROM (EEPROM), flash memory devices, and data storage disks {e.g.,
magnetic disks, internal hard disks, or removable disks, magneto-optical disks, and CB-ROM
and DVD-ROM disks). The processor and the memory can be supplemented by, or
incorporated 1 special purpose logic circuitry.

0661} Those of skill in the art would voderstand that information and signals may be
represented using anv of a variety of different technologies and techuigues. For example,
data. instructions, commands, information, signals, bits, svmbols, and chips that may be
referenced throughout the above descnption may be represented by voltages, currents,
clectromagnetic waves, magnetic fields or particles, optical fields or particles, or any
combination thereof.

3062} Those of skill would further appreciate that the various illustrative logical
blocks, modules, circuits, and algonthm steps described 1n connection with the embodiments
disclosed herein may be implemented as electronic hardware, computer software, or
combinations of both. To clearly illustrate this interchangeability of hardware and software,

various illustrative components, blocks, modudes, circuits, and steps have been described
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above generally in terms of their fumctionality. Whether such functionality is implemented as
hardware or software depends upon the particular application and design constraints imposed
on the overall system. Skilled artisans may implement the described functionality in varving
ways for each particular application, but such implementation decisions should not be
interpreted as causing a departure from the scope of the present wvention. A software module
may reside in randont access memory {RAM), flash memory, ROM, EPROM, EEPROM,
registers, hard disk, a removable disk, a CD-ROM, or any other form of siorage medium
known in the art. An exemplary storage medium is coupled to the processor such the
processor can read information from, and write information to, the storage medium. In the
alternative, the storage medium may be integral to the processor. In other words, the
processor and the storage medium may reside in an integrated civcuit or be implemented as
discrate components.

3663} Computer-readable non-transitory media includes all types of computer
readable media, including magnetic storage media, optical storage media, flash media and
solid state storage media. It should be snderstood that software can be mstalled i and sold
with a contral processing unit ({CPU) device. Alternatively, the software can be obtained and
loaded into the CPU device, including obtaining the software through physical medium or
distribution svstem, including, for example, from a server owned by the software creator or
from a server not owned but used by the software creator. The software can be stored ona
server for distribution over the Internet, for example.

3664} The above-presented description and figures are intended by way of example
only and are not intended to hmit the present mvention in any way except as set forth in the
following claims. It is particularly noted that persons skilied in the art can readily combine
the varnious technical aspects of the vanous clements of the various illustrative embodiments
that have been described above in numerous other ways, all of which are considered to be

within the scope of the mvention.
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CLAIMS:
1. A reusable data collection unit detachably connected to a dispenser, the dispenser

having cavities configured to enclose respective items for storage therein and subseguent
removal, the data collection unit comprising:

a base housing detachably connected to the dispenser;

plural sensors provided on the base housing and configured to detect presence and
absence of the items in the respective cavities and generate corresponding sensor data;

a memory device configured to store the sensor data; and

a processor provided in the base and configured to analyze the sensor data and

determine a time stamp of removal of the ttems tfrom respective ones of the cavitics.

2. The reusable data collection unit of claim 1, wherein the processor 1s configured o

analvze the sensor data and deternune a dataset compnsing at least one of a date and a time of
removal of the items from respective ones of the cavities.

3. The reusable data collection unit of claim 1, wherein the processor is configared to
analyze the sensor data and determine a dataset comprising at least one of a date and a time of

return of the items fo respective ones of the cavities.

4, The reusable data collection unit of claim 1, wherein the dispenser is a pen needle

magazine dispenser and the ttems arc pen needle assemblies.

5. The reusable data collection unit of claim 1, wherein the cavities are arranged in 3
designated pattern in the dispenser, and the sensors are arranged i the basc housing in a
stmilar pattern to align the sensors with the cavities when the dispenser is connected to the

base housing.
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6. The reusable data collection unit of claim 1, wherein the plural sensors create a
sensor matrix in the base housing, and the cavitics in the dispenser are configured in
accordance with a grid pattern that corresponds to the sensor matrix.,
7. The reusable data collection unit of claim 1, wherein the dispenser has a top
separated from a bottom by a wall that defines an outer perimeter of the dispenser, and the
cavitics each extend from the top toward the bottom of the dispenser,

wherein the outer perimeter defines an anthropomorphic shape, and the cavities are
disposed in areas within the anthropomorphic shape that correspond 1o proposed mjection
sites on at least one of a patient’s arms, thighs, abdomen and buttocks, and

wherein the processor 1s configured to analyze the sensor data and determine which
of the proposed injection sites have been used based on detection of the absence of items
from their corresponding cavities, and sclect the next proposed injection site based on a
designated pattern for using the ttems on the patient, and generating an indication that
indicates which of the items in the cavities to remove from the dispenser and use next on the

patient,

g The reusable data collection unit of claim 7, wherein the indication 1s at least one of

a designated color and a flash of a light-emitting diode (LED).

9. The reusable data collection unit of claim 1, wherein the bottom of the dispenser
comprises at least ong transparent arca that is aligned with at least one of the cavities, the
corresponding one of the sensors aligned with the cavity being operable to detect ambient

light that enters the cavity when the corresponding item 1s removed from the cavity.

10, The reusable data collection unit of claim 1, wherein the sensor data 18 transmitied
from the reusable data collection unit tc a remote device using at least one of a universal

serial bus (USB) connector and a wireless link.
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11 A dispenser enclosing respective items for storage therein and for subsequent
removal, the dispenser comprising:

a first surface separated from a second surface by a wall that defines an outer
perimeter of the dispenser; and

a plurality of cavities, cach cavity extending from the first surface towaid the
second surface of the dispenser and dimensioned to store one of the items;

wherein the first surface comprises a plurality of apertures corresponding {o
openings at a first end of cach of the cavities and configured to receive one of the respective
ttems into that cavity, and the second surface is a sensor transmissible surface that cooperates
with a plurality of sensors in a data collection unit detachably connected to the dispenser to

facilitate detecting the presence of an itern m each ot the cavities.

12. The dispenser of claim 11, wherein cach of the cavitics operates as a light pipe
reflecting ambient light entering the apertures, the cavities being dimensioned relative to the
items placed therein to prevent the ambient light from reflecting to the second surface when
the item is in the cavity and allowing the ambient light to reflecting to the second surface

when the item s removed from the cavity.

13 The dispenser of claim 12, wherein cach of the cavities is provided with a lens
adjacent the second surface that is configured 1o focus the ambient light through the second

surface and to a photosensor of the data collection unit.

14 The dispenser of claim 13, wherein the lens is configured to implement an edge-ray

principie of non-imaging optics.

15. The dispenser of claim 13, wherein the lens is configured to implement a compound

parabolic concentrator.

16. A medical mstroment dispensing device having
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a reusable data collection unit detachably connected to a dispenser, the
dispenser having cavities configured to house a plurality of sterile medical instruments for
gtorage therem and subsequent removal, the data collection unit comprising:

a base housing detachably connected to the dispenser;

plural sensors provided on the base housing and configured to detect
presence and absence of cach of the plurality of sterile medical instruments 1n the
corresponding cavity and generate corresponding sensor data;

a memory device configured to store the sensor data; and

a processor provided in the base and configured to analyze the sensor data
and determine a dataset {o characterize the removal of at least one of the plurality of sterile

medical instruments from its corresponding cavity.

17. The reusable data collection vnit of claim 16, wherein the processor is
configured to analyze the sensor data and determine a datasct comprising at least one of a
date and a time of removal of the plurality of sterile medical mstruments from its

corresponding cavity.

18. The reusable data collection umit of claim 16, wherein the processor is
configared to analyze the sensor data and determine a dataset that compnses at least one of a

date and a time of retum of the medical mstruments to its corresponding cavity.

19. The reusable data collection unit of claim 16, wherein the dispenser is a
pen necdle magazine dispenser and the plurality of sterile medical instruments are pen needle

assemblies.

20. The reusable data collection onit of claim 16, wherein the dispenser has a
top separated from a bottom by a wall that defines an outer perimeter of the dispenser, and

the cavitics cach extend from the top toward the bottom of the dispenser,



CA 03089736 2020-07-27

WO 2019/152181 PCT/US2019/013599

wherein the outer penmeter defines an anthropomorphic shape, and the
cavities arc disposed in arcas within the anthropomorphic shape that correspond to proposed
use sites on the patient’s body, and

wherein the processor s configured to analyze the sensor data and
determine which of the proposed use sites have been used based on detection of the absence
of items from their corresponding cavities, and select the next proposed use site based on a
designated pattern for using the ttems on the patient, and generating an indication that
mndicates which of the medical instruments in the cavities to remove from the dispenser and

use next on the patient.
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