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INFUSION SYSTEM AND COMPONENTS THEREQF

STATEMENT REGARDING FEDERALLY SPONSORED R&D

[0001] This mvention was made with Government Support under Contract No.
DKO097657 awarded by the National Institutes of Health. The Government has certain rights
to the invention.

CROSS REFERENCE TO RELATED APPLICATIONS

0002} This application claims priority from U.S. Provisional Patent Application
Ser. No. 62/190,212, filed July 8, 2015, U.S. Provisional Patent Application Ser. No.
62/254,950, filed November 13, 2015, and U.S. Provisional Patent Application Ser. No.
62/353,210, filed June 22, 2016, The contents of all of the above-referenced applications are

mcorporated herein by reference in their entireties.

BACKGROUND OF THE INVENTION
[8003] The disclosure relates generally to the field of infusion systems for
medicaments and components thereof,

Description of the Related Ant

[0004] Nustained delivery, pump driven medicament injection devices generally
melude a delivery cannula mounted in a subcutaneous manner through the skin of the patient
at an infusion site. The pump draws medicine from a reservoir and delivers it to the patient
via the cannula. The injection device typically includes a channel that transmits a
medicament from an inlet port to the delivery cannula which results m delivery to the
subcutaneous tissue laver of the in which the debivery cannula s located. Some infusion
devices are configured to deliver one medicament to a patient while others are configured to

deliver multiple medicaments to patient.

SUMMARY OF THE INVENTION
[0005] Certain embodiments pertain to an infusion set for delivering one or

multiple medicaments to a patient. In some embodiments, the infusion set comprises a base
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uit.  In some embodiments, the infusion set comprises a connector set.  In some
embodiments, the connector set is configured to couple to the base unit.  In some
embodiments, the connector set and the base umit are 1n fliidic communication through one
or more fluid conduits or fluid pathways. In some embodiments, a fluid traveling through the
connector set can travel through the base set and into a patient via one or more features
attached to or coupled with the base set.

[6066] In some embodiments, the infusion set comprises a first connector. In
some embodiments, the infusion set further comprises a second connector. In some
embodiment, the infusion set comprises additional connectors (3, 4, S, or more). In some
embodiments, the base unit is a single piece that interacts simultaneously with multiple
connectors {e.g., the first and second connector}.

[6007] Any of the embodiments described above, or described elsewhere herein,
can include one or more of the following features.

[6008] In certain variants, the base unit comprises a first port.  In some
embodiments, the base unit comprises a second port. In some embodiments, the base unit
comprises additional ports. In some embodiments, the ports of the base unit are configured
to interact with and/or engage with one or more connectors to provide a fluid pathway {(or at
least a portion of a fluid pathway) through a connector and the base unit to the patient.

(0009 in some embodiments, the first connector is configured to reversibly
couple to the first port. In some embodiments, the interaction between the first connector
and the first port of the base unit 15 facihitated by a first guide member. In some
embodiments, the second connector is configured to reversibly couple to the second port. In
some embodiments, the interaction between the second connector and the second port of the
base unit is facilitated by a second guide member. In some embodiments, the first guide
member prevents attachment of the second connector to the first port of the base unit. In
some embodiments, the second guide member prevents attachment of the first connector to
the second port of the base unit. In some embodiments, the second guide member prevents
the engagement of the first connector to the second port and the first guide member prevents
the engagement of the second connector to the fust port.

(0016} in some embodiments, a base set comprising one or more base units is

provided. In some embodiments, each base unit can interact with one or more separate
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conmectors. For instance, in some embodiments, a first base unit and a second base unit are
provided. In some embodiments, the first base unit interacts with the first connector only
{(e.g., via one or more coupling features, such as a guide member). In some embodiments, the
second base unit interacts with the second connector only {(e.g., via one or more coupling
features, such as a guide member). In some embodiments, the first base unit interacts with
one or more connectors and the second base urut imteracts with one or more connectors that
are different from the connectors that interact with the first base unit.

[8011] In some variants, the first port 18 i fluidic communication with a first inlet
tube {e.g, a fluid conduit). In some embodiments, the first inlet tube extends from the first
port. In some embodiments, the first guide member connects to a portion of the first inlet
tube.

[0012] In certain implementations, the second port has a second mlet tube. In
some embodiments, the second inlet tube extends from the second port. In certain variations,
the second guide member connects to a portion of the second inlet tube.

[6013] In some embodiments, the base comprises a first and a second catheter. In
certain embodiments, the first catheter 15 in fluidic communication with the first port and is
configured to deliver a first agent subcutaneously to the patient via the base unit.

[0014] In some embodiments, the second catheter 15 in flindic communication
with the second port and 1s configured to deliver a second agent subcutaneously to the patient
via the base umt.

[0015] In some embodiments, the first base unit of a base set comprises a first
catheter. In some embodiments, the second base unit of a base set comprises a second
catheter. In certain embodiments, the first catheter 1s in fluidic communication with the first
port and 15 configured to deliver a first agent to the patient via first base unit. In certain
embodiments, the second catheter 15 in fluidic communication with the second port and 1s
configured to deliver a second agent to the patient via second base unit.

[6016] In some embodiments, the first connector comprises a first tab that audibly
locks the first connector in place when in a coupled position with the first port. In some
embodiments, the second connector comprises a second tab that audibly locks the first

connector in place when in a coupled position with the first port. In some embodiments, the
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tabs are configured to be depressed to allow one-handed de-coupling of the one or both of the
connectors from the base.

(0017} Some embodiments pertain o a device for delivering multiple agents o a
patient, comprising a base unit {and/or base set with one or more base units). In some
embodiments, the base unit {(and/or first base unit of a base set) comprises a first port having
a first inlet tube and a first guide member. In some embodiments, the first inlet tube and first
guide member extend outwardly from the base unit (and/or first base unit of a base set). In
some embodiments, the first inlet configured to receive a first agent. In some embodiments,
the base unit comprises a first catheter in fluidic communication with the first port and
configured to deliver the first agent to the patient via the base unit (and/or first base unit of a
base set). In some variants, the device further comprises a second port having a second inlet
tube and a second guide member extending outwardly from the base unit {and/or second base
unit of a base set). In some embodiments, the second nlet tube and second guide member
extend in the same direction as the first extension member. In some embodiments, the second
inlet 1s configured to receive a second agent. In some embodiments, a second catheter is in
fluidic communication with the second port and 1s contigured to deliver the second agent to
the patient via the base unit {and/or second base unit of a base set}. In some embodiments, a
first housing comprising a first outlet port configured to reversibly couple to the first port via
the first guide member 1 provided. In some embodiments, a second housing comprising a
second outlet port configured to reversibly couple to the second port via the second guide
member 15 provided. In some embodiments the second guide member prevents the
engagement of the first housing to the second port and the first guide member prevents the
engagement of the second housing to the first port.

[0018] Certain embodiments pertain to a base unit (or base set} comprising a first
port and a second port and a connector set configured to couple to the base unit (or base set).
In some embodiments, the connector set comprises a first connector configured to reversibly
couple to the first port and a second connector configured to reversibly couple to the second
port. In some embodiments, the first connector comprises a male portion of an engaging
fastener and the second connector comprises a female portion of the engaging fastener (or
vice versa). In some embodiments, the first connector and second connector are linked via

the engaging fastener.
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[6019] In some embodiments, the engaging fastener comprises a tongue n
channel configuration {(or tongue in groove), wherein the tongue is located on the first
connector and the channel (or groove) is located on the second connector.

[6028] Certain embodiments pertain to an apparatus for use with an mfusion
system, the apparatus comprising a flind conduit comprising a first channel and a second
channel. In some embodiments, the first channel comprises a first inlet connector attached to
one termunus of the first channel. In some variants, the second channel comprises a second
inlet connector attached at one terminus of the second chanvel. In some implementations the
first mlet connector and the second inlet connector are differently shaped. In some
embodiments, the first inlet connector engages a first fluid reservoir and the second inlet
connector engages a second fluid reservorr,

[0021] In some embodiments, the first inlet connector comprises a first set
external threads and the second inlet connector comprises a second set of threads. In some
embodiments, the first set of threads 15 different from the second set of threads.

[0022] In certain implementations, the first set of threads is configured to engage
a corresponding first configuration of threads located within a first aperture of an infusion
pump. In some embodiments, the second set of threads 13 configured to engage a
corresponding second configuration of threads located within a second aperture of the
infusion pump.

[6023] Some embodiments pertain to a medicament delivery system for use with
an wnfusion system. In some embodiments, the system comprises a first reservoir. In some
embodiments, the first reservoir s configured to contain a first hiquid solution of a first
medicament. In some embodiments, the first reservoir comprises a first reservoir port that
allows access to the first hquid solution. In some embodiments, the first reservoir interacts
with a first collar. In some embodiments, the first collar comprises one or more projections
extending (e g, radially} outward from the first collar. In some embodiments, the first
reservoir comprises a neck. In some embodiments, the first collar is configured to engage the
first reservoir near the first reservoir port {e.g., around the neck) to provide a first collared
Teservoir.

16024} In some embodiments, the system comprises a second reservoir. In some

embodiments, the second reservoir 1s configured to contain a second hiquid solution of a
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second medicament.  In some embodiments, the second reservowr comprises a second
reservoir port that allows access to the second hguid solution. In some embodiments, the
second reservoir interacts with a second collar. In some embodiments, the second collar
comprises one or more projections extending (e g., radially) outward from the second collar.
In some embodiments, the second reservoir comprises a neck. In some embodiments, the
second collar 1s configured to engage the second reservoir vear the second reservoir port
(e.g., around the neck) to provide a second collared reservoir.

[6025] In some embodiments, a first inlet connector fits over at least a portion of
the first reservoir to engage the first reservoir. In some embodiments, the first inlet connector
also fits over at least a portion of the first port. In some embodiments, the first inlet
connector 1s configured to engage at least a portion of the first collar of the first collared
reservoir via the collar projections of the first collar. In some embodiments, the first inlet
connector comprises a first needle configured to access the first liquid solution via the first
port.

[6026] In some embodiments, a second mlet connector fits over at least a portion
of the second reservoir to engage the second reservorr. In some emboduments, the second
inlet connector also fits over at least a portion of the second port. In some embodiments, the
second inlet connector 1s configured to engage at least a portion of the second collar of the
second collared reservoir via the collar projections of the second collar.  In some
embodiments, the second inlet connector comprises a second needle configured to access the
second liquid solution via the second port.

[8027] In some embodiments, the first collar further comprises one or more
guiding elements. In some embodiments, the guding element extends outward (e.g.,
radially) from the first collar. In some embodiments, the first inlet connector comprises a
track {e.g., a trough, a groove, etc.} configured to receive the guiding element of the first
collar.

[6028&] In some embodiments, the second collar further comprises one or more
guiding elements. In some embodiments, the guiding element extends outward {(e.g.,
radially) from the second collar. In some embodiments, the second inlet connector comprises
a track (e.g., a trough, a groove, etc.} configured to receive the guiding element of the second

collar.



WO 2017/007968 PCT/US2016/041395

[6029] In some embodiments, the first collar {and/or first reservoir) 1s configured
to interact with the first inlet connector and not the second inlet connector. In some
embodiments, the projections and/or guide features of the first collar are configured to block
engagement of the first collar with the second inlet connector. In some embodiments,
features of the first reservoir {e. g., its diameter, neck position, eic ) are configured to block
engagement of the first reservoir with the second inlet connector. In some embodiments, the
second collar {and/or second reservoir} is configured to interact with the second inlet
connector and not the first inlet connector.  In some embodiments, the projections and/or
guide features of the second collar are configured to block engagement of the second collar
with the first inlet connector. In some embodiments, features of the second reservoir {e.g., it
diameter, neck position, etc.} are configured to block engagement of the second reservorr
with the first inlet connector.

(6030} in some embodiments, when an inlet connector is brought into proximity
to the collared reservoir to engage the collared reservoir, the inlet connector and collared
reservoir are not rotated axially with respect to each other. In some embodiments, when the
mnlet connector s brought into proximity to the collared reservoir to engage the collared
reservoir, the inlet connector and collared reservoir are rotated axially with respect to each
other. In some embodiments, when the inlet connector is brought into proximity to the
collared reservoir to engage the collared reservorr, the inlet connector and collared reservoiwr
are engaged hinearly.

(6031} In some embodiments, the medicament delivery system further comprises
a base unit {or base set) as described above. In embodiments, the medicament delivery
system further comprises a connector set. In some embodiments, first reservoir and first inlet
connector are in fludic communication with the first connector (eg, via a first fluid
conduit). In some embodiments, second reservorr and second inlet connector are 1n fluidic

communication with the second connector {e.g., via a fust flmd conduit). In some

P A
embodiments, the first reservoir 1s configured to not interact with the second connector (e.g.,
through one or more features system) In some embodiments, the second reservoir is
configured to not mteract with the first connector {e.g., through one or more features of the

system).
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[6032] Some embodiments, pertain to a medicament delivery system for use with
an infusion system, the system comprising a reservoir configured to contain a first hiquid
solution of a first medicament. In some embodiments, the reservoir comprises a port that
allows access to the first hquid solution. In some embodiments, the system comprises a
collar comprising a collar projection extending radially from the collar and a guiding element
that extends radially from the collar, the collar configured to engage the reservoir near the
port. In some embodiments, the system comprises an inlet connector that surrounds at least a
portion of the reservoir covering the port, wherein the nlet connector engages at least a
portion of the collar via the collar projection. In some embodiments, the inlet convector
comprises a needle configured to access the first hiquid solution via the port.

[6033] Some embodiments provide a medicament delivery system for use with an
mfusion system, the system comprises a reservoir configured to contain a first liquid solution
of a first medicament, the reservoir comprising a port that allows access to the first hiquid
solution. In some embodiments, the medicament delivery system comprises a collar
comprising a collar guiding element extending radially from the coliar, the collar configured
to engage the reservoir near the port to provide a collared reservour. In some embodiments,
the medicament delivery system comprises an inlet connector that fits over at least a portion
of the collared reservoir and covers at least a portion of the port, wherein the inlet connector
engages at least a portion of the collar via a collar guiding element track located within the
mlet connector and configured to allow the collared reservoir to insert into the inlet
connector.  In some embodiments, the inlet connector comprises a needle configured to
access the first higuid solution via the port.

[0034] In some embodiments, the collar further comprises a guiding element that
extends radially outward from the collar and wheremn the inlet connector comprises a track
configured to receive the guiding element. In some embodiments, when the inlet connector
is brought into proximity to engage the collared reservoir, the inlet connector and collared
reservolr are not rotated axially with respect to each other. In some embodiments, when the
mlet connector is brought nto proximity to the collared reservoir to engage the collared
reservoir, the mnlet connector and collared reservoir are engaged hinearly.

[0035] Some embodiments pertain to an infusion set for delivering a single or

multiple medicaments to a patient. In some embodiments, the infusion set comprises a first

8-



WO 2017/007968 PCT/US2016/041395

base umit comprising a first port. In some embodiments, the infusion set a second base unit
comprising a second port. In some embodiments, the infusion set comprises a first connector
set configured to couple to the first base unit and not the second base unit, the first connector
set comprising a first connector configured to reversibly couple to the first port via a first
guide member. In some embodiments, the mfusion set comprises a second connector set
configured to couple to the second base unit and not the first base unit, the second connector
set comprising a second connector configured to reversibly couple to the second port via a
second guide member. In some embodiments, the infusion set the second guide member
prevents the engagement of the first connector to the second port and the first guide member
prevents the engagement of the second connector to the first port.

[8036] Some embodiments provide an infusion set for delivering a single or
multiple medicaments to a patient. In some embodiments, the infusion set comprises a base
set. In some emmbodiments, the base set comprises a first base urut having a fust port and a
first adhesive portion. In some embodiments, the first base unit comprises a first piercing
element configured to deliver a first medicament to the patient. In some embodiments, the
first adhesive portion is configured to adhere the first base unit to the patient. In some
embodiments, the infusion set comprises a second base unit having a second port. In some
embodiments, the second base unit comprises a second adhesive portion configured to adhere
the second base unit to the patient.

[0037] In some embodiments, the infusion set further comprises a connector set.
In some embodiments, the connector set comprises a first connector configured to reversibly
couple to the first base unit via the first port. In some embodiments, the first connector
provides a first fluid path from a first medicament reservoir to the first port of the first base.

[6038&] In some embodiments, the infusion set comprises a second connector
configured to reversibly couple to the second base unit.

[06039] In some embodiments, the first base unit comprises a first guide member
that prevents engagement of the second connector to the first base umt. In some
embodiments, the second base umit comprises a second guide member that prevents
engagement of the first connector to the second base unit. In some embodiments, the first
base unit and the second base unit are able to move independently with respect to each other

to fit contours of the patient’s body during movements made by the patient.
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[6040] In some embodiments, the second base umit comprises a second piercing
element configured to deliver a second medicament to the patient. In some embodiments, the
second connector is configured to provide a second fluid path from a second medicament
reservoir to the second port of the second base.

[0041] In some embodiments, the first piercing element 1s a catheter in fluidic
communication with the first port and configured to deliver a first medicament to the patient
via the first base unit.

[6042] In some embodiments, the first connector comprises a first retention chip
that locks the first connector in place when in a coupled position with the first base unit.

[6043] In some embodiments, the first retention chip 1s configured to be depressed
to allow one-handed de-coupling of the first connector from the first base unit.

[0044] In some embodiments, the second connector comprises a second retention
clip that locks the second connector in place when in a coupled position with the second base
unit. In some embodiments, the first retention chip 1s configured to prevent coupling of the
first connector to the second base unit and the second retention chip is configured to prevent
coupling of the second connector to the first base unit.

[6045] In some embodiments, the second tab 15 configured to be depressed to
aliow one-handed de-coupling of the second connector from the second port.

[6046] In some embodiments, the first connector comprises an alignment feature
that guides the first connector in place when coupling it to the first base unit.

[0047] In some embodiments, the first connector set comprises a fluid conduit,
wherein the fluid conduit 15 configured to allow fhudic communication with a first reservorr
configured to contain a first liquid solution of a first medicament.

[0048] In some embodiments, the first base unit and first connector set, or the
second base umit and second connector set, are used mdividually m a single medicament
configuration or together 1n a dual-medicament configuration.

[0049] Some embodiments provide a medicament reservoir set for delivering a
single or multiple medicaments to a patient.  In some embodiments, the medicament
reservolr set comprises a first reservoir comprising a first reservoir port and configured to
contain a first medicament. In some embodiments, the medicament reservoir set comprises a

first inlet connector that fits over at least a portion of the first reservoir and at least a portion

-10-
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of the first reservoir port. In some embodiments, the first mlet connector comprises a first
needle configured to allow access to the first medicament. In some embodiments, the first
mlet connector comprises a first engaging member that engages a portion of the first
reservoir attaching the first inlet connector to the first reservoir. In some embodiments, the
medicament reservotr set further comprises a first inlet connector cover configured to engage
the first et connector. In some embodiments, the medicament reservoir set comprises a
second medicament reservoir comprising a second reservoir port that allows access to a
second medicament. In some embodiments, the medicament reservoir set comprises a
second inlet connector that fits over at least a portion of the second reservoir and at least a
portion of the second port. In some embodiments, the second inlet connector comprises a
second needle configured to allow access a second medicament. In some embodiments, the
second 1nlet connector comprises a second engaging member that engages a portion of the
second reservoir attaching the second inlet connector to the second reservoir. In some
embodiments, the medicament reservoir set comprises a second inlet connector cover
configured to engage the second imlet connector.

[0056] In some embodiments, the medicament reservowr set comprises a first
collar configured to engage the first reservoir near the first port to provide a first collared
reservoir. In some embodiments, the first collar comprises a first collar projection extending
radially outward from the first collar.  In some embodiments, the fust mlet connector
engages at least a portion of the first collar of the first collared reservour via the first collar
projection. In some embodiments, the first collar 13 configured to prevent coupling to the
second inlet connector.

[6051] In some embodiments, the medicament reservoir set further comprising a
second collar configured to engage the second reservoir near the second port to provide a
second collared reservoir. In some embodiments, the second coliar comprises a second collar
projection extending radially outward from the second collar. In some embodiments, the
second inlet connector engages at least a portion of the second collar of the second collared
reservoir via the second collar projection. In some embodiments, the second collar is
configured to prevent coupling to the first inlet connector.

[0052] In some embodiments, the first inlet connector further comprises a first

guiding element. In some embodiments, the second inlet connector further comprises a

-11-
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second guiding element. In some embodiments, the first guiding element 15 configured to
guide the first medicament reservoir into a first pump receptacle having a first aperture that
couples with the first guiding element. In some embodiments, the second guiding element is
configured to guide the second medicament reservoir into a second pump receptacle having a
second aperture that couples with the second guiding element.  In some embodiments, the
first guiding element 1s configured to prevent the placement of the first medicament reservoir
into the second pump receptacle. In some embodiments, the second guiding element is
configured to prevent the placement of the second medicament reservoir into the second
pump receptacle.

[0053] in some embodiments, the first inlet connector cover 1s threaded to allow
the first medicament reservoir to be screwed into place in the first pump receptacle. In some
embodunents, the second inlet connector cover s threaded to allow the second medicament
reservoir to be screwed mto place 1o the second pump receptacle.

[0054] Some embodiments provide a medicament delivery system for delivering
a smgle medicament or multiple medicaments to a patient. In some embodiments, the
medicament delivery system comprises an infusion set, a medicament set, and a purop set.

[8055] In some embodiments, the infusion set comprises a base set. In some
embodiments, the base set comprises a first base unit, the first base unit comprising a first
base set piercing element configured to deliver a first medicament to the patient, a first port,
and a first adhesive portion configured to adhere the first base unit to the patient. In some
embodiments, the base set comprises a second base unit, the second base unit comprising a
second adhesive portion configured to adhere the second base unit to the patient. In some
embodiments, the infusion set comprises a connector set. In some embodiments, the
connector set comprises a first connector configured to reversibly couple to the first base unit
and to provide a first flund path from a first medicament reservoir to the first port of the first
base. In some embodiments, the connector set comprises a second connector configured to
reversibly couple to the second base unit. In some embodiments, the first base unit
comprises a feature that prevents engagement of the second connector to the first base unit.
In some embodiments, the second base unit comprises a feature that prevents engagement of

the first connector to the second base unit,
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[6056] In some embodiments, a medicament set comprises a first reservoir and a
first fluid conduit. In some embodiments, the first reservoir is configured to contain a first
medicament accessible through a first reservoir port. In some embodiments, the first fluid
conduit 1s configured to provide fluidic communication between the first reservoir and to the
first base set plercing element

[8057] In some embodiments, the medicament set comprises a first inlet
connector and a first inlet connecior cover. In some embodiments, the first inlet connecior 1
configured to engage the first reservoir. In some embodiments, the first connector cover is
configured to engage the first inlet connector,

[6058] In some embodiments, when not engaged to the mlet connector, the first
connector cover 1s able to move along the first fluid conduit and/or to rotate freely around the
first fluid conduit.

[6059] In some embodiments, the first reservoir comprises a first collar
comprising a collar projection extending outward from the collar, the first collar configured
to engage the reservoir near the port to provide a collared reservoir. In some embodiments,
the first collar 1s configured to couple with matching projection apertures of the first inlet
connector.

[0060] In some embodiments, the first inlet connector comprises a needle
configured to access the first medicament via the first reservoir port.

[6061] In some embodiments, the second base unit comprises a second base unit
mercing element and a second port, the second piercing element configured to deliver a
second medicament to the patient. In some embodiments, the second connector is configured
to provide a second fluid path from a second medicament reservorr to the second port of the
second base unit.

[6062] In some embodiments, the medicament set comprises a first inlet
connector and a first inlet connector cover, wherein the first inlet connector 15 configured to
engage the first reservoir and wherein the first connector cover is configured to engage the
first inlet connector. In some embodiments, the medicament set comprises a second inlet
connector and a second inlet connector cover, wherein the second inlet connector is
configured to engage the second reservoir and wherein the second connector cover is

configured to engage the second inlet connector. In some embodiments, the second inlet
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connector 1s configured to not engage the furst reservoir and the first inlet connector is
configured to not engage the second reservoir.

[8063] Several iHustrative embodiments are disclosed in this specification. Any
feature, structure, or step disclosed m connection with any embodiment can be replaced with
or combined with any other feature, structure, or step disclosed 1n connection with any other
embodiment, or omitted. Further, for purposes of summarizing the disclosure, certain
aspects, advantages, and features of the inventions have been described herein. However, not
all embodiments include or achieve any or all of those aspects, advantages, and features. No
mdividual aspect of this disclosure 1s essential or indispensable.

BRIEF DESCRIPTION OF THE DRAWINGS

[8064] Various embodiments are depicted in the accompanying drawings for
itlustrative purposes, and should 1n no way be nterpreted as himiting the scope of the
embodiments. Any features, structures, components, materials, and/or steps of any of the
embodiments can be combined or replaced with any features, structures, components,
materials, and/or steps of any other of the embodiments to form additional embodiments,
which are part of this disclosure.

[8065] Figure 1 illustrates a perspective view of an embodiment of a portion of an
mfusion system.

[0066] Figure 2 illustrates a top view of the system of Figure 1.

[8067] Figures 3A and 3B illustrate front views of the system of Figure 1.

[00638] Figures 4A and 4B illustrate views of the system of Figure 1 wherein
portions of the system have been disconnected.

[8069] Figure 5 illustrates an exploded view of an infuston set.

[0070] Figure 6 illustrates a view of a base and distribution connectors.

[6071] Figure 7A-7D illustrates views of a base separated from distribution
Connectors.

[8072] Figure 8 tllustrates a view of a base and two distribution connectors where
one distribution connector 13 disengaged from the base.

6073} Figure 9 illustrates a view of a base and two distribution connectors where
one distribution connector 1s disengaged from the base.

[6074] Figure 10 ilustrates a front view of a distribution connection set.
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[6075] Figure 11 illustrates a bottom view of the distribution connection set of
Figure 10.

[8076] Figure 12 illustrates a base with distribution connectors removed.

[6077] Figure 13 dlustrates connectors that are disengaged from each other.

[6078&] Figure 14 illustrates a reservoir coupled with an inlet connector with the
cover disengaged.

[0079] Figure 15 tllustrates a reservoir coupled with an inlet connector with the
cover engaged.

[0086] Figure 16 dlustrates a bisected view of a reservoir coupled with an inlet
connector with the cover engaged.

[6081] Figure 17 illustrates an exploded view of a reservorr, an inlet connector,
and a cover.

[0082] Figure 18 ilustrates an inlet cover and components.

[6083] Figure 19 illustrates a reservoir coupled with an inlet connector with the
cover engaged.

[0084] Figure 20 illustrates an exploded view of a reservoir, an inlet connector,
and a cover.

[0085] Figure 21 ilustrates a bisected view of a reservoir coupled with an inlet
connector with the cover engaged.

[6086] Figure 22 dlustrates an inlet cover and components.

6087} Figures 23-27 illustrate musmatched reservoir and inlet connector
assemblies.

[0088] Figures 28-33 illustrate embodiments of reservours and inlet connector
assemblies.

[6089] Figures 34A-36 illustrate a pump assembly configured for use with an
mfusion system.

6096} Figures 37A-C illustrate an embodiment of a collar assembly and a
corresponding inlet connector.

[0091] Figures 38A-C illustrate another embodiment of a collar assembly and a

corresponding inlet connector.
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[6092] Figures 39A-C illustrate another embodiment of a collar assembly and a
corresponding inlet connector.

[8093] Figures 40A-C iilustrate another embodiment of a collar assembly and a
corresponding mlet connector.

[0094] Figures 41A-C ilustrate an embodiment of a reservoir and inlet cover
connector engaging with collar and inlet connector.

[0095] Figures 42A-C illustrate an embodiment of a reservoir and inlet cover
connector engaging with collar and mlet connector.

[6096] Figures 43A-B illustrate the assembly of Figure 41A-C engaging with a
pump device.

6097} Figures 44A-C illustrate another embodiment of a collar assembly and a
corresponding inlet connector.

[0098] Figures 45A-C illustrate another embodiment of a collar assembly and a
corresponding inlet connector.

[6099] Figures 46A-B illustrate another embodiment of a collar assembly and a
corresponding inlet connector.

6160} Figures 47A-B illustrate another embodiment of a collar assembly and a
corresponding inlet connector.

[0101] Figures 48A-C illustrate an embodiment of a reservoir and inlet cover
connector engaging with collar and mlet connector.

[0102] Figures 49A-C ilustrate an embodiment of a reservoir and inlet cover
connector engaging with collar and inlet connector.

[6103] Figures 50A-D illustrate an embodiment of a luer lock collar system.

[0104] Figures 51 A-C illustrate another embodiment of a collar assembly and a
corresponding inlet connector.

[0105] Figures SZA-C illustrate another embodiment of a collar assembly and a
corresponding inlet connector.

[0106] Figures 53A-C illustrate another embodiment of a collar assembly and a
corresponding inlet connector.

(0167} Figures 54A-C illustrate another embodiment of a collar assembly and a

corresponding inlet connector.
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[0108] Figures 535A-C illustrate an embodiment of a reservoir and inlet cover
connector engaging with collar and mlet connector.

[0109] Figures 56A-C illustrate an embodiment of a reservoir and inlet cover
connector engaging with collar and mlet connector.

(0116} Figures STA-C illustrate embodiments of inlet connectors, inlet connector
covers, and components thereof,

[0111] Figures 38A-C illustrate exploded and partially assembled views of an
embodiment of a reservoir, an inlet connector, an inlet connecting cover, and components
thereof.

[0112] Figures 59A-B illustrate a pump assembly engaging with the inlet
connectors and covers of Figures 57A-B and medicament reservoirs.

[0113] Figures 60A-B ilustrate embodiments of mlet connectors, inlet connector
covers, medicament reservoirs, and components thereof.

6114} Figures 61A-C illustrate a system for filling a medicament reservoir.

[0115] Figures 62A-F illustrate various inserts for engaging medicament reservoir
pistons.

6116} Figures 63A-B illustrate perspective views of a dual infusion set base
where 63A also illustrates an insertion implement.

(0117} Figures 64A-B illustrate perspective views of dual medicament
distribution connectors where 64A also tilustrates a cover for the distribution connectors.

[0118] Figures 65A-B illustrate views of a dual medicament infusion set where
6SH is a cross-sectional view from the top.

[6119] Figures 66A-B illustrate a single medicament mfusion set base where an
msertion implement is attached {(66A) or detached (66B).

[0128] Figures 07A-B illustrate perspective views of a single medicament
distribution connector where 67A also illustrates a cover for the distribution connector.

[0121] Figures 68A-B illustrate views of a single medicament infusion set where
688 is a cross-sectional view from the top.

[0122] Figures 69A-E illustrate various configurations of dual medicament

nfusion set bases, connectors, and covers.
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DETAILED DESCRIPTION

(6123} A drawback of multi-medicament (e.g., pharmaceutical, hormone, etc.}
regimens is that the patient or physician may accidentally load, transfer, and/or administer
the incorrect medicament. The accidental admumistration of the incorrect medicament to the
patient can have serious and potentially fatal consequences. For example, standard-of-care
msulin therapies for regulating blood glucose in diabetic patients may involve subcutaneous
infusion of msulin via an insublin pump. If the amount of dosed nsulin is excessive, it can
lead to hypoglycemia or a situation of pending hypoglycemia. To combat and/or reverse
such adverse sutuations, individuals typically consume additional carbohydrates {e.g. sweet
juice or glucose tablets) and in some situations can also administer a so-called “rescue dose”
of a counter regulatory agent, such as glucagon. In such an application, glucagon is typically
reconstituted into  solution from an emergency kit and wmanuvally  administered
miramuscularly. If, during a diabetic episode, a patient required insulin but was given
glucagon accidentally, that administration could lead to devastating effects and potentially
death.

[6124] The proper channeling in medicament dosing where one medicament 13
used to achieve one effect while the other i1s used to achieve the opposite effect {e.g., in the
case of nsulin and glucagon) 1s critical. While diabetic drugs are used as an example,
improper channeling can have deleterious effects in many multi-medicament regimens {(e.g.,
in drugs that regulate pancreatic enzymes, eic.) because a medicament 1s not administered to
the patient at the necessary time or an imncorrect medicament ts administered at a dangerous
level.

[0125] In a multi-medicament automated system, if the medicaments are
accidentally loaded in the incorrect reservoirs, the automated system delivers an ineffective
{and potentially bharmful) medicament to the patient This phenomenon of incorrect
medicament administration 1n automated systems is called cross-channeling. Cross-
channeling i1s dangerous because the wrong medicament could have the opposite of the
intended effect or a side effect that 1s unanticipated. This improper channeling could not only
fail to alleviate the patient’s condition, but could make the patient's condition worse, or cause
a new problem-state for the patient. For instance, this improper channeling could cause a

negative feedback loop, wherein the control system attempts to adjust the patient’s disease
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state 1 one direction, but the delivery of the incorrect medicament exacerbates or causes no
effect on the disease state. Sensing this, the control system can trigger further doses of the
wrong medicament in an attempt to control the patient’s condition, while actually causing the
patient’s condition to further deteriorate {(or causing overdosing of the incorrect
medicament}.

[0126] Certain embodiments, of infusion systems and components described
herein are configured to minimize the occurrence of cross-channeling. Described herein are
mfusion systems for multiple medicaments and vartous connectors, tubes, and cartridges that
ensure proper channeling of each medicament to the patient. While certain embodiments, of
infusion systems and components are described below to illustrate various examples that may
be emploved to achieve one or more desired mmprovements, these examples are only
itlustrative and not miended n any way to restrict the general inventions presented and the
various aspects and features of these inventions. The phraseology and terminology used
herein 1s for the purpose of description and should not be regarded as limiting. No features,
structure, or step disclosed herein is essential or indispensable.

(6127} Some embodiments described herein pertain to an infusion system for
dosing multiple medicaments without cross-channeling by providing design features and/or
mating connectors or adapters on certain components of the infusion system. In some
embodiments, the mfusion system consists of an imfusion pump with two or more infusion
chambers, drive shafts, or pump chambers, cartridges filled with different medicaments, and
connectors and tubing that connect to the cartridge and to the infusion pump in such a way as
to prevent mischanneling or cross-channeling of medicaments. In certain variants, each type
of cartridge for each type of medicament has one or more unique differentiating features
(either as an integral part of the cartridge or as a component attached or affixed to the
cartridge), for example geometric or shape-based features, that allow for unique coupling
with a type of connector that utself has umque differentiating features that engage
corresponding features in the pump housing and allow for insertion of the proper cartridge
into the proper infusion chamber, drive shaft, or pump chamber within the infusion pump.

[0128] In certain varants, the system comprises a base with a housing having one
or more implements {e.g., dehivery members) that allow delivery medicaments to the patient.

in some variants of the system, the housing is connected to a distribution set comprising one
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or more distribution connectors that are configured to receive a medicament from one or
more medicament reservoirs. In some embodiments of the system, one or more fluid conduits
provide fluidic communication between the reservoirs and the connector set. In various
implementations, a connector set comprising one or more connectors couples the fluid
conduits to the reservous. In some variants of the system, the reservoirs are located mn a
purping device configured to distribute the medicament from the reservowr to the conduit,
thereby supplying the system with medicaments. In some embodiments, the fluid conduits
provide separate pathways that terminate at designated delivery members {e.g., needles,
cannulas, etc.) within the base enabling independent subcutaneous delivery of medicaments
separately.

[0129] In some embodiments, unique mating connectors and design elements
ensure that each portion of the system can only be connected within the system in a unique
way or configuration, thus preventing the cross-channeling. In certain embodiments, the
design features give rise to the following advantages: (1) the mfusion system allows the user
to easily connect and disconnect the channels independently from both medicament sources
as well as from the infusion ports or sites; (2) the infusion system mutigates the possibility of
mischanneling by accidentally connecting the wrong tubing to the wrong medicament source
or infusion site {e.g., by having a connector that is disposed between one tube and one pump
reservorr of one medicament system differ from the connector of the other tube and
reservoir); and (3) the infusion system allows for a single or multistep nsertion of the dual-
cannula infusion site or port. In some embodiments, the components described herein
{connectors, bases, ports, channels, etc.} can further comprise visual or brail call-outs in
addition to or mnstead of various paired physical features disclosed herem. For mstance, m
some implementations, the components can comprise call-outs with wording indicating a
proper medicament. In some variants, different colors or lengths {(or other vanables) to
provide visual feedback regarding appropriate medicaments for appropriate components.

[0136] In some embodiments, as stated above, the mfusion system can be used to
provide separate fluid pathways for a variety of medicaments {e.g., drugs, hormones,
proteins, pharmaceuticals, bislogics, etc.) dissolved in a variety of liguid carriers. In certain
embodiments, different ligpud vehicles may be preferred based on the solubility, stabifity, or

sensitivity of the medicament in a particular carrier. In some embodiments, aqueous solutions
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(buffers, etc) are used as a delivery vehicle for the medicament. In certain varations,
solvents such as DMSO are used to dissolve medicaments. In some embodiments,
solvent/aqueous mixtures are used.

[6131] In instances where a solvent 15 used as a carrier for the medicament, such
as when DMSO 1s used alone or as a partial aqueous solution, 1t s desirable to nunimize
potential contamination of medicaments from materials used for making the system. For
instance, when solvents are used, each feature of the infusion system can be insert-molded to
avoid glues and other materials that may dissolve in the medicament vehicle. In some
embodiments, injection molding 15 not used. In some embodiments, the infusion systems
described herein can be used to deliver drugs that are dissolved in weaker solvents and/or
inorganic solutions {e.g., water) that do not dissolve glues and fixatives. In some
embodiments, when such drug systems are used, features of the infusion system can be glued
or otherwise affixed together.

[0132] In some vanants, the infusion system comprises one or more of
specifically shaped vials, vial caps, connections, and housings that can be configured to
receive only medicaments supplied using the matched/paired components (eg., threads,
tubing, reservoirs, outlets, inlets, etc) having coinciding shapes. In some variants, these
paired connector sets help avoid mischanneling. In some embodiments, the features of the
vials, vial caps, connections, and housings can only be paired with their mated fittings. In
certain embodiments, for instance, a first medicament can only be delivered through a first
medicament pathway and a second medicament can only be delivered through a second
medicament pathway.

[6133] In some embodiments, as stated above, the infusion system comprises an
infusion set, a fluid conduit, an infusion pump, and two or more medicament pathways. In
certain 1mplementations, the medicament pathways comprise design features preventing
mixing and matching of design elements from one pathway with design elements of the
other. For instance, in certain variants, the fluid conduit has two or more channels wherein
each channel 1s configured to provide a different medicament pathway. In some
embodiments, the mfusion set comprises medicament pathways leading to separate
distribution cannulas. In some embodiments, distribution connectors provide the medicament

from the fluid pathways to the cannulas. In certain embodiments, these connectors are
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mdividoally molded and can only engage specific ports within an mfusion housing, so that
the connections cannot be connected to other ports located on the housing.

[0134] In varicus embodiments, the two or more channels are configured to
mteract only with separate inlet connectors from medicament reservoirs. In some
embodiments, these inlet connectors prevent the medicament from entering the incorrect
medicament pathway. In certain embodiments, these connectors are individually molded and
can only engage specific ports of the fluid conduit or of an infusion pump, so that the
connections cannot be connected to other medicament pathways.

[0135] A variety of system components are described below to illustrate various
examples that mav be employed to achieve one or more desired improvements. These
examples are only dlustrative and not mtended 0 any way to restrict the general inventions
presented and the various aspects and features of these inventions. Furthermore, the
phraseology and termmology used herein is for the purpose of description and should not be
regarded as limiting. No features, structure, or step disclosed herein is essential or
mdispensable. For simphicity, the systems disclosed herein are shown as providing two
medicaments pathways. However, additional pathways (3, 4, 5, 6, or more) can be prepared
using this same strategy. Moreover, these pathways are shown as non-intersecting. it should
be appreciated that, in some implementations, the pathways for particular medicament
systems can be configured to mtersect. In some embodiments, the ntersection of certamn
pathways premixes medicaments separate from separate reservoirs just prior to infusion. For
example, in a three medicament system, medicament A and B can share a fluid pathway,
while medicament C has its own pathway configured not to mteract with the A and B
pathway. Medicament A and B can be nuxed prior to injection, while medicament C remains
free of other medicaments prior o injection.

[0136] In some embodiments, as shown in Figures 1-4B, the infusion system 001
comprises a base 100. In some varants, the base comprises a housing 105 and is in
communication with a distribution connector set 200, In certain implementations, the
distribution set 200 comprises a first distribution connector 210 and a second distribution
connector 220, In some vanants, the fust distribution comnector 210 and a second
distribution connector 220 are not interchangeable and, instead, are only able to interact with

the base 105 at designated positions via design features of a housing 105, For example, as
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shown in Figures 4A and 4B, in some embodiments, the housing 105 comprises a first fluid
mlet 110 and a second fluid inlet 120 shaped to interact only with the first distribution
connectors 210 and the second distribution connector 220, respectively.

[6137] In some embodiments, the first distribution connector 210 and a second
distribution connector 220 are independently or comjunctively reversibly couplable (as shown
in Figures 4A-5) to the base 100 via design features of the housing 105 and of the connectors
210, 220,

10138} In certain variants, as shown in Figures 3A-B and 5, the housing 105
comprises a first cannula 130 {e. g, needle, piercing implement, etc.) and a second cannula
135 {e.g., needle, piercing implement, etc.). In some embodiments, the piercing 1implement
comprises material that can be nigid (e.g., stff) or non-ngid (e.g., flexible). In certamn
implementations, the piercing implement comprises a metal material {e.g., iron, stainless
steel, alloys, etc.), a polymeric material (e.g., plastic, Teflon, polyurethane, polyethylene,
etc.}, a composite material, or combimnations thereof. In some embodiments, the first cannula
130 recetves fluid only via the first distribution connector 210 and the second cannula
receives fluid only via the second distribution connector 220. In certain embodiments, there
is no cross contamination of fluids between distribution connectors 210, 220 and the first
cannula 130 and the second cannula 135 because of separate features within the fluid
pathways. In some embodiments, as shown in Figure 5, the needles 130, 135 can be provided
with protective covers 131, 136, These protective covers can prevent damage of the needles
during manipulation of the assembly prior to use. The covers can also mimimize nisk of
contamination of the needles prior to use. In some embodiments, the covers 131, 136 can be
used as safety capture receptacles for used mfusion sets. The covers can facilitate disposal of
the infusion set and minimize risk of contamination.

[6139] In some embodiments, as shown in Figures 1-5, the infusion system
further comprises a fluid conduit 300 having a plurality of channels 310, 320. In some
embodiments, the fluid conduit comprises a first channel 310 and a second channel 320 In
some variants, the first channel 310 and the second channel 320 are in flmdic communication
with the first distribution connector 210 and the second distribution connector 220,
respectively. In some embodiments, the first channel 310 s bonded (e.g., glued, welded,

msert molded, or otherwise affixed)} to the first distribution connector 210 and the second
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channel 320 1s bonded to the second distribution connector 220 so that when one connector s
replaced, the coincuding fluid channel is also replaced. In some embodiments, the channels
are not bonded to the distribution connectors and instead have various attachment features
(e.g., threads, projections, special configuration, channel couplers, etc.) that prevent cross
mating of channels with incorrect distribution connectors.

[0140] In certain implementations, as shown in Figures 1-5, the first channel 310
and the second channel 320 are configured to be m fluidic communication with medicament
reservoirs {not pictured) via inlet connectors. In some variants, the system comprises a first
inlet connector 410 and a second inlet connector 420 {e.g, caps). In certain variants, the first
inlet connector 410 and the second inlet connector 420 are configured to interact with
differently shaped reservoirs. For instance, in some embodiments, a reservoir that interacts
with the first mlet connector 410 will not interact with the second inlet connector 420
because of the shape of the reservoir and cap. Conversely, in some embodiments, a reservoir
that interacts with the second inlet connector 420 will not interact with the first inlet
connector 410 because of the shape of the reservoir and cap. In some embodiments, as shown
mn Figures 1-5, the first channel 310 and the second channel 320 are configured to be in
fluidic communication with the first inlet connector 410 and the second inlet connector
channel 420, respectively,. In some embodiments, the first channel 310 1s bonded to the first
inlet connector 410 and the second channel 320 15 bonded {welded, inyected molded, glued,
etc.) to the second inlet connector 420 so that when one inlet connector is replaced, the
coinciding fluid channel 1s also replaced. In some embodiments, the channels are not bonded
to the inlet connectors and instead have attachment features that prevent cross mating of
channels with incorrect inlet connectors.

(0141} in some embodiments, the first channel i1s a different length than the
second channel facilitating connection to the infusion pump in a specific configuration. In
some embodiments, as shown in Figure 1, the inlet connectors can be different colors to
provide further indications to the user about which medicament should be delivered to a
specific area of the infusion system.

[6142] In some embodiments, the first inlet connector 410 1s configured to
mteract with specifically shaped and sized first medicament reservoirs {not shown) via mated

design features {e.g., threads, caps, etc.}) ensuring use with only those reservoirs. The second
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mlet connector 420 1s also configured to mteract with specifically shaped and sized
medicament second reservoirs via a second configuration of reservoir connectors that are
different from those that can be used on the first inlet connector. By providing conduits and
connectors that are matched to form different pathways, medicaments from the first reservoir
are only delivered to the first cannula 130 and medicaments from the second reservoir are
only delivered to the second cannula 135 This feature helps prevent cross channeling of
medicaments and to ensure safe use of a multi-medicament infusion system.

[6143] In some embodiments, as stated above, the infusion system also comprises
a multi-medicament pump. In some embodiments, the pump also 15 shaped so that only
specific configurations of medicament containers and specifically shaped reservoirs can be
inserted into particular delivery pathways. The infusion pump serves to deliver {i.e., pump)
the medicaments from the medicament reservoirs to the fhud condut 300 {(which can be a
oulti-luroen tube). The fluid conduit then carries the medicaments via ndividual flud
pathways to an infusion set 20 that subcutaneously delivers the medicaments to the patient.

[0144] In certain variants, as discussed above and as shown in Figure 3A and 3B,
the base 100 comprises multiple designated needles 130, 135, While the needles 130, 135
shown in Figures 3A and 3B are of approximately the same length, the needles can be
inserted to the same or different depths under the skin by using different lengths of needles.
In some plementations, the ratio between the needles lengths 15 at least about: 1:1, 1:1.5,
1:2, 1:5, 1:10, values in between the aforementioned values, and otherwise. Moreover, the
needles can have different shapes and profiles. In some embodiments, medicaments can
separately or together be delivered transdermally, intradermally, subcutaneously,
mtramuscularly, or intravenously using separate piercing elements {e.g, needles or
cannulas). While the term subcutanecus is used in several examples throughout this
disclosure, the methods described herein are applicable to any of transdermal, intradermal,
subcutaneous, intramuscular, or intravenous delivery, and the use of the term subcutaneous 1s
used n an exemplary fashion. In some embodiments, during transdermal delivery, the
medicament(s) can be delivered to, for example, a surface of the skin with or without the use
of a permeation enhancing agent {e.g., a solvent such as DMSO, azone, pyrrolidones, fatty
acids, essential oils, terpenes, terpenoids, oxazolidinones, urea, or the bke) In certam

implementations, during intradermal delivery, the medicament{s) can be delivered via a
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piercing element {e.g., a microneedle, etc.) that penetrates the skin by less than or equal to
about 8 mm, about 6 nun, about 4 mm, about 2 mm, about | mm, or about 0.5 mum. In certamn
variants, the drug is delivered by catheters 130, 135 which can be placed under into the skin
using trocars.

[0145] In some embodiments, cannula angles can be independently varied with
respect to one another. For instance, in some embodiments, where the cannulas are at an
angle of 0 ” with respect to each other, the needles that are aligned. In some embodiments,
the cannulas are at angles with respect to one another that are more than about 0 ©, about 5
about 10 °, about 15 °, about 20 °, about 30 °, or about 40 °.

[0146] As shown in Figure 4, in certain variants, the distribution connectors 210,
220 can be disengaged from the housing 105 and removed from the housing as a unit (e.g., as
the connector set 200). As shown in Figures 1-S, in some embodiments, there s a left and a
right side distribution connector. In some embodiments, the left side distribution connector
210 (i.e, the first distribution connector) 1s configured to only interact with the left side of
the housing 105 via design elements of the housing 105 and/or the left side distribution
connector 210, Similarly, m some embodiments, the right side distribution connector 220
(1e., the second distribution connector) 15 configured to only interact with the right side of
the housing 105. This capacity to engage only certain features of corresponding infusion
system parts helps maintain separate medicament fluid paths (because distribution connectors
cannot be simply switched from one side to the other).

(6147} In some embodiments, the connectors 210, 220 comprise tabs 212, 222 In
some embodiments, the tabs 212, 222 {e.g., pads, levers, etc}) are textured {e.g., ribbed,
knurled, abraded, etc.) to provide traction during depression or positioning of each of the
distribution connectors 210, 220 In some embodiments, these pads allow single hand
coupling and decoupling of the distribution connectors imdividually 210, 220 or as a set 200.
This feature enables patients, even those with lhmuted mobility and/or dextenity, to
manipulate the connectors 210, 220 to engage and disengage them. In some embodiments,
the pads chick into place giving an auditory signal that the connectors are engaged. In some
embodiments, visual verification of attachment 1s unnecessary.

[0148] In certain variants, as shown in Figures 4-7, the tabs 212, 222 comprise

connection members 214, 224 (e.g., a flange, lip, groove, detent, etc.) that engage securing
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apertures 114, 124 on the housing 105 to secure the distribution connectors 210, 220, These
features help tightly seal the distribution connectors 210, 220 to the housing 105, In some
implementations, the tabs 212, 222 can be single-handedly be depressed to disengage the
connection members 214, 224 and to release the distribution connectors 210, 220,

10149 In some 1maplementations, as shown in Figures 4, S, and 7, the base 100
comprises a projecting first flind inlet 110 and a second fluid inlet 120, These projecting
flund inlets 110, 120 are configured to engage corresponding connection apertures of the first
distribution connector 210 and the second distribution connector 220, respectively. In some
embodiments, the first fluid inlet 110 and a second fluid mnlet 120 are shaped differently to
match apertures of the first distribution connector 210 and the second distribution connector
220, respectively. This feature can also be implemented to prevent cross channeling of
medicaments.

[0156] As shown in Figure S, in certain variants, the base 100 comprises an
adhering surface 102 {adhesive tape, gel, etc.} configured to secure the infusion set to the
skin of a patient. In some implementations, the base 100 comprises a support surface 104
{e.g., a foam pad) that engages the housing 105 and provides a connection pomt to the
adhering surface 102 (e.g., a tacky foam). In some embodiments, the adhering surface 102,
support surface 104, and housing 105 have apertures configured to align and to allow the
needles 130, 135 to pass through In some embodiments, an inserter can be provided to
properly align the base before 1t is deployed. The inserted can comprise a spring loading to
quickly msert the needles 130, 135 into the skin, aliowing the patient {or doctor} to direct the
location of the base.

[0151] Also as shown m Figure 5, in certain imaplementations, the distribution
connectors 210, 220 are configured to receive needles 216, 226, In certain embodiments, the
needies 216, 226 can be heat bonded {or heat staked, insert molded, otherwise glued, welded,
or affixed) in place within fluid conduit apertures 250, 260 of the distribution connectors
210, 220 during fabrication of the distribution connectors 210, 220. In some vanants, the
needles 216, 226 are removable and replaceable.

[0152] In some embodiments, as shown in Figures 7A-12, the first needle 216

and the second needle 226 of the distribution connectors 210, 220 are configured to pierce a
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first septum 112 and a second septum 122 residing within the first fhud mlet 110 and the
second flutd 1nlet 120 of the housing 105, respectively.

[0153] These septa 112, 122 can be configured to prevent unwanted leaking of
medicaments when connecting and disconnecting the distribution connectors 210, 220 via the
first fluid inlet 110 and the second fluid inlet 120, In some embodiments, the septa 112, 122
comprise entrance slhits 113, 123 that allow a needle to insert through the septa without
friction. This feature minmimizes buckling and back pressure in the fluid conduit. Buckling
and/or back pressure can cause uneven delivery of the medicaments by causing bolus
deposits to form within the connector (in, for instance the conical nlet 111) or by creating
void spaces within a channel.

[0154] As shown in Figure 7D, in some embodiments, the fluid inlets of the
housing 105 can comprise a conical mlet 111 to guide the needle of the distribution
connector into the fluid path of the housing 105, Once pierced the septa 112, 122 allow fluid
to pass through the needles 216, 226 into the housing 105 and out of the needles 130, 135
keeping individual medicament pathways uncontaminated by other medicament pathways. In
some embodiments, the needles 130, 135 affixed 1o place in the housing 103 (e.g, heat
staked, insert molded, otherwise glued, welded, or affixed). In some instances, patients may
be allergic to glues and adhesives present in needle fixing agents. Thus, heat staking can be
used to seal the needles mto the housing to avoid allergic reactions in these patients.

[0155] In some embodiments, as shown in Figures 7A-9 securing rings 116, 126
can be used secure the septa 112, 122 n place to avoid needle or channel buckling. In some
embodiments, the rings are heat staked or ultrasonically welded into the base 100. In some
implementations, rings are not used and the fluid inlets are melted or otherwise affixed in
place. In some embodiments, the rings are replaceable.

[0156] In certain tmplementations, as shown in Figures 8 and 9 and as discussed
elsewhere herein, the first distribution connector 210 and the second distribution connector
220 can be removed from the housing separately. As shown in Figures 10 and 11, they can
also be removed from the housing 105 simultaneously as a unit (e.g., a distribution set 200},

[0157] The facile removal of the distribution connectors and the individual
movability of the same help prevent cross-channeling. For instance, in certain instances, a

user may wish to replace one of the disinibution connectors and to leave the other n place.
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Given the design features and the chirality of the distribution connectors 210, 220, when
replacing a faulty distribution connector, it can only be replaced by the same type of
distribution connector (e.g., a first distribution connector can only be replaced by a
replacement first distribution connector and not a replacement distribution connector that has
the shape of the second distribution connector).

[0158] In some variants, as shown in Figures 8, 9, and 13, the first distribution
connector 210 15 configured to engage the second distribution connector 220 via an engaging
fastener 218 {e.g., a projection, dovetail, tongue, etc) located on the first distribution
connector 210 that interacts with a fastener aperture 228 (e.g., a groove} on the second
distribution connector 220. This design element further aids in preventing the musplacement
of distribution connectors during replacement {(because two “second” distribution connectors
cannot link together and two “first” distribution connectors could physically block each other
from engagement on the housing via the dovetails). In some embodiments, these features are
not present and other features of the connection/housing assembly ensure proper coupling.

[0159] In some embodiments, a groove and tongue can be mcluded on an
mdividual distribution connector. These can interact with coinciding features of an adjacent
connector to provide asymmetric connectors that can only be used together in the desired
specified way {thereby limiting cross-channeling}.

[0160] In some embodiments, the housing can comprise design elements that
allow only desired interactions with connectors having complementary elements. For
example, as shown in Figure 12, in some vanants, the housing 105 comprises a first guide
member 150 and a second guide member 160, In certain implementations, the first guide
member 150 engages a corresponding first shide aperture 230 of the first distribution
connector 210 and the second slide member 160 engages a corresponding second slide
aperture 240 of the second distnibution connector 220. In some embodiments, these members
are not present and other features of the connection/housing assembly ensure proper
coupling.

[0161] When present, hike others features described herein, the guide
member/shide aperture configuration allows only the first distribution connector 210 to
interact with the first fluid path and only the second distribution connector 220 to interact

with the second fluid path. This is true even where the engaging fastener 218 and fastener

-29-



WO 2017/007968 PCT/US2016/041395

aperture 228 are not present. For instance, the guide member/shide aperture configuration 1s
configured 10 such a way as to prevent the misplacement of distribution convectors during
replacement (because two “second” distribution connectors cannot link to the housing
simultanecusly — the shide aperture would be facing away from the slide member). Thus, this
feature of the mfusion system also ensures the fluid paths can be mamntained and chances for
cross channeling minimized. In some embodiments, where more than two medicaments are
to be delivered independently, additional shapes and sizes of male and female connector
configurations can be used to lock distribution connectors in place (first and second male
shapes that fit into first and second female apertures, respectively).

[0162] in some embodiments, as shown in Figures 1-4, the distribution connector
set 200 and the base 100 comprise an infusion set 20. As shown in Figures 1-4, the fluid
conduit 300 can mclude two or more channels, where each channel 1s adapted to deliver a
particular type of medicament to an appropriate inlet port on the infusion set 20. The multiple
channels {e g, fluid pathways} formed by the multi-channel lumen assembly 300 may be
coupled and uncoupled together in order to assist the patient in assembling the infusion
system, replacing one or more tubes of the assembly, or preventing the tubes of the lumen
assembly from becoming tangled or caught on objects during daily use and during the
performance of normal daily activities.

[0163] The multiple channels may bridge the span between the infusion pump
and the infusion set 20 by independent channels where each channel can be a single or
multiple-lumen channel, by channels joined by webbing or by some other manner where
each channel can be a single or multiple-lumen channel, or by a single multiple-lumen
channel where the enclosed lumens are arranged in an array or as concentric lumens.

[6164] In certain implementations, the fluid conduit 300 helps convey the
medicaments from reservoirs located within the infusion pump to the infusion set 26, The
mfusion set 20 can also incorporate a channeling system that can pair with each of the tubes
or channels of the fluid conduit assembly that spans the gap between the infusion pump and
the site of infusion. The infusion set can be connected, disconnected, or reconnected to the
fluid conduit and distribution connector set 200, In certain implementations, as discussed

above, the infusion set 20 infuses medicaments to the patient through multiple channels.
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[6165] As stated above, in some embodiments, the flnd condwit assembly 300
includes a first channel 310 and a second channel 320 forming medicament pathways or
channels. The end portions of the first channel 310 and the second channel 320 can include if
desired a feature element to help prevent the mischanneling of medicaments. For example,
either or both end portions can employ features with different threads, sizes, and shapes to
give 1t particular mating preferences.

[6166] As shown i Figures 1-4, the channels 310, 320 of the fhud conduit can be
configured to be coupled together by a channel coupler 330, Then, it desired, detached or
decoupled from each other. In some embodiments, this can be done repeatedly. For instance,
the channels can be coupled together over at least a portion of the length of the tubes. In
some embodiments, the channel coupler 330 prevents the channels from tanghng. In some
embodiments, as shown in Figure 4B, the channel coupler 330 can be affixed to one channel
320 and the other channel 310 can be reversibly attached thereto. In some embodiments, the
channel coupler 330 can be permanently coupled to one channel and a friction {it with the
other, or it can be friction fit to both. In some embodiments, the channel coupler substantially
the length of the channels or it can be less the full length of a channel. In some embodiments,
the coupler is less than about 75%, about 50%, about 40%, about 30%, about 20%, or less
than about 10% of the length of a channel Shorter couplers are able to slide along the cables.
Longer couplers enhance rigidity and to reduce the amount it will shide.

[0167] In some embodiments, the channel coupler 330 can run along a substantial
length of the channels or a partial length of the channels. In some embodiments, the channel
coupler 330 gives the channels nigidity preventing fluid pressure that could cause a bolus
injection to the patient or a void space in the channel. In some embodiments, the rigidity
allows the channels to be worn under the clothes withowt tangling or kinking.

6168} In certain wmplementations, as shown mn Figures 1-4 and 14, the first
channel 310 engages a first inlet connector 410 via an aperture on the inlet connector 410, As
shown 1n Figures 1-4, in some embodiments, the second channel 320 engages a second inlet
connector 420 via an aperture on the inlet connector 420. As shown in Figures 1-4, the first
mlet connector 410 and the second inlet connector 420 can be differently sized and shaped to
prevent interactions with fluid reservoirs having incorrect medicaments, thereby nunimizing

risks of cross-channeling. As shown, the first inlet connector 410 can have a longer skirt with
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a larger outer diameter {OD) and the second inlet connector 420 can have a shorter skirt with
a smaller OD The different skut sizes can give added selectivity during insertion of a
connected reservoir into the skirts. For example, vials can be configured to not fit into certain
skirts. Additionally, certain skirts can be configured to not msert into incorrect positions
within an infusion pump.

[0169] As shown in Figures 14-16, i some embodiments, the first channel 310
comprises a first piercing element 316 (e.g., a needle, cannula, etc.) configured to insert into
a first medicament reservorr 510 that couples to the first nlet connector 410, In some
embodiments, the needle 316 pierces a first reservour septum 514 on the first medicament
reservoir 510 by insertion through the pairing projection. In some embodiments, the first
reservoir 510 has a first plunger 512 adapted to be depressed by a piston of an mfusion
pump.

(0176} in some embodiments, as shown in Figure 14, a first inlet connector cover
430 {e.g., secondary cap, etc.} 1s configured to interact with the first inlet connector 410 via
the first pairing projection 412, In certain vanants, the cover 430 13 molded and permanently
attached to the first fluid conduit 310. In some embodiments, the cover 430 and the furst flud
conduit 310 are reversibly attachable. In some embodiments, not pictured, the first inlet
connector cover 430 is freely movable along the fluid conduit 310 while the needle 316 1s
molded to the first patring projection 412 and fixed there. In some embodiments, the first
mnlet connector cover 430 is heat staked to the first inlet connector 410 via the first pairing
projection 412. In some embodiments, the fluid conduit is able to freely rotate within the first
inlet connector and cover. This helps avoud kinking of the fhud conduit. In some
embodiments, the first inlet connector cover 430 and the first inlet connector are separated by
a compressible G-ring 417 This O-ring allows the cover and connector to be tightly coupled
to seal them together. In some embodiments, a compressible O-ring 415 resides around the
first inlet connector cover 430 threads to facilitate tight connection to the fusion pump via the
external threads.

[0171] In certain variants, the first cover 430 comprises a first external
engagement implements 434 {e.g., external threads) configured to interact with and engage
mated receptacles on an infusion pump. In some embodiments, the first cover 430 comprises

a first pairing aperture 432 configured to engage with the first pairing projection 412 In
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some embodiments, the first cover 430 comprises a first pawring aperture 432 that s
configured to not engage with the second pairing projection 422.

(6172} As shown in Figures 14-18, in certain implementations, the first inlet
connector 410 13 configured to interact with the first medicament reservoir 510, In some
embodiments, the first inlet connector 410 15 configured to receive an internal reservoir cover
450. In some embodiments, the internal reservoir cover 450 engages the reservoir septum
514 via one or more reservoir cover projections 454 residing on one or more internal cap
extension members 452.

[0173] In some embodiments, to be inserted properly within the first inlet
connector 410, the reservoir must be fitted with an internal reservoir cover 450. In some
embodiments, the cover projections 454 can be configured to only mteract with an
appropriate reservoir, e.g., the first reservoir 510 and not the second reservoir 520, These
features can further prevent cross-channeling of medicaments.

(6174} In some embodiments, as shown in Figure 14-18, the first inlet connector
410 comprises a first inlet connector engaging member 414 with a fust engaging member lip
416. In certain implementations, this lip 416 can interact with the internal reservoir cover 430
to engage the cover and an appropriate reservorr 510, These features also can be used to
prevent mismatching of reservoirs, further prevent cross-channeling of medicaments.

[0175] As shown m Figures 20 and 21, in some embodiments, the second channel
320 comprises a second piercing element 326 {e.g., a needle, cannula, etc.) In some
embodiments, the piercing element 326 1s configured to mnsert into a second medicament
reservoir 510, as shown in Figures 19-20, that couples to the second inlet connector 420. In
some embodiments, the needle 326 pierces a second reservoir septum 524 on the first
medicament reservoir 510 by insertion through the pairing projection.

[6176] In some embodiments, as shown in Figures 19-21, a second inlet
connector cover 440 {e.g., secondary cap, etc.} 1s configured to interact with the second inlet
connector 420 via the second pairing projection 422. In certain variants, the cover 440 1s
molded and permanently attached to the second fluid conduit 320. In some embodiments, the
cover 440 and the second fluid conduit 320 are reversibly attachable. In some embodiments,
the second inlet connector cover 440 15 heat staked to the first inlet connector 420 via the

first pairing projection 422, In some embodiments, not pictured, the second inlet connector
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cover 440 1s freely movable along the fluid conduit 320 while the needle 326 1s molded to the
second pairing projection 422 and fixed there. In some embodiments, the fluid conduit s able
to freely rotate within the second inlet connector and cover. This feature helps avoid kinking
of the fluid conduit. in some embodiments, the second inlet connector cover 440 and the
second nlet connector are separated by a compressible O-ring 427, This O-ning allows the
cover and connector to be tightly coupled to seal them together. In some embodiments, a
compressible O-ring 425 resides around the first inlet connector cover 430 threads to
facilitate tight connection to the fusion pump via the external threads. In some embodiments,
because solvents such as BMSO can be used to dissolve medicaments, each feature of the
mfusion system can be nsert molded to avoid glues and other matenials that may dissolve n
DMSO or other organic solvents. In some embodiments, when weaker solvents or inorganic
solvents are used {(e.g., water), features of the wnfusion system can be glued or otherwise
affixed together.

(0177} In certain variants, as shown in Figures 19-22, the second cover 440
comprises second external engagement mmplements 444 {e.g., external threads) configured to
mteract with and engage mated receptacles on an mfusion pump. In some embodiments, the
second cover 440 comprises a second pairing aperture 442 configured to engage with the
second pairing projection 422, In some embodiments, the second cover 440 comprises a
second pairing aperture 442 that 1s configured to not engage with the first pairing projection
4172,

[6178&] As shown in Figures 19-21, in certain implementations, the second inlet
connector 420 1s configured to interact with the second medicament reservoir 520, In some
embodiments, the second reservour 520 has a second plunger 522 adapted to be depressed by
a piston of an infusion pump. In some embodiments, to be inserted properly within the
second inlet connector 420, the reservoir must not be fitted with a reservoir cover 430. This
feature can further prevent cross-channeling of medicaments.

(0179 in some embodiments, as shown in Figure 19-22, the second inlet
connector 420 comprises a second inlet connector engaging member 424 with a second
engaging member lip 426, In certain implementations, this lip 426 can interact with the
septum 324 of the second reservoir 520, These features also can be used to prevent

mismatching of reservoirs, further preventing cross-channeling of medicaments.
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6186} In some embodiments, as shown in Figures 17 and 18, the first mlet
connector 410 comprises a first guiding element 418 (e g., a projecting feature). In some
embodiments, the second inlet connector 420 comprises a second guiding element 428 (eg.,
a rail). In some embodiments these feature can facilitate placement n, for example, a specific
aperture in an infusion pump, while discourage (or preventing) insertion nto an ncorrect
aperture. In some embodiments, the second inlet connector comprises a second rolling
element. The rolling elements can aid the user in placing the reservoirs within the pump as
they are inserted into the imfusion pump.

[0181] As shown in Figures 23 and 24, in some embodiments, when the second
reservoir 520 15 placed within the first inlet connector 410, they are unable to couple. For
instance, as shown in Figure 24, the second reservoir 520 body 1s of a sufficient diameter to
not allow 1t to fully mnsert into the first mlet connector 410 or to be pierced by the first
piercing element 316, Additionally, in some embodiments, features of the first inlet
connector 410 {e.g., the engaging member lip 416} do not engage the second reservoir 520
This provides the patient or user immediate feedback indicating that the coupling 18 incorrect.
Thus, in certain implementations, musmatching of reservoirs 1s avoided and cross-channeling
can be prevented.

6182} As shown in Figures 25-27, in some embodiments, when the first reservoir
510 15 placed 1in proximity to the second inlet connector 420, they are unable to couple. For
instance, as shown in Figures 25-27, in some embodiments, the internal reservoir cover 450
can be sized to block the first reservoir 510 from inserting into the second inlet connector
420, Thus, the reservoir 510 is not pierced by the second prercing element 326, This provides
the patient or user immediate feedback indicating that the coupling is incorrect. Thus, in
certain implementations, mismatching of reservoirs 1s avoided and cross-channeling can be
prevented.

[0183] Figures 28-33 show various embodiments of inlet connectors. The inlet
connectors of Figures 28 and 29 comprise projections that block their insertion into the
incorrect positions of wfusion pumps and facilitate their mnsertion into the correct posifions.
Figures 30-33 show views of mnlet connectors that prevent facilitate coupling and placement
of the correct reservoir mto the correct ifusion pump receptacle. For instance, as shown the

inlet connector has a deplovable kickstand that can be spring-loaded. When an incorrect vial
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18 nserted the kickstand remains deployed. However, when an appropriate reservorr 1s added
to the inlet, the kickstand retracts, allowing placement of the reservoir into an infusion pump
receptacie. Features of each inlet connector can be mixed and matched to provide multiple
types of connectors for use with 2, 3, 4, 5 6 or more medicaments. In certain
mplementations, each embodiment 15 suited to aid in the prevention of cross-channeling.

[0184] In some embodiments, as shown in Figures 34A-36, the mfusion system
001 further comprises a multi-medicament pump 600 comprising a pump body 630 and one
or more reservoir receptacles 610, 620.

[0185] In certain embodiments, the pump 600 comprises a display region 602. In
some embodiments, the display region provides the user with data regarding drug dosing or
blood levels and allows the user to adjust the distribution of medicaments accordingly. In
certain umplementations, the drug dosing 15 controlled by algorithins and the pump
automatically delivers doses based on patient status.

[0186] In some embodiments, the pump 600 also comprises design features
and/or mating connectors or adapters on certain components to ensure that the system is
connected appropriately to prevent cross-channeling. In some embodiments, the pump 600
reservoir receptacles 610, 620 are configured to receive different reservoirs 5107, 5207 which
are configured to hold different medicaments. In certain tmplementations, as shown m
Figures 34A-36, a first receptacle 610 1s configured to recetve a first reservoir 5107 and a
second receptacle 620 is configured to receive a second reservoir 520°. In certain variants,
the first receptacle 610 is configured to not receive the second reservoir 520° and the second
receptacie 620 15 configured to not receive the second reservowr S107.

[0187] In certain implementations, inlet connector covers 430°, 440° having
external threads 4347, 444’ can hold the reservoirs 3107, 520° within the pump 600. Different
pump bodies can be prepared to fit different inlet covers. For example a pump could be
provided to provide different receptacles where one is configured to accommodate the
external threads of the first connector cover 434 and the other 1s configured to accommaodate
the external threads of the second connector cover 444,

[0188] In some embodiments, the first mlet connector 4107 comprises a first
pairing projection 4127 that 1s threaded or stepped to lock the first inlet connector cover 430°

to the inlet connector 4107 and reservoir 5107, In some embodiments, the second mnlet
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connector 4207 comprises a second pairing projection 4227 that is threaded or stepped to lock
the second inlet connector cover 4407 1o the nlet connector 4207 and reservoir 5207, In some
embodiments, when these stepped/snap-tight configurations are used, an audible chck
informs the user that the connectors are correctly engaged. In some embodiments, as with the
embodiments disclosed elsewhere herein, the projections can be appropriately sized to allow
pairing with only appropriately matched covers.

0189} In some embodiments, as shown in Figures 35-36, the pump comprises
pistons 612, 622 that engage plungers 5127, 522 of the reservoirs. In some embodiments, the
pistons 612, 622 are engaged by lead screws 614, 624 that can urge the pistons 612, 622
forward or backward.

[6196] In some embodiments, the pistons and reservours comprise a single
assembly 630 that can be swapped out of the pump 600 to msert different configurations of
medicaments and reservoirs.

[0191] In certain vanants, an actuator, such as a button or a sensor {eg, a
capacitive touch sensor) is located behind a portion of the display 602 and can be activated
by touching the display in designated locations. In some embodiments, the capacitive touch
sensor sends signals to the pistons individually and aliows the user to control one or more
aspects of the drug delivered from the reservoirs. For instance, in some embodiments, a user
can swipe {or drag) a finger in one direction {(1.e., left, right, down, up, or otherwise) over the
capacitive touch sensor change delivery capabilities.

[6192] In some embodiments, the pump 1s automated so that the PCBs activate
the pistons 612, 622 based on one or more variables (e g., time, patient data, etc ). The pump
600 can also include memory, such as firmware, to store the various user settings, control
schemes, and algorithms, as well certain instructions and/or settings related to various
characteristics of the patient. For example, the memory can imclude mstructions and/or
settings regarding when and how much to dose to the patient, and otherwise. The pump 600
can be configured such that a patient or doctor can modify {(e.g, update, program, or
otherwise} the memory, such as by connecting the pump to a computer {e.g., a smartphone,
laptop, etc) that 15 equipped with software or an “app” that s configured to enable the
computer and/or pump to perform any of the functions, tasks, and/or steps described and/or

illustrated herein.

-37-



WO 2017/007968 PCT/US2016/041395

6193} In certain embodiments, as shown in Figure 35, the pump 600 comprises a
power source 640 (e.g., batteries). In certain variants, the infusion pump 600 1s low profile to
facilitate transport of the infusion pump in a pocket, on a belt, or under clothing. As shown in
Figure 36, flex cables 615, 625 provide mput to the motors 616, 626 of the mfuston pump.
The motors 616, 626 drive gears in gear assemblies 617, 627 and facilitate movement of the
lead screw. The drive access of the motor and the lead screws are each configured to be
parallel to each other and in the same axus as the reservoirs. This gives the infuston pump a
low profile design.

[0194] In some embodiments, collars can be used to avoid mischanneling of
medicaments. For instance, one collar with various features, for example physical and/or
geometric features, can be attached {chpped, glued, etc) onto a vial of a particular
medicament. A second different collar with different features can be attached (clipped, glued,
etc.} onto a second vial of a different particular medicament. In some embodiments, collars
can be configured to interact with only mated pump recesses, inlet connectors, etc. so that
mischanneling 1s avoided. In some embodiments, collars {or other similar objects/implements
that surround a portion of a reservoir, vial, or cartridge) can be added to reservours (eg.,
vials, cartridges, etc.} at a single station at the end of each reservoir fill line. In some
embodiments, collars allow a drug manufacturer to use the same cartridge (ampule, vial, etc.)
for different medicament fill hines. In some embodiments, after coming off of the fill line,
each reservoir could be rendered unique to a particular drug by the addition of a collar, while
using a common cartridge for each medicament. In some embodiments, differently shaped
vials and collars can be used, increasing the varability of possible configurations of
medicament delivery systems that avoid mischanneling. In some embodiments, one or more
collars can be used on a vial to mix and match features, increasing the vanability of
configurations. In some embodiments, the collars are either of a variety that connects to the
head {or crown) of the cartridge or to the neck of the cartridge, to the body of the cartridge,
or to combinations thereof.

[0195] As with other embodiments described herein, in some embodiments,
mated collar components are applicable to multiple-medicament infusion pumps, reusable
pens or syringes or other devices that use pre-filled cartridges and deliver medicaments (such

as long-acting insulin analogs, rapid 1nsulins and rapid nsulin analogs, ultrarapid insulins
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and ultrarapid msulin analogs, 1nsulin and wnsubin analogs of different concentration, etc.). In
some embodiments, the mated features, when added to the cartndge, can engage
corresponding features in the reusable pen or syringe {or pump body, connector inlets, caps,
etc.) allowing for insertion of only the proper cartridge into the corresponding proper
reusable pen or syringe {or pump body, connector nlets, caps, etc.}.

[0196] In some embodiments, a collar {as shown by exemplary embodiments
depicted in Figures 37-36) 1s provided. In certain vanants, the collar is pre-fitted to
medicament reservoirs {cariridges, vials, etc.} and can be attached to or fitted onto the neck
(head or crown) of the reservoir, as shown in Figures 41 and 42. While vanations are
discussed with reference to specific collars, inlet connectors, caps, and pumps below, these
variations are apphicable to any collars, inlet connectors, caps, and pumps disclosed herein.
Portions of different collars disclosed herein can be mixed and matched to provide different
embodiments.

[0197] Figure 37A shows an exploded view of an embodiment of a collar 700,
showing a pre-fitted collar assembly that mserts around the neck of the cartridge. Figure 37
shows an assembled view of the same pre-fitted collar 700 shown n Figure 37A. Figure 37C
shows an inlet {or cap} connector 710 that inserts over the head (or crown) and neck of a
reservoir and engages with the pre-fitted collar assembly shown in Figures 37A-B.

[0198] As shown i Figures 37A-B, in some embodiments, the collar 700
comprises a first collar portion 701 and a second collar portion 702, In some variants, as
shown 1n Figures 37A-B, these portions 701, 702 can be equivalently shaped so that a single
mold can be used to fabricate both portions 701, 702, In some implementations, the portions
are differently shaped and sized. For instance, in some embodiments where the collar is
circular, one portion could make up 75% of the circle and the other 25% {(where another
portion s present). This sizing could facilitate the larger portion of the collar snapping tightly
over the reservoir, securing that portion in place, while the other piece 1s held (or fixed) n
place during, for instance, capping of the collared reservoir. In some embodiments, the collar
is substantiaily circular (or some other shape that fully surrounds a portion of the reservorr)
and can be snapped into place via a single slit in the collar {e.g., a space or cut in the collar).
For instance, a vial neck can be serted through shit compressing the collar which then snaps

back around the vial to its original shape. In some embodiments, the collar is flexible. In
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some embodiments, the collar can be deformed and returns back to its origimal shape. In
some embodiments, the collar is arc shaped (making up 65%, 75%, 85% or more of a cucle)
and can be snapped around the neck. It should be noted that various shapes of collars could
also be used (square, rectangular, triangular, ete.) depending on the shape of the vial or the
shape of the mlet connector. In some embodiments, the collar comprises one, two, three,
four, or more pieces (e.g., portions) that can be assembled to wrap a reservoir. In some
embodiments, different collar portions can be mixed and matched, increasing the variability
of possible configurations of medicament delivery systems that avoid mischanneling.

[0199] In some embodiments, as shown mn Figure 37B, different collar portions
701, 702 can be affixed (welded, glued, etc.) to one another to form a collar having a
reservolr engaging aperture 706, In some embodiments, the collar can be attached
permanently to a medicament reservoir {e.g., a vial, etc.). In certain embodiments, the
medicament reservoir can be reused, being refilled using a bulk reservoir with corresponding
features that match the features of the collar/collar-capping assembly/vial assembly.

[6200] In some embodiments, an adhesive, glue, rubbernizing agent, or other
applicant can be applied to mating surfaces 7057, 7057 of the engaging aperture 706 that
contact the neck (or head, crown, etc.} of the cartridge. In some variants, the pre-fitted collar
adhesive increases friction and reduces or prevents rotation of the pre-fitted collar relative to
the reservoir. In some variants, the mating surfaces of the two-component pre-fitted collars
7057, 705, as shown 1n Figures 37A-B, can be affixed (e.g., bonded, glued, laser welded, or
otherwise attached} as the collar s assembled onto the neck of the cartridge. In some
embodiments, the mating surfaces 7057, 7057 are compressible (sponge, foam, rubber, soft
plastic, ribbed, fabric, etc.) to allow them to compress around a reservoir, focking it in place.

(6201} In certain implementations, the collar 700 comprises one or more form
fitted edges 707 (beveled, squared, etc.) to allow the collar 700 to interact flushly with a
reservoir having a corresponding shape.

6262} In some embodiments, the pre-fitted collar contains one or more features
that extend radially outwardly (teeth, tabs, protrusions, features, etc.} as in Figures 37A-C. In
some embodiments, these protrusions allow coupling only with a corresponding cap
connector {e.g., inlet connector} with corresponding receiving features. In some

embodiments, the corresponding cap connector contains corresponding cavities, grooves,
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kevways, or slots to match with the unique differentiating tabs, protrusions, or features on the
pre-fitted collar (as shown m Figure 37C). In this way, only one type of pre-fitted collar can
mate uniquely with one type of cap connector. In certain variants, the protrusions extend
radially mwardly from a cap connector and engage receiving features located on the collar,

16203} For instance, in certain implementations, the collar 700 comprises one or
more {e.g., 1, 2, 3, 4, 5, or more) collar projections 703 {(projections having an edge, lip,
clips, etc.}). The embodiment of Figure 37A-B comprises two collar projections. In some
embodiments, as shown, these projections extend radially outwardly away from the collar’s
reservolr engaging aperture 706, In some variaots, these collar projections 703 are configured
to mteract with one or more {e.g., 1, 2, 3, 4, 5, or more) coinciding collar projection members
or mates 766 {e.g., an engaging member, lips, edges, clips, cavities comprising the same,
etc.) tocated on an inlet connector 710, As shown i Figures 37A-C, the collar projections
703 can mteract with corresponding collar projection mates 766 of the inlet connector 710, In
some embodiments, the collar projections 703 can engage the collar projection mates 766 to
snap the collar mto place holding the collar 700 and the inlet connector 710 together {(e.g.,
flush to one another). In some variants, the inlet connector 710 has comnciding projection
mates 766 that are mated with each configuration of collar projections 703, In some
embodiments, the collar projection mates 766 act as a capture mechanism that engages a
feature (e.g., collar projections 703} on the pre-fitted collar 700 and/or that engages the collar
700 itself. In some embodiments, the capture mechanism of the mnlet connector 710 can
expand shightly as it is pressed over the pre-fitted collar and then the inlet connector 710
would snap into place, engaging a tab, protrusion, or feature on the pre-fitted collar, or the
bottom edge of the pre-fitted collar, and securely fasten the cap connector to the pre-fitted
collar. The cartridge, pre-fitted collar, and cap connector subassembly could then be fastened
mnto a pump housing unit. In some embodiments, projections and their corresponding mates
are not present.

[6204] In some embodiments, where multiple collar projections 703 are present,
the collar projections 703 can be spaced evenly about the collar 700 so that each collar
projection 1s equidistant from the next. For instance, in an embodiment as shown in Figure
37A-C, where two projections 703 are present, those projections can be positioned opposite

of one another on the collar (180° apart from each other). In some varants of the collars
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disclosed heremn, collar projections can be spaced unevenly about the collar so that some
collar projections are closer and some are farther from adjacent collar projections. In some
embodiments, adjacent collar projections are separated by values independently selected
from about 180°, about 160°, about 140°, about 120°, about 100°, about 90°, about 80°,
about 70°, about 60°, about 50°, about 40°, about 30°, about 20°, about 10°, values between
the aforementioned values or otherwise. In some embodiments, multiple differently shaped
collar projections can be used on a single collar. For instance, in some embodiments, the
coliar projections are polygonal (e.g., triangular shaped, sguared, semi-circular}, shape-and-
stick {e.g., ball-and-stick} etc. This vanability leads to almost unhinuted varability m
collar/inlet connector matings.

[6205] As shown in Figures 37A-C, the two collar guiding elements 704 are
configured to nteract with two corresponding collar guiding elements 765, Tn some vanants,
the collar comprises one or more {e.g., 1, 2, 3, 4, S, or more) collar guiding elements (tabs,
protrusions, etc ). In some embodiments, these collar guiding elements protrude radially from
the collar extending away from the reservoir engaging aperture 706. In some embodiments,
as shown in Figures 37A-C, these collar guiding elements 704 are configured to interact with
one or more {eg, 1, 2, 3, 4, 5, or more} coinciding collar guiding element tracks 765
(cavities, grooves, keyways, slots, apertures, ¢tc.) located on an inlet connector 710. In some
embodiments of the collars disclosed heremn, sumlar to the collar projections above, the
collar guiding elements 704 can be spaced evenly about the collar 700 so that each collar
guiding element 704 is equidistant from the next. For instance, in the embodiment shown in
Figure 37A-C, two collar guiding elements 704 are present and are positioned opposite of
one another on the collar 700 (about 180° apart from each other). In some varants of the
collars disclosed herein, the collar guiding elements 704 can be spaced unevenly about the
collar so that some projections are closer and some are farther. In some embodiments of the
collars disclosed herein, adjacent collar guiding elements are separated apart by values
mdependently selected from about 180°, about 160°, about 140°, about 1207, about 100°,
about 90°, about 80°, about 70°, about 60°, about 50°, about 40°, about 30°, about 20°, about
10°, values between the aforementioned values or otherwise. In some embodiments, multiple
differently shaped guiding elements can be used on a single collar. For mstance, in some

embodiments, the guiding elements are polygonal (e.g, triangularly-shaped, squared, semi-
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circular), shape-and-stick (e.g., ball-and-stick}. This design can lead to multiple
configurations of collars with almost unhinuted varnability, In some varnants, the inlet
connector 710 has coinciding collar guiding element tracks 765 (grooves, cavities, slots, key
holes, etc.} that are mated with each configuration of collar guiding elements 704, In some
embodiments, these tracks guide only properly matched collars mto place on the wmlet
connector. In some embodiments, guiding elements and their corresponding mated tracks are
not present.

[6206] In certain vanants, the collar projections 703 {or inlet connector
projections as the case may be) are at least as small or smaller than the collar guiding
elements 704 {or inlet connector guiding elemenis as the case may be). In various
embodiments, the collar projections 703 (or inlet connector projections as the case may be)
are at least as large or larger than the collar guiding elements 704 {or mlet connector guiding
elements as the case may be). In some embodiments, the ratio of the size of the collar
projections to the collar guiding elements is about 1:10, about 1:5, about 1:2, about 1:1,
about 2:1, about 5:1, or about 10:1, values between the aforementioned values or otherwise.

[6267] In some embodiments, when engaged with a cartridge, the collar 700 and
the inlet connector 710 couple to one another without axial rotation of either the collared
reservoir or the inlet connector 710. In some embodiments, as with other embodiments of
coliars and connectors disclosed herein, the collar {e.g., the collared cartridge) and the inlet
connector are configured to directly couple and snap together in a linear direction during
coupling.

[62038] In some embodiments, as shown m Figures 37A-C, simular in some
aspects to embodiments described above, the inlet connector 710 can comprise a pairing
projection 712. This pairing projection 712 15 discussed in more detail elsewhere herein and
can fit into an mlet connector cover {not shown).

[0209] In some embodiments, as shown in Figures 37A-C, similar in some
aspects to embodiments described above, the inlet connector 710 can comprise one or more
guiding elements 718 (tabs, protrusions, or features). In some embodiments, similar to the
collar projections above, the guiding elements 718 can be spaced evenly about the inlet
connector 710 so that each guiding element 718 is equidistant from the next. In some

variants, the ginding elements 718 can be spaced unevenly about the collar so that some
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projections are closer and some are farther. In some embodiments, adjacent guiding elements
are separated by values independently selected from about 180°, about 160° about 140°,
about 120°, about 100°, about 90°, about 80°, about 70°, about 60°, about 50°, about 40°,
about 30°, about 20°, about 10°, values between the aforementioned values or otherwise. In
some embodiments, the guiding elements can facilitate placement 1, for example, a specific
aperture i an infusion pump (eg., the infusion pump housing) by interacting with a
corresponding feature {(e.g., aperture, cavity, etc.) within the pump body, while discouraging
{or preventing) insertion into an incorrect aperture. In some embodiments, guiding elements
and thewr corresponding mates are not present. In some embodiments, the cap comprises a
piercing element 316 that can be heat staked (or otherwise affixed, glued, welded, etc) m
place.

(6210} In some embodiments, the cap connector’s (1.e,, nlet connector’s) guiding
elements allow insertion nto an infusion chamber, drive shaft, or pump chamber of a pump
housing unit that contains corresponding cavities, grooves, keyways, or slots to match with
the unique differentiating tabs, protrusions, or features on the cap connector. In this way,
only one type of cap connector can be mserted uniquely into one particular infusion chamber,
drive shaft, or pump chamber. Alternatively, the inlet connector might contain cavities,
grooves, keyways, or slots {(not shown) that uniquely mate with one or more tabs,
protrusions, or features in the nfusion chamber, drive shaft, or pump chamber of a pump
housing unit.

6211} In certain variants, the gwiding elements 718 are at least as small or
smaller than the collar projections 703, or collar gwding elements 704, In various
embodiments, the guiding elements 718 are at least as large as or larger than the collar
projections 703 or collar guiding elements 704, In some embodiments, the ratio of the size of
the guiding elements to the collar projections 1s about 1:10, about 1.5, about 1:2, about 1:1,
about 2:1, about 5.1, or about 10:1, values between the aforementioned values or otherwise.
In some embodiments, the ratio of the size of the guiding elements to the collar guiding
elements is about 1:10, about 1:5, about 1.2, about 1:1, about 2:1, about 5:1, or about 10:1,
values between the aforementioned values or otherwise.

[6212] In certain variants, the inlet connector 710 comprises one or more (2, 3, 4,

S, or more)} inlet connector spacers 736 (e.g., relief slits, cavities, etc.). As shown, the two
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relief slits 736 of the inlet connector 710 of Figure 37C are 180° apart. In some variants,
where multiple relief slits are present, the relief slits can be spaced unevenly about the collar
so that some projections are closer and some are farther. In some embodiments, adjacent
relief shits are separated by values independently selected from about 180°, about 160°, about
140°, about 120°, about 100°, about 90°, about 30°, about 70°, about 60°, about 50°, about
40° about 30°, about 20°, about 10°, values between the aforementioned values or otherwise.
In some embodiments, this inlet connector spacer 736 allows the inlet connector 710 to be
compressed as it inserts into a pump housing or expanded as it 15 shid over a collar/reservoir
assemibly. This can allow snap tight fitting into a pump housing or with a collar/reservoir
assembly that comprises mated features. For instance, in some embodiments, once inserted
all the way mto the housing, the inlet connector spacers can re-expand, allowing the
geometric features of the inlet connector 710 to interact with mated apertures or features of
the pump housing. This feature, among others described herein, can allow the reservoir to be
held in an appropriate position, with little movement, within the pump housing. In some
embodiments, a single-component pre-fitted collar 700, such as the ones shown in Figures
37A-C, has relief shts 736 which allow the mlet connector to be pressed over the head (or
crown) of the cartridge, and a locking mechanism, that snaps into place as it engages with the
underside of the head (or crown) of the cartridge.

[6213] Another embodiment of a collar 1s shown in Figures 38A-C. The collar
800 can resemble or be identical to the above described collar 700 1 many ways, vet can
differ in certain respects. Some of the similarities and differences are discussed below.

(6214} As shown mn Figures 38A-B, the collar 800 comprises a first portion 801
and a second portion 802. These portions 801, 8§02 are equivalent to one another and can be
fabricated using a single mold. In some implementations, as discussed above, the portions are
differently shaped and sized. Figure 38A shows an exploded view of an embodiment of a
collar 800, showing a pre-fitted collar assembly that mserts around the neck of the cartridge.
Figure 388 shows an assembled view of the same pre-fitted collar 800 shown in Figure 38A.
Figure 38C shows an inlet {or cap) connector 810 that inserts over the head {or crown) and
neck of a reservoir and engages with the pre-fitted collar assembly shown in Figures 38A-B.
Throughout this disclosure, simlar features for separate embodiments of a device component

{e.g.. collars, mnlet connectors, inlet connector covers, etc.) can comprise one or more
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comciding features offset numerically by a factors of 100 but having the same tens numernical
value. For example, features of collar 800 and collar 900 that coincide to similar features of
coliar 700 will be offset by a 100 and 200, respectively {e g., feature 703/803/903; feature
704/804/904, etc.).

(0215} In some embodiments, as shown in Figure 38B, these portions 801, 802
can be affixed (welded, glued, etc) to one another to form a collar having a reservoir
engaging aperture 800 that can permanently hold a medicament reservoir {e.g., a vial, etc}).
In some embodiments, an adhesive, glue, rubberizing agent, or other applicant can be applied
to one or both of the mating surfaces 805°, 8057 of the engaging aperture 806 between the
neck of the cartridge and the pre-fitted collar to increase friction and reduce or prevent
rotation of the pre-fitted collar relative to the neck of the reservoir. In some vanants, as
discussed above, the mating surfaces of the two-component pre-fitted collars 805, 803, as
shown m Figures 38A-B, can be bonded, glued, laser welded, or otherwise attached as the
collar 15 assembled onto the neck of the cartridge. In some embodiments, the mating surfaces
8057, 805" are compressible (sponge, foam, rubber, soft plastic, ribbed, fabric, etc.) to allow
them to compress around a reservoir, locking it in place. In certain 1raplementations, the
coliar 800 comprises one or more form fitted edges 807 (beveled, fitted, etc.} to allow the
collar 800 to mteract flushly with a reservorr.

(6216} As shown in Figures 38A-(, the pre-fitted collar contains one or more
tabs, protrusions, features, which allow coupling only with the corresponding cap connector
810 (e.g., inlet connector) and the corresponding cap connector comprises cavities, grooves,
keyways, or slots that match the unique differentiating tabs, protrusions, or features on the
pre-fitted collar. As shown n Figure 38A-B, the collar 800 comprises two collar projections
803 (projections having an edge, lip, etc.). As shown in Figure 38A-C, the collar projections
803 (one or more)} can be bisected by the separation of the collar pieces 801, 802, In some
variants, these collar projections 803 interact with the comciding collar projection mates 866
(lips, edges, clips, etc.) located on an inlet connector 810, as shown in Figures 38A-C. In
some embodiments, the collar projections 803 engage the collar projection mates 866 to snap
the collar into place holding the collar 800 and the inlet connector 810 flush to one another.
In some variants, the inlet connector 810 has comaiding projection mates 866 that are mated

with each configuration of collar projections 803. In some embodiments, the collar projection
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mates 860 act as a cap a capture mechamsm that engages a feature {e.g., collar projections
803) on the pre-fitted collar 800 and/or that engages the collar 800 iself In some
embodiments, the collars are erther of the variety that connects to the head {or crown) of the
cartridge or to the neck of the cartridge. In some embodiments, the capture mechanism of the
mlet connector 810 can expand shghtly as 1t 1s pressed over the pre-fitted collar and then the
mlet connector 810 can snap nto place, engaging a tab, protrusion, or feature on the pre-
fitted collar, or the bottom edge of the pre-fitted collar, and securely fasten the cap connector
to the pre-fitted collar. The cariridge, pre-fitted collar, and cap connector subassembly could
then be fastened into a pump housing unit.

(6217} in some embodiments, as shown i Figures 38A-B, the collar 800
comprises two collar projections 803 that are positioned opposite of one another on the collar
{(180° apart from each other}. In some variants, as shown n Figures 38A-B, the collar 800
comprises two collar guiding elements 804 (tabs, protrusions, etc.). As shown, these collar
guiding elements 804 are configured to interact two coinciding collar guiding element tracks
865 (cavities, grooves, kevways, slots, apertures, etc.) located on the corresponding inlet
connector 810 shown in Figure 38C. As shown m Figure 38A-B, where two collar guiding
elements 804 are present, those gmding elements can be positioned apart by about 120° from
each other {or by about 240° traveling around the longer portion of the perimeter of the collar
800). As shown in Figure 38C, the mlet connector 810 has coinciding collar guiding element
tracks 8635 that are mated with each configuration of collar guiding elements 804,

[6218] In some embodiments, as shown in Figures 38A-C, similar in some
aspects to embodiments described above, the inlet connector 810 comprises a pairing
projection 812, This pairing projection 812 15 discussed in more detail elsewhere herein.

(6219} In some embodiments, as shown in Figures 38A-C, similar in some
aspects to embodiments described above, the mlet connector 810 comprises three guiding
elements 818 (tabs, protrusions, or features; where one 1s not shown). The guiding elements
818 can be spaced unevenly about the collar (as shown with a 120°/240° positioning in
Figure 48C). In some embodiments, as discussed above, the guding elements facilitate
placement 1n, for example, a specific aperture 1 an infusion pump {e.g., the mfusion pump
housing), while discouraging (or preventing) msertion into an incorrect aperture. In some

embodiments, the cap connector’s {te., nlet connector’s) guiding elements would allow
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msertion into an mnfusion chamber, drive shaft, or pump chamber of a pump housing unit that
contains corresponding cavities, grooves, keyways, or slots to match with the unique
differentiating tabs, protrusions, or features on the cap connector.

[622¢] In certain variants, the inlet connector 810, as shown, comprises two inlet
connector spacers 836 {e.g., relief slits) separated by 180° In some embodiments, this inlet
connector spacer 836 allows the mlet connector 810 to be compressed or expanded. These
relief shits can be spaced about the connector in the same fashion as the guiding elements. As
with the embodiment described i Figures 37C, the shits can allow snap tight fitting nto a
pump housing that comprises mated features. This feature, among others described heren,
can allow the reservoir to be held in an appropriate position, with little movement, within the
pump housing. In some embodiments, a single-component pre-fitted collar 800, such as the
ones shown n Figures 38A-C, has relief slits 836 which allow the inlet connector to be
pressed over the head (or crown) of the cartridge, and a locking mechanism, that snaps into
place as it engages with the underside of the head {or crown) of the cartridge.

[0221] Another embodiment of a collar 15 shown 1n Figures 39A-C. The collar
900 15 simular to the above described collar 700 except that 1t has a relief with fillet 908 and
an opening 909 away from the fillet as opposed to being two distinct pieces. Given these
simtlarities, in some embodiments, this assembly could it into the same pump housings as
would the embodiment of Figures 37A-C. Figure 39A shows an open view of an embodiment
of a collar 900, showing a pre-fitted collar assembly that inserts around the neck of the
cartridge. Figure 39B shows a closed view of the same pre-fitted collar 900 shown in Figure
39A. Figure 39C shows an inlet {or cap) connector 910 that inserts over the head {or crown)
and neck of a reservour and engages with the pre-fitted collar assembly shown in Figures
39A-B.

[6222] In some embodiments, the collar can automatically close around a
reservoir by virtue of the elasticity of the collar 900, In some embodiments, a hinge, joint, or
other swiveling mechanism can be used instead of the fillet 908, with the goal of having a
closable (and, in some embodiments, an openable collar) in mund. In some embodiments, the
collar 900 comprises surfaces 901, 902 that come mto contact with one another when the
collar 900 15 1 the closed position. In some embodiments, these surfaces 901, 902 can be

affixed {welded, glued, etc.) to one anocther to form a collar having a reservoir engaging
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aperture 906 that can permanently hold a medicament reservoir {e.g., a vial, etc.}. In some
embodiments, an adhesive, glue, rubberizing agent, or other applicant can be applied to the
mating surface 905 of the engaging aperture 906 between the neck of the cartridge and the
pre-fitted collar 900 to increase friction and reduce or prevent rotation of the pre-fitted collar
900 relative to the neck of the reservowr. In some varants, as discussed above, the mating
surface 905 can be bonded, glued, laser welded, or otherwise attached as the collar s
assembled onto the neck of the cartridge. In some embodiments, the mating surface 905 1g
compressible (sponge, foam, rubber, soft plastic, ribbed, fabric, etc) to allow them to
compress around a reservoir, locking it 1o place. In certamn mplementations, the collar 900
comprises one or more form fitted edges (beveled, fitted, etc.; not shown) to allow the collar
900 to mteract flushly with a reservoir.

[6223] In some embodiments, the pre-fitted collar contains one or more tabs,
protrusions, features, as in Figures 39A-C, which allow coupling only with the corresponding
cap connector {e.g., inlet connector), and the corresponding cap connector contains
corresponding cavities, grooves, keyways, or slots to match with the unique differentiating
tabs, protrusions, or features on the pre-fitted collar. In this way, only one type of pre-fitted
collar can mate umiquely with one type of cap connector. For mstance, the collar 900
comprises two collar projections 903 (projections having an edge, lip, etc.). In some variants,
these collar projections 903 are configured to interact with two comnciding collar projection
mates 966 (lips, edges, clips, etc.) located on an inlet connector 910, as shown in Figures
39A-C. In some embodiments, the collar projections 903 engage the collar projection mates
966 to snap the collar into place holding the collar 900 and the inlet connector 910 flush to
one another. Tn some vanants, the inlet connector 910 has coinciding projection mates 966
that are mated with each configuration of collar projections 903. In some embodiments, the
collar projection mates 966 act as a cap a capture mechanism that engages a feature (e.g.,
collar projections 903} on the pre-fitted collar 900 and/or that engages the coliar 900 tself In
some embodiments, the collars are either of the variety that connect to the head (or crown) of
the cartridge or to the neck of the cartridge. In some embodiments, the capture mechanism of
the mlet connector 910 can expand slightly as it is pressed over the pre-fitted collar and then
the inlet connector 910 can snap mnto place, engaging a tab, protrusion, or feature on the pre-

fitted collar, or the bottom edge of the pre-fitted collar, and securely fasten the cap convector
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o the pre-fitted collar. The cartridge, pre-fitted collar, and cap connector subassembly could
then be fastened into a pump housing unit.

[0224] As shown in Figure 39A-C, where two projections 903 are present, those
projections can be positioned opposite of one another on the collar {180° apart from each
other). In some variants, as shown in Figures 39A-B, the collar 900 comprises two collar
guiding elements 904 (tabs, protrusions, etc) configured to interact with two coinciding

collar guiding element tracks 965 {cavities, grooves, keyways, slots, apertures, etc.) located

on the mlet connector 910. These collar guiding elements are located about 180° apart on the
collar. In some variants, the inlet connector 910 has comnciding collar guiding element tracks
965 that are mated with each configuration of collar guiding elements 904,

[6225] In some embodiments, as shown m Figures 3%9A-C, simular in some
aspects to embodiments described above, the inlet connector 910 comprises a pairing
projection 912,

6226} In some embodiments, as shown m Figures 3%9A-C, simular in some
aspects to embodiments described above, the inlet connector 910 can comprises guiding
elements 918 {(tabs, protrusions, or features} spaced 180° apart. In some embodiments, the
guiding elements can facilitate placement m, for example, a specific aperture in an infusion
purnp {e.g., the infusion pump housing), while discouraging {(or preventing) insertion into an
meorrect aperture. In some embodiments, the cap connector’s (1.e., inlet connector’s) guiding
elements would allow msertion into an mfusion chamber, drive shaft, or pump chamber of a
pump housing unit that contains corresponding cavities, grooves, keyways, or slots to maich
with the unique differentiating tabs, protrusions, or features on the cap connector.

(02271 In certain varnants, as shown in Figure 39C, the inlet connector 210
comprises two inlet connector spacers 936 {e.g., relief slits). In some embodiments, this inlet
connector spacer 936 allows the mnlet connector 910 to be compressed as it mserts o a
purnp housing. These relief shits can be spaced about the connector in the same fashion as the
guiding elements. As with the embodiment described in Figures 37C, the slits can allow snap
tight fitting into a pump housing that comprises mated features.

[0228] Another embodiment of a collar 1000 and its inlet connector 1010 1
shown in Figures 40A-C. The collar 1000 1s similar to the above described collars in many

ways, vet can differ m certain respects. Some of the sinularities and differences are discussed
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below. As shown in Figures 40A-B, the collar 1000 has a fillet 1008 and an opeming 1009
away from the fillet 1008 as opposed to being two distinet pieces (for instance, collar 800°s
portions 801, 802). In some embodiments, this embodiment is substantially similar to that
shown i Figures 38A-C except for the unitary collar that comprises a fillet. Given these
similarities, 1 some embodiments, this assembly could fit into the same pump housings as
would the embodiment of Figures 38A-C. Figure 40A shows an open view of the collar
1000, showing a pre-fitted collar assembly that inserts around the neck of the cartridge.
Figure 40B shows a closed view of the same pre-fitted collar 1000 shown in Figure 40A.
Figure 40C shows an 1nlet {or cap} connector 1010 that inserts over the head {(or crown} and
neck of a reservoir and engages with the pre-fitted collar assembly shown in Figures 40A-B.

[0229] In some embodiments, the filleted collar can automatically close around a
reservoir by virtue of the elasticity of the collar 1000, In some embodiments, a hinge, joint,
or other swiveling mechanism can be used mstead of the fillet 1008, with the goal of having
a closable {and, in some embodiments, an openable collar) in mind. In some embodiments,
the collar 1000 comprises surfaces 1001, 1002 that come into contact with one another when
the collar 1000 s 1n the closed position. In some embodiments, these surfaces 1001, 1002
can be affixed (welded, glued, etc) to one another to form a collar having a reservoir
engaging aperture 1006 that can permanently hold a medicament reservoir {g.g., a vial, etc ).
In some embodiments, an adhesive, glue, rubberizing agent, or other applicant can be applied
to the mating surface 1005 of the engaging aperture 1006 between the neck of the cartridge
and the pre-fitted collar 1000 to increase friction and reduce or prevent rotation of the pre-
fitted collar 1000 relative to the neck of the reservoir. In some variants, as discussed above,
the mating surface 1005 can be bonded, glued, laser welded, or otherwise attached as the
collar 15 assembled onto the neck of the cartridge. In some emboduments, the mating surface
1005 1s compressible (sponge, foam, rubber, soft plastic, ribbed, fabric, etc ) to allow them to
compress around a reservoir, locking it in place. In certain mmplementations, the collar 1000
comprises one or more form fitted edges (beveled, fitted, etc.; not shown) to allow the collar
1000 to interact flushly with a reservorr.

16236} In some embodiments, the pre-fitted collar contains one or more tabs,
protrusions, features, as shown n Figures 40A-C, which allow coupling only with the

corresponding cap connector 1010 (eg., inlet connector), and the corresponding cap
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connector would contain corresponding cavities, grooves, keyways, or slots to match with
the umque differentiating tabs, protrusions, or features on the pre-fitted collar.

(6231} For instance, in certain implementations, as shown, the collar 1000
comprises two collar projections 1003 (projections having an edge, lip, etc ) In some
variants, these collar projections 1003 are configured to interact with one or more coinciding
collar projection mates 1066 (lips, edges, clips, etc.) located on an inlet connector 1010, as
shown i Figures 40A-C {where only one 15 visible}. In some embodiments, the collar
projections 1003 engage the collar projection mates 1066 to snap the collar into place
holding the collar 1000 and the nlet connector 1010 flush to one another. In some variants,
the nlet connector 1010 has coinciding projection mates 1066 that are mated with each
configuration of collar projections 1003, In some embodiments, the collar projection mates
1066 act as a cap a capture mechanism that engages a feature {e.g., collar projections 1003)
on the pre-fitted collar 1000 and/or that engages the collar 1000 itself. In some embodiments,
the collars are either of the variety that connect to the head (or crown} of the cartridge or to
the neck of the cartridge. In some embodiments, the capture mechanism of the inlet
connector 1010 can expand slightly as it 1s pressed over the pre-fitted collar and then the
mnlet connector 1010 can snap into place, engaging a tab, protrusion, or feature on the pre-
fitted collar, or the bottom edge of the pre-fitted collar, and securely fasten the cap connector
to the pre-fitted collar. The cartridge, pre-fitted collar, and cap connector subassembly could
then be fastened into a pump housing unit.

6232} In some embodiments, as shown, the collar projections 1003 are evenly
spaced about the collar 1000 (at about 180° apart). In some variants, as shown 1n Figures
40A-B, the collar 1000 comprises two collar guiding elements 1004 (tabs, protrusions, etc.)
configured to interact with one or more comnciding collar guiding element tracks 1065
{cavities, grooves, keyways, slots, apertures, etc.} located on an inlet connector 1010, As
shown in Figure 40B, the collar guiding elements are 1209 apart with one being bisected by
the opening 1009, In some variants, as shown, the inlet connector 1010 has coinciding collar
guiding element tracks 1065 that are mated with each configuration of collar guiding

elements 1004,
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[6233] In some embodiments, as shown in Figures 40A-C, similar 1o some
aspects to embodiments described above, the inlet connector 1010 can comprise a pairing
projection 1012,

[6234] In some embodiments, as shown in Figures 40A-C, the inlet connector
1010 can comprise one or more guiding elements 1018 (tabs, protrusions, or features). For
mstance, as shown in Figure 40C, the three guiding elements 1018 are 120° apart with one
being hidden from view. In some embodiments, the guiding elements facilitate placement i,
for example, a specific aperture in an infusion purmp {(e.g., the infusion purop housing), while
discouraging (or preventing) insertion into an incorrect aperture. In some embodiments, the
cap connector's {i.e, inlet connector’s) guiding elements would allow insertion into an
mfusion chamber, drive shaft, or pump chamber of a pump housing unit that contans
corresponding cavities, grooves, keyways, or slots to match with the unique differentiating
tabs, protrusions, or features on the cap connector.

[8235] In certamn variants, as shown in Figure 40C, the wnlet connector 1010
comprises two inlet connector spacers 1036 (e.g., relief shits) that are about 180° apart. In
some embodiments, this inlet connector spacer 1036 allows the inlet connector 1010 to be
compressed as it inserts into a pump housing or expanded as a reservoir and cap is inserted
mto it. These relief shits can be spaced about the connector in the same fashion as the guiding
elements. The slits can allow snap tight fitting into a pump housing that comprises mated
features.

[0236] Figures 41 A-C show six separate components: the cartridge 510, the collar
700 of Figure 37A-B (which, in some embodiments, inserts around the neck of the cartridge
and contains unique differentiating tabs, keys, or protrusions as well as features that allow
engagement with and locking with the cap connector), the inlet connector 710 {e.g., cap
connector; which, 1n some embodiments, contains corresponding cavities, grooves, keyways,
or slots to match with the unique differentiating tabs, protrusions, or features on the pre-fitted
collar and a capture mechanism to lock with the features on the pre-fitted collar), inlet
connector cover 730 {eg., secondary cap, threaded coaxial cap, etc; that, in some
embodiments, can shide up and down the tubing, and that fits over the cap connector and
threads into the pump housing), the needle 316 (which, in some embodiments, is

overmolded, bonded, press-fitted, glued, solvent bonded, insert molded, or otherwise
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attached to the cap connector}, and tubing 310 (that, in some embodiments, 13 overmolded,
bonded, press-fitted, glued, solvent bonded, insert molded, or otherwise attached to both the
cap connector,). While Figures 41A-C show the interaction between the embodiment of
Figures 37A-C with various other components, i should be understood that this 1s only an
example configuration and other collar/inlet connector systems besides the one shown mn

givenn the similar features of the

R =

Figures 37A-C could be used instead. For example
embodiment described in Figures 39A-C, it could be used with the components of Figures
41A-C. As shown in Figures 41 A-C and as described with respect to other embodiments
herein, 1n some embodiments, the first channel 310 comprises a first piercing element 316
{e.g., a needle, cannula, etc.) configured to msert into a first medicament reservoir 510 that
couples to the inlet connector 710. In some embodiments, the needle 316 pierces a reservoir
septum 514 located within an mternal reservoir cover 750 on the medicament reservoir 510
by insertion through the pairing projection 712, In some embodiments, as shown, the first
reservoir 510 has a first plunger 512 adapted to be depressed by a piston of an infusion
pump. In some embodiments, the needle 15 overmolded, bonded, press-fitied, glued, solvent
bonded, nsert molded, or otherwise attached to the inside of the inlet connector 710. In some
embodiments, the hollow needle is recessed within the cap connector so as to be touch-proof.
In this embodiment, the needle of Figure 41C has pierced the septum 514 over the reservoir
510.

[0237] In some embodiments, as shown in Figures 41A-C and as described with
respect to other embodiments herein, an inlet connector cover 730 (e.g., secondary cap, etc.)
can be configured to interact with the inlet connector 710 via the pairing projection 712, In
certain embodiments, the patring projection is ribbed or threaded to allow snap or screw
fitting to the inlet connector cover 730. In some embodiments the pairing projection does not
snap or screw nto the inlet connector cover 730 and 1s instead smooth. In certain variants,
the cover 730 is molded and permanently attached to a fhud conduit 310 In some
embodiments, tubing 310 15 overmolded, bonded, press-fitted, glued, solvent bonded, insert
molded, or otherwise attached to the cap connector and to the hollow needle 1n such a way as
to allow a patent and continuous fluid path through the hollow needle, the cap connector, and
the tubing. In some embodiments, the cover 730 and the flind condwt 310 are reversibly

attachable.
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6238} In some embodiments, as shown in Figure 418, the inlet connector cover
730 13 freely movable along the fluid conduit 310, In some embodiments, a needle 316 1s
molded to the pairing projection 712 and fixed there. In some embodiments, the inlet
connector cover 730 13 heat staked to the inlet connector 710 via the pairing projection 712,
In some embodiments, the fluid conduit 15 able to freely rotate within the first inlet connector
and cover, which, as discussed above, helps avoid kinking of the fluid conduit. In certain
variants, the inlet connector cover 730 and the inlet connector are separated by a
compressible O-ring. This O-ring allows the cover and connector to be tightly coupled to seal
them together. In some embodiments, a compressible O-ring (similar to that described above
as 415} resides around the first inlet connector cover (sinular to that described above as 430}
threads to facilitate tight connection to the fusion pump via the external threads.

[0239] In certain vanants, the cover 730 comprises external engagement
implements 734 (e g., external threads, ribbing, etc.) configured to interact with and engage
mated receptacles on an infusion pump housing. These threadings can be configured to only
mteract with corresponding threads of a housing. In some embodiments, the cover 730
comprises a pairing aperture 732 configured to engage with the pairing projection 712, In
some embodiments, the cover 730 comprises a pairing aperture 732 that is configured to not
engage with a non-mated pairing projection.

62401 As shown in Figures 41A-C, in certain mmplementations, the inlet
connector 710 1is configured to interact with the medicament reservoir 510. In some
embodiments, to be inserted properly within the inlet connector 710, the reservoir must be
fitted with a collar 700, In some emboduments, as described above, the projections of the
collar can be configured to only interact with an appropriate inlet connector 710. In some
embodiments, collars can be matched to specific size and diameter reservoirs. In some
embodiments, the collars for these different reservoirs can interact with only certamn
reservoirs, thereby minimizing chances of nuschanneling. In other embodiments, reservoirs
that are the same can be used and mischanneling can be prevented by the selection of an
appropriate collar. In some embodiments, the collars can be color coded to match reservos,
mlets, and other components of the system to further prevent and/or discourage

mischanneling.
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[0241] Figures 42A-C show six separate components that are different from those
of Figures 41A-C and that are used in conjunction with the system of Figures 41A-C to
provide a drug delivery pump system that avoids mischanneling.

[6242] The components of the embodiment of Figures 42A-C include: the
cartridge 520, the collar 800 of Figure 38A-B (which, in some embodiments, inserts around
the neck of the cartridge and contains unique differentiating tabs, keys, or protrusions as well
as features that allow engagement with and locking with the cap connector), the inlet
connector 810 (e.g., cap connector; which, in some embodiments, contains corresponding
cavities, grooves, keyvways, or slots to match with the unique differentiating tabs, protrusions,
or features on the pre-fitted collar and a capture mechanism to lock with the features on the
pre-fitted collar}, inlet connector cover 830 {e.g., secondary cap, threaded coaxial cap, etc.;
that, in some embodiments, can shide up and down the tubing, and that fits over the cap
connector and threads mto the pump housing), the needle 326 (which, in some embodiments,
is overmolded, bonded, press-fitted, glued, solvent bonded, insert molded, or otherwise
attached to the cap connector}, and tubing 320 (that, in some embodiments, 13 overmolded,
bonded, press-fitted, glued, solvent bonded, insert molded, or otherwise attached to both the
cap connector,). While Figures 42A-C show the interaction between the embodiment of
Figures 38A-C with various other components, i should be understood that this 1s only an
example configuration and other collar/imlet connector systems besides that shown i Figures
38A-C could be used instead. For example, given the similar features of the embodiment
described in Figures 40A-C, it could be used with the components of Figures 42A-C. As
shown 1 Figures 42A-C and as described with respect to other embodiments herein, in some
embodiments, the second channel 320 comprises a second piercing element 326 {(eg., a
needle, cannula, etc) configured to insert into a second medicament reservoir 520 that
couples to the inlet connector 810. In some embodiments, the needle 326 pierces a reservoir
septum 3524 located within an mternal reservoir cover 850 on the medicament reservoir 520
by insertion through the pairing projection 812, In some emnbodiments, the second reservorr
520 has a second plunger 522 adapted to be depressed by a piston of an infusion pump. In
some embodiments, the needle is overmolded, bonded, press-fitted, glued, solvent bonded,

msert molded, or otherwise attached to the mside of the inlet connector 810, In some
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embodiments, the hollow needle 1s recessed within the cap connector so as to be touch-proof.
In this embodiment, the needle of Figure 42C has pierced the septum over the reservoir 520,

[0243] In some embodiments, as shown in Figures 42A-C and as described with
respect to other embodiments herein, an inlet connector cover 830 {e.g., secondary cap, etc.)
can be configured to interact with the inlet connector 810 via the pairing projection 812, In
certain variants, the cover 830 is molded and permanently attached to a fluid conduit 320, In
some embodiments, tubing 320 can be overmolded, bonded, press-fitted, glued, solvent
bonded, insert molded, or otherwise attached to the cap connector and to the hollow needle
such a way as to allow a patent and continuous fluid path through the hollow needle, the cap
connector, and the tubing. In some embodiments, the cover 830 and the fluid conduit 320 are
reversibly attachable. In some embodiments, as shown in Figure 42B, the inlet connector
cover 830 1s freely movable along the fluid conduit 320 In some embodiments, a needle 326
15 molded to the pairing projection 812 and fixed there. In some embodiments, the inlet
connector cover 830 is heat staked to the inlet connector 810 via the pairing projection 812,
In some embodiments, the fhud conduit is able to freely rotate within the inlet connector and
cover, which, as discussed above, helps avoid kinking of the fluid conduit. In certamn
variants, the inlet connector cover 830 and the inlet connector are separated by a
compressible O-ring. This O-ring allows the cover and connector o be tightly coupled to seal
them together. In some embodiments, a compressible G-ring (similar to that described above
as 415) resides around the first inlet connector cover (similar to that described above as 430)
threads to facilitate tight connection to the fusion pump via the external threads.

[6244] In certain variants, the cover B30 comprises external engagement
implements 834 (e.g, external threads, ribbing, etc.) configured to specifically interact with
and engage only mated receptacles on an infusion pump housing. In some embodiments, the
cover 830 comprises a pairing aperture 832 configured to engage with the pairing projection
812. In some embodiments, the cover 830 comprises a pairing aperture 832 that is configured
to not engage with a non~mated pairing projection.

[6245] As shown in Figures 42A-C, in certain implementations, the inlet
connector 810 15 configured to interact with the medicament reservoir 520, In some
embodiments, to be inserted properly within the nlet connector 810, the reservoir must be

fitted with a collar 800. In some embodiments, as described above, the projections of the
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collar can be configured to only interact with an appropriate mlet connector 810, In some
embodiments, collars can be matched to specific size and diameter reservoirs. In some
embodiments, the collars for these different reservoirs can interact with only certain
reservoirs, thereby minimizing chances of muschanneling. In other embodiments, reservoiurs
that are the same can be used and mischanneling can be prevented by the selection of an
appropriate collar. In some embodiments, the collars can be color coded to match reservoirs,
inlets, and other components of the system to further prevent and/or discourage
mischanneling.

[0246] Figures 43A-B show a base of a dual-medicament pump housing 630 with
the cartridge, cap connector, tubing, and threaded coaxial cap assembly partially loaded nto
each of the two infusion chambers, drive shafts, or pump chambers (Figure 43A) or fully
loaded (Figure 43B). The three keyways or features on the left drive-shaft chamber of the
pump housing are oriented at 120 degrees apart and the two keyways or features on the right
driveshatt chamber of the pump housing are oriented at 180 degrees apart. The three external
tabs 818 or protrusions on the cap connector on the left are oriented at 120 degrees apart and
match the corresponding cavities, grooves, kevways, or slots on the left infusion chamber,
drive shaft, or pump chamber of the pump housing, and the external tabs 718 | protrusions, or
features on the cap connector on the right are oriented at 180 degrees apart and match the
corresponding cavities, grooves, kKeyways, or slots on the right mfusion chamber, drive shaft,
or pump chamber of the pump housing. In some embodiments, as shown, the threaded
coaxial caps are free to slide along the tubing. Once each cartridge, cap connector, tubing,
and threaded coaxial cap assembly are fully inserted, the threaded coaxial cap can slide down
the tubing and screw into the threads 1n the pump housing, as in 43B. The cartridge, cap
connector, tubing, and threaded coaxial cap assemblies shown here are the same components
as are shown 1n Figures 41 A-42C.

[6247] As shown in Figures 43A-B, in some embodiments, the first flud conduit
310 (e.g., tubing) passes through a threaded coaxial cap {e.g., an inlet connector cover 730)
that can slide up and down the tubing and thread into a pump housing unit {e.g., a pump body
630). In some embodiments, the second fluid conduit 320 (e.g., tubing} passes through a
threaded coaxial cap {(e.g., an inlet connector cover 830) that can shde up and down the

tubing and thread into a purmp housing unit {(e.g., a pump body 630} In some embodiments,
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the fully assembled cartridge, cap, and tubing system {consisting of a cartridge with pre-
fitted collar assernbly engaged with the connected subassembly, consisting of the cap
connector with capture mechanism, hollow needle, tubing, and threaded coaxial cap, as
shown in 43A-B), inserts into an infusion chamber, drive shaft, or pump chamber of a pump
housing unit that contains corresponding cavities, grooves, keyways, or slots to match with
the umique differentiating tabs, protrusions, or features on the cap connector. In some
embodiments, the threaded coaxial cap then screws into threads in the pump housing, as
shown in Fig. 43A-B.

[0248] Figure 44A-C shows another embodiment of a collar 1100 and a
corresponding inlet connector 1110, The collar 1100 can resemble or be identical to the
above described collars in many ways, yvet can differ i certain respects. Some of the
similanties and differences are discussed below.

(0249} Figure 44 A shows an exploded view of a collar 1100 that inserts around
the neck of a reservoir (cartridge} via two pteces 1101, 1102, In this embodiment, the collar
can comprise a crown of the reservoir or fits over the crown (or head) of the cartridge and
engages with insert connector 1110 (shown in Figures 44A-C) via a Iid 1109, In some
embodiments, the lid 1109 comprises the lid aperture 1106, Figure 44B 1s an assembled view
of the same pre-fitted collar assembly shown in 44A. Figure 44C shows an inlet connector
1110 {e.g., cap connector) that inserts over the head (eg., crown) of the cartridge and
engages the pre-fitted collar assembly shown in 44A and 44B. In this embodiment, two
unigue differentiating tabs or protrusions 1104 (e.g., collar guiding elements} shown in
Figures 44A-B are positioned 180° apart from one another and couple with the corresponding
mlet connector 1110 via collar guiding element tracks 1165 (visible in Figure 44C). The
corresponding cap connector 1110 shown in Figure 44C contains two collar guiding element
tracks 1165 {e.g., cavities, grooves, keyways, or siots) that pair with the two collar ginding
elements 1104 {(differentiating tabs, protrusions, or features) on the prefitted collar 1100, In
some embodiments, as shown in Figures 44A-B, the bottom edge of the pre-fitted collar 1100
has a collar projection 1103 (lip, etc.) that can comprise the entire perimeter of the collar
1100. In some embodiments, the collar projection 1103 is sized and posttioned appropriately
to allow engagement by the two capture mechanisms 1166 shown in Figure 44C {only one of

which 15 visible). Also, in some embodiments, as shown in Figures 44A-C, the cap connector
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1110 shown mn Figure 44C contamns two guiding elements 1118 (tabs, protrusions, or
features) positioned 180 degrees apart from one another, these allow mnsertion nto an
infusion chamber, drive shaft, or pump chamber of a pump housing unit that contains
cavities, grooves, keyways, or slots to maich with the unique differentiating tabs, protrusions,
or features on the cap connector. Also, in some embodiments, as shown n Figures 44C, the
cap connector 1110 contains two inlet connector spacers 1136 (tabs, protrusions, or features)
positioned 180 degrees apart from one another. In some embodiments, the collar 1100
comprises a pairing projection 1112, The features of collar 1100 and inlet connector 1110
mteract with corresponding inlet connecting covers 1130 {not shown)} having pairing
apertures 1132 and external engaging implements {e.g., threads) 1134
[0250] Figure 45A-C shows another embodiment of a collar 1200 and a
corresponding mlet connector 1210, The collar 1200 can resemble or be identical to the
above described collars m many ways, vet can differ mn certain respects. Some of the
similarities and differences are discussed below.
[0251] Figure 45A shows an exploded view of a collar 1200 that nserts around
the neck of a reservour {cartridge) via two pieces 1201, 1202 In this embodiment, the collar
200 can comprise a crown of the reservoir or fits over the crown (or head} of a cartridge and
engages with insert connector 1210 (shown in Figures 45A-C) via a lid 1209, In some
embodiments, the lid 1209 comprises the lid aperture 1206, Figure 45B 15 an assembled view
of the same pre-fitted collar assembly shown in 45A. Figure 45C shows an inlet connector
1210 {(cap connector} that inserts over the head (or crown) of the cartridge and engages with
the pre-fitted collar assembly shown 11 45A and 458, In this embodiment, two collar guiding
elements 1204 {(e.g., unique differentiating tabs or protrusions), shown in Figures 45A-B, are
positioned 120° (or 240°) degrees apart from one another and couple with the corresponding
inlet connector 1210 via collar guiding element tracks 1265 (both of which are visible in
Figure 45C). The corresponding cap connector 1210 shown in Figure 45C contains collar
guiding element tracks 1265 (two cavities, grooves, keyways, or slots) to match with the
collar guiding elements 1204 (two unique differentiating tabs, protrusions, or features) on the
prefitted collar 1200, In some embodiments, as shown i Figures 45A-B, the bottom edge of
the pre-fitted collar 1200 has a collar projection 1203 (hip, etc.) running the entire perimeter

of the collar 1200, In some embodiments, the collar projection 1203 is sized and positioned
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appropriately to allow engagement by the capture mechanisms 1266 shown in Figure 45C
{only one of which 1s visible). Also, in some embodiments, as shown in Figures 45A-C, the
cap connector 1210 shown in Figure 45C contains three guiding elements 1218 (tabs,
protrusions, or features) positioned 120° apart from one another, which allow insertion into
an wnfusion chamber, drive shaft, or pump chamber of a pump housing umt that contaims
cavities, grooves, kevways, or slots to match with the umque differentiating tabs, protrusions,
or features on the cap connector. Other positions, as discussed elsewhere herein, are
envisioned. Also, in some embodiments, as shown in Figures 45C, the cap connector 1210
contains two inlet connector spacers 1236 (tabs, protrusions, or features) positioned 130°
apart from one another. In some embodiments, the collar 1200 comprises a pairing projection
1212. The features of collar 1200 and inlet connector 1210 interact with corresponding inlet
connecting covers 1230 (not shown} having pairing apertures 1236 and external engaging
immplements 1234,

[0252] Figures 46A-B shows another embodiment of a collar 1300 and a
corresponding mlet connector 1310, The collar 1300 can resemble or be identical to the
above described collars m many ways, vet can differ mn certain respects. Some of the
similarities and differences are discussed below.

[6253] As shown in Figure 46A the collar 1300 that inserts around the neck of a
reservolr {cartridge) 1s a single piece {(e.g., not comprising two pieces or a single piece with a
fillet}. In this embodiment, the collar can comprise a crown of the reservoir or fits over the
crown (or head) of the cartridge and engages with insert connector 1310 (shown in Figures
46A-C) via a Ird 1309, In some embodiments, the id 1309 comprises the lid aperture 1306.
In some embodiments, as shown in Figures 46A, the collar 1300 comprises one or more (1, 2,
3,4, 5, 6, or more) collar spacers 1337, The embodiment of Figure 46A has six collar spacers
1337. Figure 46B shows an inlet connector 1310 {cap connector) that inserts over the head
{or crown} of the cartridge and engages with the pre-fitted collar assembly shown in Figure
46A. In this embodiment, three collar projections {e.g., umque differentiating tabs or
protrusions) 1304 shown in Figure 40A are positioned 120 degrees apart from one another
and couple with the corresponding inlet connector 1310 via collar guiding element tracks
1365 {two of which are visible in Figure 46B). The corresponding cap connector 1310 shown

in Figure 46C contains collar guiding element tracks 1365 (e.g., cavities, grooves, keyways,
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or slots) to match with the collar guiding elements 1304 on the prefitted collar. In some
embodiments, the bottom edge of the pre-fitted collar 1300 has a collar projection 1303 (lip,
etc.) running the entire penimeter of the collar 1300, In some embodiments, the collar
projection is sized and positioned appropriately to allow engagement by the collar projection
mates 1366 shown m Figure 46C. Also, n some embodiments, the cap connector 1310
shown mn Figure 46B contains guiding elements 1318 (tabs, protrusions, or features)
positioned 180 degrees apart from one another, which allow insertion into an infusion
chamber, drive shaft, or pump chamber of a pump housing unit that contains cavities,
grooves, keyways, or slots to match with the unique differentiating tabs, protrusions, or
features on the cap connector. Also, in some embodiments, as shown in Figures 46B, the cap
connector 1310 contains two inlet connector spacers 1336 (tabs, protrusions, or features)
positioned 180° apart from one another. In some embodiments, the collar 1300 comprises a
pairing projection 1312, The features of collar 1300 and inlet connector 1310 mteract with
corresponding inlet connecting covers 1330 (not shown) having pairing apertures 1336 and
external engaging implements 1334

[6254] Figures 47A-B shows another embodiment of a collar 1400 and a
corresponding inlet connector 1410, The collar 1400 can resemble or be identical to the
above described collars i many ways, yet can differ i certain respects. Some of the
similarities and differences are discussed below.

[0255] As shown in Figure 47A the collar 1400 1s configured to insert around the
neck of a reservoir {cartridge) 1s a single piece. In this embodiment, the collar can comprise a
crown of the reservoir or fits over the crown (or head) of the cartridge and engages with
msert connector 1410 (shown m Figures 47A-C) via a lhid portion 1409 In some
embodiments, the hid 1409 comprises a lid aperture 1406. In some embodiments, as shown in
Figures 47A, the collar 1400 comprises one or more {1, 2, 3, 4, 5, 6, or more} collar spacers
1437. The embodiment of Figure 47A has six collar spacers 1437, Figure 47B shows an inlet
connector 1410 (cap connector) that nserts over the head (or crown) of the cartridge and
engages with the pre-fitted collar assembly shown in Figure 47A. In this embodiment, three
collar projections (e.g., unique differentiating tabs or protrusions) 1404 shown in Figure 47A
are positioned 120 degrees apart from one another and couple with the corresponding inlet

connector 1410 via collar guiding element tracks 1465 The corresponding cap connector
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1410 shown in Figure 47C contains collar guiding element tracks 1465 (e.g., cavities,
grooves, keyways, or slots) to match with the collar guiding elements 1404 on the prefitted
coliar. In some embodiments, the bottom edge of the pre-fitted collar 1400 has a collar
projection 1403 (lip, etc.}. In some embodiments, the collar projection 13 sized and positioned
appropriately to allow engagement by the collar projection mates 1466 shown in Figure 47C.
Also, 10 some embodiments, the cap connector 1410 shown in Figure 47B contains guiding
elements 1418 (tabs, protrusions, or features) positioned 120 degrees apart from one another,
which allow msertion imto an mfusion chamber, drive shaft, or pump chamber of a pump
housing unit that contans cavities, grooves, keyways, or slots to maich with the unique
differentiating tabs, protrusions, or features on the cap connector. Also, in some
embodiments, as shown in Figures 47B, the cap connector 1410 contains two inlet connector
spacers 1436 (tabs, protrustons, or features) positioned 180° apart from one another. In some
embodiments, the collar 1400 comprises a pairing projection 1412, The features of collar
1400 and inlet connector 1410 interact with corresponding inlet connecting covers 1430 (not
shown} having pairing apertures 1436 and external engaging implements 1434

[0256] Figures 48A-C show six separate components: the cartridge 510, the collar
1100 of Figure 44A-B (which, in some embodiments, inserts around the neck of the cartridge
and contains unique differentiating tabs, kevs, or protrusions as well as features that allow
engagement with and locking with the cap connector), the nlet connector 1110 {e.g, cap
connector; which, in some embodiments, contains corresponding cavities, grooves, keyways,
or slots to match with the unique differentiating tabs, protrusions, or features on the pre-fitted
coliar and a capture mechanism to lock with the features on the pre-fitted collar), inlet
connector cover 1130 {(e.g, secondary cap, threaded coaxial cap, etc; that, in some
embodiments, can shide up and down the tubing, and that fits over the cap connector and
threads into the pump housing), the needle 316 (which, in some embodiments, is
overmolded, bonded, press-fitted, glued, solvent bonded, insert molded, or otherwise
attached to the cap connector), and tubing 310 (that, in some embodiments, 1s overmolded,
bonded, press-fitted, glued, solvent bonded, insert molded, or otherwise attached to both the
cap connector,). While Figures 48A-C show the interaction between the embodiment of
Figure 44A-C with various other components, it should be understood that this 1s only an

example configuration and other collar/inlet connector systems could be used instead. For
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example, given the sunilar features of the embodiment described 1n Figure 46A-C, it could
be used with the components of Figures 48A-C. As shown in Figures 48A-C and as
described with respect to other embodiments herein, in some embodiments, the first channel
310 comprises a first piercing element 316 (e.g., a needle, cannula, etc.) configured to msert
into a first medicament reservoir 510 that couples to the inlet connector 1110, In some
embodiments, the needle 316 pierces a reservoir septum 514 located within an mternal
reservoir cover 1150 on the medicament reservoir 510 by insertion through the pairing
projection 1112, In some embodiments, the needle 15 heat staked or affixed within the mnlet
connector 1110, In some embodiments, the first reservoir 510 has a first plunger 512 adapted
to be depressed bv a piston of an infusion pump. In some embodiments, the needle is
overmolded, bonded, press-fitted, glued, solvent bonded, insert molded, or otherwise
attached to the inside of the inlet connector 1110, In some embodiments, the hollow needle is
recessed within the cap connector so as to be touch-proof. In this embodiment, the needle of
Figure 48 has pierced the septum over the reservoir 510,

[6257] In some embodiments, as shown in Figures 48A-C and as described with
respect to other embodiments herein, an inlet connector cover 1130 {(e.g., secondary cap, eic.)
can be configured to interact with the mlet connector 1110 via the pairing projection 1112, In
certain variants, the cover 1130 13 molded and permanently attached to a fluid condwit 310,
In some embodiments, tubing 310 1z overmolded, bonded, press-fitted, glued, solvent
bonded, insert molded, or otherwise attached to the cap connector and to the hollow needle n
such a way as to allow a patent and continuous fluid path through the hollow needle, the cap
connector, and the tubing. In some embodiments, the cover 1130 and the fluid condwit 310
are reversibly attachable. In some embodiments, as shown n Figure 488, the inlet connector
cover 1130 1s freely movable along the fluid conduit 310, In some embodiments, a needle
316 1s molded to the pairing projection 1112 and fixed there. In some embodiments, the inlet
connector cover 1130 is heat staked to the inlet connector 1110 via the pairing projection
1112 In some embodiments, the fluid condwt 15 able to freely rotate within the first inlet
connector and cover, which, as discussed above, helps avoid kinking of the fluid conduit. In
certain variants, the inlet connector cover 1130 and the inlet connector are separated by a
compressible O-ring. This O-ring allows the cover and connector to be tightly coupled to seal

them together. In some embodiments, a compressible O-ring (similar to that described above
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as 415} resides around the first inlet connector cover (similar to that described above as 430)
threads to facilitate tight connection to the fusion pump via the external threads.

[0258] In certain vanants, the cover 1130 comprises external engagement
mplements 1134 (e.g., external threads, ribbing, etc.) configured to interact with and engage
mated receptacles on an infusion pump housing. In some embodiments, the cover 1130
comprises a pairing aperture 1132 configured to engage with the pairing projection 1112, In
some embodiments, the cover 1130 comprises a pairing aperture 1132 that 1s configured to
not engage with a non-mated pairing projection.

[0259] As shown in Figures 48A-C, i certain implementations, the inlet
connector 1110 is configured to interact with the medicament reservoir 510, In some
embodiments, to be mserted properly within the mlet connector 1110, the reservoir must be
fitted with a collar 1100, In some embodiments, as described above, the projections of the
collar can be configured to only mteract with an appropriate inlet connector 1110, In some
embodiments, collars can be matched to specific size and diameter reservoirs. In some
embodiments, the collars for these different reservoirs can interact with only certamn
reservoirs, thereby nummizing chances of mischanneling. In other embodiments, reservoirs
that are the same can be used and nuschanneling can be prevented by the selection of an
appropriate coliar. In some embodiments, the collars can be color coded to match reservoirs,
mlets, and other components of the system to further prevent and/or discourage
mischanneling,

[6260] Figures 49A-C show six separate components that are different from those
of Figures 483A-C and could be used in conjunction with the system of Figures 48A-C in a
system that avoids mischanneling. The components include: the cartridge 520, the collar
1200 of Figure 45A-B (which, in some embodiments, inserts around the neck of the cartridge
and contains unigque differentiating tabs, keys, or protrusions as well as features that allow
engagement with and locking with the cap connector), the inlet connector 1210 {e.g., cap
connector; which, in some embodiments, contains corresponding cavities, grooves, keyways,
or slots to match with the unique differentiating tabs, protrusions, or features on the pre-fitted
collar and a capture mechanmism to lock with the features on the pre-fitted collar), mlet
connector cover 1230 (eg, secondary cap, threaded coaxial cap, etc; that, in some

embodiments, can shide up and down the tubing, and that fits over the cap connector and
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threads into the pump housing), the needle 326 (which, m some embodiments, 1s
overmolded, bonded, press-fitted, glued, solvent bonded, mmsert molded, or otherwise
attached to the cap connector), and tubing 320 (that, in some embodiments, is overmolded,
bonded, press-fitted, glued, solvent bonded, insert molded, or otherwise attached to both the
cap connector,). While Figures 49A-C show the interaction between the embodiment of
Figure 45A-C with various other components, it should be understood that this s only an
example configuration and other collar/inlet connector systems could be used instead. For
example, given the similar features of the embodiment described in Figure 47A-C, it could
be used with the components of Figures 49A-C. As shown in Figures 49A-C and as
described with respect to other embodiments herein, 1n some embodiments, the second
channel 320 comprises a second piercing element 326 {eg, a needle, cannula, etc)
configured to msert nto a second medicament reservolr 520 that couples to the inlet
connector 810, In some embodiments, the needle 326 pierces a reservoir septum 524 located
within an internal reservoir cover 1250 on the medicament reservoir 520 by msertion through
the pairing projection 1212, In some embodiments, the second reservoir 520 has a second
plunger 522 adapted to be depressed by a piston of an infusion pump. In some embodiments,
the needle 18 overmolded, bonded, press-fitted, glued, solvent bonded, msert molded, or
otherwise attached to the inside of the inlet connector 1210, In some embodiments, the
hollow needle is recessed within the cap connector so as o be touch-proof In this
embodiment, the needle of Figure 49C has pierced the septum over the reservowr 520

[0261] in some embodiments, as shown in Figures 49A-C and as described with
respect to other embodiments herein, an inlet connector cover 1230 {e.g., secondary cap, €ic.)
can be configured to mnteract with the mlet connector 1210 via the paning projection 1212, In
certain variants, the cover 1230 1s molded and permanently attached to a fluid conduit 320
in some embodiments, tubing 320 can be overmolded, bonded, press-fitted, glued, solvent
bonded, insert molded, or otherwise attached to the cap connector and to the hollow needle in
such a way as to allow a patent and continuous fluid path through the hollow needle, the cap
connector, and the tubing. In some embodiments, the cover 1230 and the fluid condwt 320
are reversibly attachable. In some embodiments, as shown in Figure 498, the inlet connector
cover 1230 1s freely movable along the fluid conduit 320 In some embodiments, a needle

326 1s molded to the pairing projection 1212 and fixed there. In some embodiments, the inlet
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connector cover 1230 1s heat staked to the mlet connector 1210 via the pairing projection
1212, In some embodiments, the fluid conduit 15 able to freely rotate within the nlet
connector and cover, which, as discussed above, helps avoid kinking of the fluid conduit. In
certain variants, the inlet connector cover 1230 and the inlet connector are separated by a
compressible O-ring. This O-ring allows the cover and connector to be tightly coupled to seal
them together. In some embodiments, a compressible O-ring (similar to that described above
as 415} resides around the first inlet connector cover (sinular to that described above as 430}
threads to facilitate tight connection to the fusion pump via the external threads.

[6262] In certain varnants, the cover 1230 comprises external engagement
implements 1234 (e.g., external threads, ribbing, etc. ) configured to interact with and engage
mated receptacles on an infusion pump housing. In some embodiments, the cover 1230
comprises a pairing aperture 1232 configured o engage with the pairing projection 1212, In
some embodiments, the cover 1230 comprises a pairing aperture 1232 that 1s configured to
not engage with a non-mated pairing projection.

(6263} As shown i Figures 49A-C, m certain mmplementations, the inlet
connector 1210 s configured to interact with the medicament reservoir 520. In some
embodiments, to be inserted properly within the inlet connector 1210, the reservoir must be
fitted with a collar 1200, In some embodiments, as described above, the projections of the
coliar can be configured to only interact with an appropriate inlet connector 1210, In some
embodiments, collars can be matched to specific size and diameter reservoirs. In some
embodiments, the collars for these different reservoirs can interact with only certain
reservoirs, thereby nmuninnzing chances of mischanneling. In other embodiments, reservoirs
that are the same can be used and nuschanveling can be prevented by the selection of an
appropriate collar. In some embodiments, the collars can be color coded to match reservoirs,
mnlets, and other components of the system to further prevent and/or discourage
mischannehing.

[0264] in some embodiments, the configurations described in Figures 48A-C and
Figures 49A-C could be used n a single pump system {simtlar to that depicted in Figure
43A-B) to avoid mischanneling of medicaments.

[0265] Figures SOA-D show an additional inlet connector 15370 assembly having a

luer connection. In some embodiments, as shown in Figure 50A, the imlet connector 1570 can
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comprise guiding elements 1518 similar to those described above. In this embodiment, the
reservolr engaging aperture 1586 (e g, internal cavity) of the cap connector shown n Figure
SOA contains female connector features 1585 of a standard luer lock, which engage with the
male connector features of a standard luer lock 1584 integrated onto the end of the cartridge
1580 shown i 50B, with detail of the luer lock end of the cartridge shown 1n 50C. In this
embodiment, the cap connector 15370 shown in S0A contains connector projections 1383
(e.g., two tabs, protrusions, or features) positioned 180 degrees apart from one another,
which allow msertion imto an mfusion chamber, drive shaft, or pump chamber of a pump
housing unit that contains corresponding cavities, grooves, keyways, or slots to match with
the unique differentiating tabs, protrusions, or features on the cap connector 1570, In some
embodiments, the cap connector 1570 in SOA does not contain a recessed needle or relief
slits {(as shown above}, but rather couples with the cartridge shown in 50B and 50C using a
standard luer lock mechanism, such that medicament can flow directly from the cartridge
mto the tubing 310 without first passing through a needle. Unlike the cartridges shown
above, the cartridge 1580 shown in Figure 50B might not be pre-filled with medicament at
the pomt of care, and does not contain a crown with a septum, but rather contains the male
connector features of a standard luer lock integrated onto the end 1581, of the carindge.
Figure 50D shows a partially exploded view showing two separate subcomponents: {1} the
cartridge with male connector features of a standard luer lock and (it) the cap connector with
female connector features of a standard luer lock, tubing, and threaded coaxial cap assembled
mnto a single connected subassembly.

[0266] Figures 51A-C show another embodiment of a collar/inlet connector
assemibly. Figure 51 A shows an exploded view of an embodiment of a collar 1600, showing
a pre-fitted collar assembly comprising two portions 1601, 1602 that insert around the neck
of a cartridge. Figure S1B shows an assembled view of the same pre-fitted collar 1600 shown
in Figure 51A. Figure S1C shows an inlet (or cap) connector 1610 that inserts over the head
{or crown) and neck of a reservoir that is collared and engages with the pre-fitted collar
assembly shown in Figures 51A-B.

6267} As shown in Figures 51 A-B and similar to the collars disclosed elsewhere
herein, n some embodiments, the collar 1600 comprises a first collar portion 1601 and a

second collar portion 1602, In some variants, as shown i Figures 51A-B, these portions
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1601, 1602 can be equivalently shaped so that a single mold can be used to fabricate both
portions 1601, 1602, In some mmplementations, as with other collars disclosed herein, the
portions are differently shaped and sized. For instance, in some embodiments, where the
collar 1s circular, one portion could make up 75% of the circle and the other 25%. This sizing
could facilitate the larger portion of the collar snapping tightly over the reservorr, securing
that portion 1n place, while the other piece s held {(or fixed) in place during, for instance,
capping of the collared reservoir. It should be noted that various shapes of collars could also
be used (square, rectangular, triangular, etc.} depending on the shape of the vial or the shape
of the nlet connector, or the desired pairing between the two and/or the purp housing. In
some embodiments, the collar comprises one, two, three, four, or more pieces {e.g., portions)
that can be assembled to wrap a reservoir. In some embodiments, different collar portions
can be mixed and matched, wmcreasing the vanability of possible configurations of
medicament delivery systems that avoid nischanneling.

[0268] In some embodiments, as shown in Figure 51B, different collar portions
1601, 1602 can be affixed (welded, glued, eic) to one another to form a collar having a
reservolr engaging aperture 1606,  In some embodiments, the collar can be attached
permanently to a medicament reservoir {e.g., a vial, etc.) which resides within the engaging
aperture 1606 where 1t can be held. In certain embodiments, the medicament reservoir can be
reused, being refilled using a bulk reservoir with corresponding features that match the
features of the collar/collar-capping assembly/vial assembly.

glue, rubberizing agent, or other

2

[6269] In some embodiments, an adhesive
applicant can be apphied to mating surfaces 16057, 16057 of the engaging aperture 1606 that
contact the neck (or head, crown, etc.) of the cartridge. In some vanants, the pre-fitted collar
adhesive increases friction and reduces or prevents rotation of the pre-fitted collar relative to
the reservoir. In some variants, the mating surfaces of the two-component pre-fitted collars
16057, 1605, as shown m Figures 51A-B, can be affixed {e.g., bonded, glued, laser welded,
or otherwise attached) as the collar i1s assembled onto the neck of the cartridge. In some
embodiments, the mating surfaces 1605°, 16057 are compressible {sponge, foam, rubber, soft

plastic, ribbed, fabric, eic.) to allow them to compress around a reservoir, locking it in place.
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(6270} In certain umplementations, the collar 1600 comprises one or more form
fitted edges 1607 (beveled, squared, etc.) to allow the collar 1600 to interact flushly with a
reservoir having a corresponding shape.

[6271] In some embodiments, the pre-fitted collar contains one or more features
that extend radially outwardly (teeth, tabs, protrusions, features, etc.) from the engaging
aperture 1606, as shown in Figures 51A-C. In some embodiments, these protrusions allow
coupling only with a corresponding cap connector 1610 {e.g, mlet connector} with
corresponding receiving features. In some embodiments, the corresponding cap connector
contains corresponding cavities, grooves, keyways, or slots to match with the unique
differentiating tabs, protrusions, or features on the pre-fitted collar (as shown in Figure 51C).
In this way, ounly one type of pre-fitted collar can mate uniquely with one type of cap
connector. In certain variants, the protrusions extend radially inwardly from a cap connector
and engage receiving features located on the collar. In some embodiments, the cap connector
has projections while the collar has corresponding cavities.

16272} In certain implementations, the collar 1600 comprises one or more {e.g., 1,
2,3, 4, 5, or more) collar projections 1603 {projections having an edge, hp, clips, etc.). In
certain embodiments, as with the other collars described herein, the collar can lack collar
projections. The embodiment of Figure STA-B comprises two collar projections. In some
embodiments, as shown, these projections extend radially outwardly away from the collar’s
reservoir engaging aperture 1606, In some vanants, these collar projections 1603 are
configured to interact with one or more (e.g., 1, 2, 3, 4, 5, or more) coinciding collar
projection mates 1666 {(lips, edges, clips, cavities comprising the same, etc.} located on an
mlet connector 1610, As shown i Figures 51A-C, the two collar projections 1603 would
interact with two corresponding collar projection mates 1666 of the inlet connector 1610, In
some embodiments, the collar projections 1603 engage the collar projection mates 1666 to
snap the collar into place holding the collar 1600 and the inlet connector 1610 together (e.g.,
flush to one another). In some vanants, the inlet connector 1610 has coinciding projection
mates 1666 that are mated with each configuration of collar projections 1603, In some
embodiments, the collar projection mates 1666 act as a capture mechanism that engages a
feature {e.g., collar projections 1603) on the pre-fitted collar 1600 and/or that engages the

collar 1600 uself In some embodiments, the capture mechanism of the inlet connector 1610
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can expand shghtly as 1t 1s pressed over the pre-fitted collar and then the inlet connector
1610 would snap into place, engaging a tab, protrusion, or feature on the pre-fitted collar, or
the bottom edge of the pre-fitted collar, and securely fasten the cap connector to the pre-fitted
collar. The cartridge, pre-fitted collar, and cap connector subassembly could then be fastened
into a pump housing unit.

[0273] In some embodiments, as with the other collars described herein, where
multiple collar projections 1603 are present, the collar projections 1603 can be spaced evenly
about the collar 1600 so that each collar projection s equidistant from the next. For instance,
in an embodiment as shown m Figure S1A-C, where two projections 1603 are present, those
projections can be positioned opposite of one another on the collar (180° apart from each
other}. In some variants, as with the other collars described herein, the coliar projections can
be spaced unevenly about the collar so that some collar projections are closer and some are
farther from adjacent collar projections. In some embodiments, as with other collars
described herein, adjacent collar projections can be separated by values independently
selected from about 180°, about 160°, about 140°, about 120°, about 100°, about 90°, about
80°, about 70°, about 60°, about S0°, about 40°, about 30°, about 20°, about 10°, values
between the aforementioned values or otherwise. In some embodiments, as described above,
collars can comprise one or more differently shaped collar projections on a single collar. In
some embodiments, the collar projections can be one or more shapes selected from triangular
shaped, squared, semi-circular, etc. This vanability leads to almost unlimited varnability in
collar/inlet connector matings.

16274} As shown in Figures 51A-C, in some embodiments, where present, collar
cuiding elements 1604 are configured to interact with corresponding collar guiding element
tracks 1065, In some varnants, the collar comprises one or more {e.g, I, 2, 3, 4, 5, or more)
coliar guiding elements {tabs, protrusions, etc.). In some embodiments of the collars
described herewn, collar guiding elements are not present. In some embodiments, these collar
guiding elements protrude radially from the collar extending away from the reservow
engaging aperture 1606, In some embodiments of the collars described herein, the collar
guiding elements 1604 protrude radially from the collar 1600 and are fong enough to extend
outwardly from the mlet connector 1610 after msertion into the miet connector 1610

(extending away from the reservoir engaging aperture 1606). In some embodiments, as
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shown in Figures 51 A-C, these collar guiding elements 1604 are configured to interact with
one or more {eg., 1, 2, 3, 4, 5, or more} comciding collar guiding element tracks 1665
{cavities, grooves, keyways, slots, apertures, etc.} located on an inlet connector 1610 In
some embodiments, similar to the collar projections above and similar to any embodiment of
coliar described herein, the collar guiding elements 1604 can be spaced evenly about the
collar 1600 so0 that each collar guiding element 1604 15 equidistant from the next. For
instance, in the embodiment shown in Figure S1A-C, two collar guiding elements 1604 are
present and are positioned opposite of one another on the collar 1600 (about 180° apart from
each other}. In some varnants of the collars described herein, the collar guiding elements
1604 can be spaced unevenly about the collar so that some projections are closer and some
are farther. In some embodiments of the collars described herein, adjacent collar guiding
elements are separated apart by values independently selected from about 180°, about 160°,
about 140°, about 120°, about 100°, about 90°, about 80°, about 70°, about 60°, about 50°,
about 40°, about 30°, about 20°, about 10°, values between the aforementioned values or
otherwise. In some embodiments, multiple differently shaped guiding elements can be used
on a single coliar. In some embodiments, the guiding elements of any of the collars described
herein can be independently selected to be tnangularly shaped, square-shaped, semi-circular,
polygonal, ball-and-stick-shaped, polygon-and-stick-shaped, etc. This design can lead to
multiple configurations of collars with almost unlimited variability. In some variants, the
miet connector 1610 has comciding collar gunding element tracks 1665 (grooves, cavities,
siots, key holes, etc.) that are mated with each configuration of collar guiding elements 1604,
in some embodiments, these tracks guide only properly matched collars into place on the
inlet connector.

[6275] In certain varnants, the collar projections 1603 {(or mlet connector
projections as the case may be), as shown, are smaller than the collar guiding elements 1604
(or inlet connector guiding elements as the case may be). In some embodiments, the ratio of
the size of the collar projections to the collar guiding elements 15 about 1:20, 1:10, about 115,
about 1:2, values between the aforementioned values or otherwise.

(6276} In some embodiments, as shown in Figures 51A-C, similar in some

aspects to embodiments described above, the mlet connector 1610 can comprise a pairing
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projection 1612, This patring projection 1612 1s discussed mn more detail elsewhere herem
and can fit into an 1nlet connector cover {not shown).

[8277] In some embodiments, once the collar 1600 is inserted into the inlet
connector 1610, the collar guiding element 1604 can act as a guiding element (tabs,
protrusions, or features) for the assembled collar 1600 and mlet connector 1610, In some
embodiments, the collar guiding element 1604 protrudes through the inlet connector 1610 to
facilitate placement in, for example, a specific, matching aperture 1n an infusion pump {e.g.,
the mfusion pump housing), while discouraging {or preventing) msertion nto an ncorrect
aperture (in some ways sinular to, for example, the guiding elements 718 of the inlet
connector 710 described above). In some embodiments, the cap comprises a piercing element
316 that can be heat staked (or otherwise affixed, glued, welded, etc} in place. In some
embodiments, the inlet connector also comprises guiding elements similar to those the
guiding elements 718 show in Figure 37C.

{0278} In some embodiments, the cap connector’s (1.¢., inlet connector’s} guiding
elements allow msertion nto an mfusion chamber, drive shaft, or pump chamber of a pump
housing unit that contains corresponding cavities, grooves, keyways, or slots to match with
the unique differentiating tabs, protrusions, or features on the cap connector. In this way, n
some embodiments, only one type of cap connector can be mserted uniquely into one
particular infusion chamber, drive shaft, or pump chamber. Alternatively, the inlet connector
might contain cavities, grooves, keyways, or slots (not shown) that uniquely mate with one
or more tabs, protrusions, or features in the infusion chamber, drive shafi, or pump chamber
of a pump housing unt.

[6279] In certain vanants, the distance the collar guiding elements 1604 protrude
radially from the mlet connector 1610 when engaged can be compared to the radial distance
the collar projections 1603 extend from the collar. In certain embodiments, the distance of
extension from the inlet connector 1610 1s at least as small or smaller than the distance the
collar projections 1603 extend radially. In various embodiments, the ratio of the extension of
the collar guiding elements from the mlet connector gwiding elements to the collar
projections from the collar 1s about 110, about 1:5, about 1:2, about 1.1, about 2:1, about

5:1, or about 10:1, values between the aforementioned values or otherwise.
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{6280} In certain variants, the inlet connector 1610 comprises one or more (2, 3,
4, 5, or more) inlet connector spacers 16306 (e.g., relief slits, cavities, etc.). As shown, the two
relief slits 1636 of the inlet connector 1610 of Figure 51C are 180° apart In some variants,
where multiple relief slits are present, the relief slits can be spaced unevenly about the collar
so that some projections are closer and some are farther. In some embodiments of the collars
disclosed herein, adjacent relief slits are separated by values independently selected from
about 180°, about 160°, about 140°, about 120°, about 100°, about 90°, about 80°, about 707,
about 60° about 509 about 40°, about 30° about 20°, about 10° values between the
aforementioned values or otherwise In some embodiments, inlet connector spacers 1636
allow the inlet connector 1610 to be compressed as it mserts into a pump housing or
expanded as it 1s slid over a collar/reservoir assembly. In some embodiments, this can allow
snap tight fitting into a pump housing or with a collar/reservorr assembly that comprises
mated features. For mstance, in some embodiments, once inserted all the way into the
housing, the inlet connector spacers can re-expand, allowing the geometric features of the
mlet connector 1610 to interact with mated apertures or features of the pump housing. Thus
feature, among others described herein, can allow the reservour to be held in an appropriate
position, with little movement {e g., substantially flush), within the pump housing. In some
embodiments, a single-component pre-fitted collar 1600, such as the ones shown n Figures
51A-C, has relief slits 1636 which allow the mnlet connector to be pressed over the head (or
crown) of the cartridge, and a locking mechanism, that snaps into place as it engages with the
underside of the head (or crown) of the cartridge.

(6281} Another embodiment of a collar i1s shown in Figures 52A-C. The collar
1700 can reseroble or be identical to the above described collar 1600 in many ways, yet can
differ in certain respects. Some of the similarities and differences are discussed below.

[6282] As shown n Figures S2A-B, the collar 1700 comprises a first portion 1701
and a second portion 1702, As shown, these portions 1701, 1702 can be equivalent to one
another and can be fabricated using a single mold. In some implementations, as discussed
above, the portions are differently shaped and sized. Figure 52A shows an exploded view of
an embodiment of a collar 1700, showing a pre-fitted collar assembly that inserts around the
neck of the cartridge. Figure 52B shows an assembled view of the same pre-fitted collar 1700

shown in Figure 52A. Figure 52C shows an inlet {or cap) connector 1710 that inserts over the
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head (or crown} and neck of a reservoir and engages with the pre-fitted collar assembly
shown 1n Figures S2A-B.

{6283} In some embodiments, as shown in Figure 52B, these portions 1701, 1702
engaging aperture 1706 that can permanently hold a medicament reservorir {e.g., a vial, etc.).
in some embodiments, an adhesive, glue, rubberizing agent, or other applicant can be applied
to one or both of the mating surfaces 17057, 17057 of the engaging aperture 1706 between
the neck of the cartridge and the pre-fitted collar to increase friction and reduce or prevent
rotation of the pre-fitted collar relative to the neck of the reservowr. In some variants, as
discussed above, the mating surfaces of the two-component pre-fitted collars 17057, 1705,
as shown in Figures 52A-B, can be bonded, glued, laser welded, or otherwise attached as the
collar 15 assembled onto the neck of the cartridge. In some embodiments, the mating surfaces
17057, 1705”7 are compressible {sponge, foam, rubber, soft plastic, ribbed, fabric, etc.) to
aliow them to compress around a reservotr, locking it in place. In certain implementations,
the collar 1700 comprises one or more form fitted edges 1707 (beveled, fitted, etc.) to allow
the collar 1700 to interact flushly with a reservoir.

[0284] As shown in Figures 52A-C, the pre-fitted collar contains one or more
tabs, protrusions, features, which allow coupling only with the corresponding cap connector
1710 {e.g., inlet connector) and the corresponding cap connector comprises cavities, grooves,
kevways, or slots that match the unique differentiating tabs, protrusions, or features on the
pre-fitted collar. As shown in Figure S2A-B, the collar 1700 comprises two collar projections
1703 (projections having an edge, lip, etc.). As shown mn Figure 52A-C, the collar projections
1703 {one or more) can be bisected by the separation of the collar pieces 1701, 1702, In some
variants, these collar projections 1703 interact with the coinciding collar projection mates
1766 (lips, edges, clips, etc.) located on an inlet connector 1710, as shown in Figures 52A-C.
In some embodiments, the collar projections 1703 engage the collar projection mates 1766 to
snap the collar into place holding the collar 1700 and the inlet connector 1710 flush to one
another. In some variants, the inlet connector 1710 has coinciding projection mates 1766 that
are mated with each configuration of collar projections 1703. In some embodiments, the
coliar projection mates 1766 act as a cap a capture mechanism that engages a feature {e.g.,

collar projections 1703) on the pre-fitted collar 1700 and/or that engages the collar 1700
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itself. In some embodiments, the collars are either of the variety that connects to the head (or
crown} of the cartridge or to the neck of the cartridge. In some embodiments, the capture
mechanism of the inlet connector 1710 can expand slightly as it is pressed over the pre-fitted
collar and then the inlet connector 1710 can snap into place, engaging a tab, protrusion, or
feature on the pre-fitted collar, or the bottom edge of the pre-fitted collar, and securely fasten
the cap connector to the pre-fitted collar. The cartridge, pre-fitted collar, and cap connector
subassembly could then be fastened into a pump housing unit.

[6285] In some embodiments, as shown in Figures 52A-B, the collar 1700
comprises two collar projections 1703 that are positioned opposite of one another on the
collar (180° apart from each other). In some variants, as shown in Figures 52A-B, the collar
1700 comprises two collar guiding elements 1704 (tabs, protrusions, etc.). As shown, these
collar guiding elements 1704 can be configured to interact comciding collar guiding element
tracks 1765 (cavities, grooves, keyways, slots, apertures, etc.} located on the corresponding
inlet connector 1710 shown in Figure 52C. In some embodiments, these collar guiding
elements 1704 protrude radially from the collar 1700 and from the inlet connector 1710 after
msertion mto the inlet connector 1710 extending away from the reservoir engaging aperture
1706. As shown in Figure 52A-B, and as described above, where two collar guiding elements
1704 are present, those guiding elements can be positioned apart by about 120° from each
other {or by about 240° traveling around the longer portion of the perimeter of the collar
1700). As shown in Figure 52C, the inlet connector 1710 can have coinciding collar guiding
element tracks 1765 that are mated with each configuration of collar guding elements 1704

[6286] In some embodiments, as shown m Figures 52A-C, simular i some
aspects to embodiments described above, the mlet connector 1710 comprises a pairing
projection 1712, This pairing projection 1712 1s discussed in more detail elsewhere herein.

[6287] In some embodiments, as s apparent from Figures S2A-C, similar in some
aspects to embodiments described above, once the collar 1700 15 inserted into the inlet
connector 1710, the collar guiding element 1704 can act as a guiding element (a tab, a
protrusion, or a feature) for the assembled collar 1700 and inlet connector 1710, In some
embodiments, the collar guiding element 1704 protrudes through the inlet connector 1710 to
facilitate placement in, for example, a specific, matching aperture in an infusion pump {e.g.,

the mfusion pump housing), while discouraging {(or preventing} insertion into an mcorrect
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aperture (1n some ways stmilar to, for example, the guiding elements 718 of the inlet
connector 710 described above). In some embodiments, the cap comprises a piercing element
326 that can be heat staked (or otherwise affixed, glued, welded, etc} in place. In some
embodiments, the inlet connector also comprises guiding elements similar to those the
guiding elements 718 show in Figure 37C.

[0288] In certain variants, the inlet connector 1710, as shown, comprises two inlet
connector spacers 1736 (e.g., relief slits} separated by 180°. In some embodiments, this inlet
connector spacer 1736 allows the inlet connector 1710 to be compressed or expanded. These
relief shits can be spaced about the connector in the same fashion as the guiding elements. As
with the embodiment described in Figures 37C, the shits can allow snap tight fitting into a
pump housing that comprises mated features. This feature, among others described herein,
can allow the reservoir to be held i an appropriate position, with little movement, within the
pump housing. In some embodiments, a single-component pre-fitted collar 1700, such as the
ones shown in Figures 52A-C, has relief slits 1736 which allow the inlet connector to be
pressed over the head (or crown) of the cartridge, and a locking mechamism, that snaps into
place as it engages with the underside of the head (or crown) of the cartridge.

[0289] Anocther embodiment of a collar is shown 1n Figures 53A-C. The collar
1800 1s similar to the above described collar 1600 except that 1t has a relief with fillet 1808
and an opening 1809 away from the f{illet as opposed to being two distinet pieces. Figure 54A
shows an open view of an embodiment of a collar 1800, showing a pre-fitted collar assembly
that inserts around the neck of the cartridge. Figure 53B shows a closed view of the same
pre-fitted collar 1800 shown n Figure S3A. Figure 53C shows an mlet {or cap) connector
1810 that mserts over the head {or crown) and neck of a reservoir and engages with the pre-
fitted collar assembly shown in Figures 53A-B.

[6296] In some embodiments, the collar can automatically close around a
reservoir by virtue of the elasticity of the collar 1800. In some embodiments, a hinge, joint,
or other swiveling mechanism can be used instead of the fillet 1808, with the goal of having
a closable {and, in some embodiments, an openable collar) in mind. In some embodiments,
the collar 1800 comprises surfaces 1801, 1302 that come into contact with one another when
the collar 1800 15 m the closed position. In some embodiments, these surfaces 1801, 1802

can be affixed (welded, glued, etc) to one another to form a collar having a reservoir

=77



WO 2017/007968 PCT/US2016/041395

engaging aperture 1806 that can permanently hold a medicament reservorr {e.g., a vial, etc.}.
In some embodiments, an adhesive, glue, rubberizing agent, or other applicant can be apphied
to the mating surface 1805 of the engaging aperture 1800 between the neck of the cartridge
and the pre-fitted collar 1800 to increase friction and reduce or prevent rotation of the pre-
fitted collar 1800 refative to the neck of the reservoir. In some variants, as discussed above,
the mating surface 1805 can be bonded, glued, laser welded, or otherwise attached as the
collar is assembled onto the neck of the cartridge. In some embodiments, the mating surface
1805 is compressible (sponge, foam, rubber, soft plastic, ribbed, fabric, ete.} to allow them to
compress around a reservoir, locking it in place. In certamn mmplementations, the collar 1800
comprises one or more form fitted edges (beveled, fitted, etc.; not shown) to allow the collar
1800 to interact flushly with a reservorr.

[6291] In some embodiments, the pre-fitted collar contains one or more tabs,
protrusions, features, as in Figures S3A-C, which allow coupling only with the corresponding
cap connector {e.g., inlet connector), and the corresponding cap connector contains
corresponding cavities, grooves, keyways, or slots to match with the unique differentiating
tabs, protrusions, or features on the pre-fitted collar. In this way, only one type of pre-fitted
collar can mate uniquely with one type of cap connector. For instance, the collar 1800
comprises two collar projections 1803 (projections having an edge, lip, etc}). In some
variants, these collar projections 1803 are configured to interact with coinciding collar
projection mates 1866 (lips, edges, clips, etc.) located on an inlet connector 1810, as shown
in Figures 53A-C. In some embodiments, the collar projections 1803 engage the collar
projection mates 1866 to snap the collar into place holding the collar 1800 and the inlet
conmector 1810 fhush to one ancther. In some variants, the et connector 1810 has
comnciding projection mates 1866 that are mated with each configuration of collar projections
1803. In some embodiments, the collar projection mates 1866 act as a cap a capture
mechanism that engages a feature {e.g., collar projections 1803} on the pre-fitted collar 1800
and/or that engages the collar 1800 itself In some embodiments, the collars are either of the
variety that connect to the head {or crown) of the cartridge or to the neck of the cartridge. In
some embodiments, the capture mechanism of the inlet connector 1810 can expand shghily
as 1t 1s pressed over the pre-fitted coliar and then the inlet connector 1810 can snap into

place, engaging a tab, protrusion, or feature on the pre-fitted collar, or the bottom edge of the
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pre-fitted collar, and securely fasten the cap connector to the pre-fitted collar. The cartridge,
pre-fitted collar, and cap connector subassembly could then be fastened into a pump housing
unit.

[6292] As shown n Figure S3A-C, where two projections 1803 are present on a
collar, those projections can be positioned opposite of one another on the collar (180° apart
from each other). In some variants, as shown in Figures 53A-B, the collar 1800 comprises
two collar guiding elements 1804 (tabs, protrusions, etc.) configured to interact with two
comnciding collar guiding element tracks 1865 (cavities, grooves, keyways, slots, apertures,
etc.) located on the mlet connector 1810. In some embodiments, these collar guiding
elements 1804 protrude radially from the collar 1800 and from the inlet connector 1810 after
msertion mnto the mlet connector 1810 extending away from the reservoir engaging aperture
1806. As shown, these collar guiding elements are located about 180° apart on the collar. In
some embodiments, the collar guiding elements can be spaced apart by varying degrees as
discussed above. In some variants, the inlet connector 1810 has coinciding collar guiding
element tracks 1865 that are mated with each configuration of collar ginding elements 1804,

16293} In some embodiments, as shown in Figures 53A-C, similar in some
aspects to embodiments described above, the inlet connector 1810 comprises a pairing
projection 1812,

[6294] In some embodiments, as shown in Figures 53A-C, similar in some
aspects to embodiments described above, once the collar 1800 is inserted into the inlet
connector 1810, the collar guiding element 1804 can act as a guiding element (tab,
protrusions, or features) for the assembled collar 1800 and mlet connector 1810, In some
embodiments, the collar guiding element 1804 protrudes through the inlet connector 1810 to
facilitate placement in, for example, a specific, matching aperture 1n an infusion pump {e.g.,
the mfusion pump housing), while discouraging {or preventing) msertion nto an ncorrect
aperture (in some ways sinular to, for example, the guiding elements 718 of the inlet
connector 710 described above). In some embodiments, the cap comprises a piercing element
326 that can be heat staked (or otherwise affixed, glued, welded, etc} in place. In some
embodiments, the collar’s guiding elements would allow msertion mto an infusion chamber,
drive shaft, or pump chamber of a pump housing unit that contains corresponding cavities,

grooves, keyways, or slots to match with the unique differentiating tabs, protrusions, or
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features on the cap counector. In some embodiments, the inlet connector also comprises
guiding elements similar to those the guiding elements 718 show in Figure 37C.

[6295] In certain variants, as shown in Figure 53C, the inlet connector 1810
comprises two inlet connector spacers 1336 (e.g., relief shits). In some embodiments, ths
mnlet connector spacer 1836 allows the mlet connector 1810 to be compressed as it inserts
into a pump housing. These relief slits can be spaced about the connector in the same fashion
as the guiding elements. As with the embodiment described in Figures 37C, the slits can
allow snap tight fitting into a pump housing that comprises mated features.

[0296] Ancther embodiment of a collar 1900 and its inlet connector 1910 s
shown 1n Figures S4A-C. The collar 1900 13 similar to the above described collars in many
ways, vet can differ m certain respects. Some of the sinularities and differences are discussed
below. As shown in Figures 54A-B, the collar 1900 has a fillet 1908 and an opening 1909
away from the fillet 1908 as opposed to being two distinct pieces {for instance, collar 800°s
portions 801, 802). Figure 54A shows an open view of the collar 1900, showing a pre-fitted
collar assembly that inserts around the neck of the cartrnidge. Figure 54B shows a closed view
of the same pre-fitted collar 1900 shown in Figure 54A. Figure 34C shows an inlet (or cap)
connector 1910 that inserts over the head (or crown) and neck of a reservoir and engages
with the pre-fitted coliar assembly shown in Figures 54A-B.

[6297] In some embodiments, the filleted collar can automatically close around a
reservoir by virtue of the elasticity of the collar 1900. In some embodiments, a hinge, joint,
or other swiveling mechanism can be used instead of the fillet 1908, with the goal of having
a closable {and, n some embodiments, an openable collar) in mind. In some embodiments,
the collar 1900 comprises surfaces 1901, 1902 that come into contact with one another when
the collar 1900 is in the closed position. In some embodiments, these surfaces 1901, 1902
can be affixed (welded, glued, etc) to one another to form a collar having a reservowr
engaging aperture 1906 that can permanently hold a medicament reservoir {e.g., a vial, etc.).
In some embodiments, an adhesive, glue, rubberizing agent, or other applicant can be applied
to the mating surface 1905 of the engaging aperture 1906 between the neck of the cartridge
and the pre-fitted collar 1900 to ncrease friction and reduce or prevent rotation of the pre-
fitted collar 1900 relative to the neck of the reservoir. In some variants, as discussed above,

the mating surface 1905 can be bonded, glued, laser welded, or otherwise attached as the
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collar 1s assembled onto the neck of the cartridge. In some embodiments, the mating surface
1905 1s compressible (sponge, foam, rubber, soft plastic, ribbed, fabric, ete.) to allow them to
compress around a reservoir, locking it in place. In certain implementations, the collar 1900
comprises one or more form fitted edges (beveled, fitted, etc.; not shown) to allow the collar
1900 to interact flushly with a reservorr,

[0298] In some embodiments, the pre-fitted collar contains one or more tabs,
protrusions, features, as shown in Figures 54A-C, which aliow coupling only with the
corresponding cap connector 1910 {eg, inlet connector), and the corresponding cap
connector would contain corresponding cavities, grooves, keyways, or slots to match with
the unique differentiating tabs, protrusions, or features on the pre-fitied collar.

[6299] For mstance, n certamn implementations, as shown, the collar 1900
comprises two collar projections 1903 (projections having an edge, lip, etc). In some
variants, these collar projections 1903 are configured to mteract with one or more coinciding
coliar projection mates 1966 (lips, edges, clips, etc.} located on an inlet connector 1910, as
shown i Figures 54A-C {where only one 15 visible). In some embodiments, the collar
projections 1903 engage the collar projection mates 1966 to snap the collar into place
holding the collar 1900 and the nlet connector 1910 flush to one another. In some variants,
the inlet connector 1910 has coinciding projection mates 1966 that are mated with each
configuration of collar projections 1903, In some embodiments, the collar projection mates
1966 act as a cap a capture mechanism that engages a feature {e.g., collar projections 1903)
on the pre-fitted collar 1900 and/or that engages the collar 1900 stself. In some embodiments,
the collars are either of the variety that connect to the head (or crown) of the cartridge or to
the neck of the cartrnidge. Tn some embodiments, the capture mechanism of the inlet
connector 1910 can expand slightly as it is pressed over the pre-fitted collar and then the
inlet connector 1910 can snap mnto place, engaging a tab, protrusion, or feature on the pre-
fitted collar, or the bottom edge of the pre-fitted collar, and securely fasten the cap connector
to the pre-fitted collar. The carinidge, pre-fitted collar, and cap connector subassembly could
then be fastened into a pump housing unit.

[636¢] In some embodiments, as shown, the collar projections 1903 are evenly
spaced about the collar 1900 (at about 180° apart). In some embodiments, as discussed with

various embodiments above, the projections are distributed about the collar at various
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distances. In some variants, as shown in Figures 54A-B, the collar 1900 comprises two collar
guiding elements 1904 (tabs, protrusions, etc.) configured to interact with one or more
coinciding collar guiding element tracks 1965 (cavities, grooves, keyways, slots, apertures,
etc.) located on an inlet connector 1910. As shown in Figure 54B, the collar guiding elements
are 120° apart with one being bisected by the opening 1909, In some variants, as shown, the
inlet connector 1910 has coinciding collar guiding element tracks 19635 that are mated with
each configuration of collar guiding elements 1904,

(6301} In some embodiments, as shown m Figures 54A-C, simular in some
aspects to embodiments described above, the inlet connector 1910 can comprise a pairing
projection 1912,

[6362] In some embodiments, as 13 apparent from Figures 54A-C, once the collar
1900 15 nserted mnto the nlet connector 1910, the collar gmding element 1904 can act as a
guidhng element (tab, protrusions, or features} for the assembled collar 1900 and inlet
connector 1910. In some embodiments, the collar guiding element 1904 protrudes through
the mlet connector 1910 to facilitate placement in, for example, a specific, matching aperture
n an infusion pump (e g., the infusion pump housing), while discouraging (or preventing)
msertion into an incorrect aperture (in some ways similar to, for example, the guiding
elements 718 of the inlet connector 710 described above). In some embodiments, the cap
comprises a piercing element 326 that can be heat staked (or otherwise affixed, glued,
welded, etc.) in place. In some embodiments, the inlet connector also comprises guiding
elements similar to those the guiding elements 718 show in Figure 37C.

[6363] In certain variants, as shown i Figure 34C, the miet connector 1910
comprises two inlet connector spacers 1936 (e.g, relief slits) that are about 180° apart. In
some embodiments, this inlet connector spacer 1936 allows the inlet connector 1910 to be
compressed as it mserts mnto a pump housing or expanded as a reservoir and cap 1s mserted
mto 1t. These relief shits can be spaced about the connector in the same fashion as the guiding
elements. The slits can allow snap tight fitting into a pump housing that comprises mated
features.

[0304] Figures 55A-C show six separate components: the cartridge 510, the collar
1600 of Figure 51 A-B (which, in some embodiments, mserts around the neck of the cartridge

and contains unique differentiating tabs, keys, or protrusions as well as features that allow
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engagement with and locking with the cap connector), the inlet connector 1610 {e.g., cap
connector; which, 1n some embodiments, contains corresponding cavities, grooves, kevways,
or slots to match with the unique differentiating tabs, protrusions, or features on the pre-fitted
collar and a capture mechanism to lock with the features on the pre-fitted collar), inlet
connector cover 1630 (eg, secondary cap, threaded coaxial cap, etc; that, in some
embodiments, can shide up and down the tubing, and that fits over the cap connector and
threads into the pump housing), the needle 316 (which, in some embodiments, is
overmolded, bonded, press-fitted, glued, solvent bonded, insert molded, or otherwise
attached to the cap connector}, and tubing 310 (that, in some embodiments, 13 overmolded,
bonded, press-fitted, glued, solvent bonded, insert molded, or otherwise attached to both the
cap connector,}. As shown in Figures 55A-C and as described with respect to other
embodiments herein, in some embodiments, the first channel 310 comprises a first piercing
element 316 (e.g., a needle, cannula, etc) configured to insert mio a first medicament
reservoir 510 that couples to the inlet connector 1610, In some embodiments, the needle 316
pierces a reservoir septum 514 located within an internal reservoir cover 1650 on the
medicament reservorr S0 by insertion through the paining projection 1612, In some
embodiments, as shown, the first reservoir 510 has a first plunger 512 adapted to be
depressed by a piston of an infusion pump. In some embodiments, the needle is overmolded,
bonded, press-fitted, glued, solvent bonded, insert molded, or otherwise attached to the inside
of the inlet connector 1610, In some embodiments, the hollow needle is recessed within the
cap connector so as to be touch-proof. In this embodiment, the needle of Figure 55C has
pmerced the septum 514 over the reservoir 510.

[63685] In some embodiments, as shown in Figures 55A-C and as described with
respect to other embodiments herein, an inlet connector cover 1630 {e.g., secondary cap, eic.)
can be configured to interact with the mlet connector 1610 via the pairing projection 1612, In
certain embodiments, the pairing projection is ribbed or threaded to allow snap or screw
fitting to the inlet connector cover 1630, In some embodiments the pairing projection does
not snap or screw into the inlet connector cover 1630 and 15 instead smooth. In certain
variants, the cover 1630 is molded and permanently attached to a fluid condwit 310. In some
embodiments, tubing 310 15 overmolded, bonded, press-fitted, glued, solvent bonded, insert

molded, or otherwise attached to the cap connector and to the hollow needle in such a way as
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to allow a patent and continuous fluid path through the hollow needle, the cap connector, and
the tubing In some embodiments, the cover 1630 and the fluid condutt 310 are reversibly
attachable.

(6306} In some embodiments, as shown in Figure 55B, the inlet connector cover
1630 1s freely movable along the fluid conduit 310, In some embodiments, a needle 316 13
molded to the pairing projection 1612 and fixed there. In some embodiments, the inlet
connector cover 1630 is heat staked to the inlet connector 1610 via the pairing projection
1612, In some embodiments, the fluid condwt 15 able to freely rotate within the first inlet
connector and cover, which, as discussed above, helps avoid kinking of the fluid conduit. In
certain variants, the inlet connector cover 1630 and the inlet connector are separated by a
compressible G-ring. This O-ring allows the cover and connector to be tightly coupled to seal
them together. In some embodiments, a compressible O-ring {simular to that described above
as 415) resides around the first inlet connector cover {similar to that described above as 430)
threads to facilitate tight connection to the fusion pump via the external threads.

(6307} In certain variants, the cover 1630 comprises exiernal engagement
mmplements 1634 {e.g, external threads, ribbing, etc.) configured to interact with and engage
mated receptacles on an infusion pump housing. These threadings can be configured to only
interact with corresponding threads of a housing. In some embodiments, the cover 1630
comprises a pairing aperture 1632 configured to engage with the pairing projection 1612, In
some embodiments, the cover 1630 comprises a pairing aperture 1632 that s configured to
not engage with a non-mated pairing projection.

63038} As shown 1n Figures S5SA-C, in certain implementations, the mnlet
connector 1610 1s configured to interact with the medicament reservowr 510, In some
embodiments, to be inserted properly within the mnlet connector 1610, the reservoir must be
fitted with a collar 1600, In some embodiments, as described above, the projections of the
collar can be configured to only interact with an appropriate inlet connector 1610, In some
embodiments, collars can be matched to specific size and diameter reservoirs. In some
embodiments, the collars for these different reservoirs can interact with only certain
reservoirs, thereby minimizing chances of nuschanneling. In other embodiments, reservoirs
that are the same can be used and mischanneling can be prevented by the selection of an

appropriate collar. In some embodiments, the collars can be color coded to match reservoirs,
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mlets, and other components of the system to further prevent and/or discourage
nuschanneling.

[8309] Figures S6A-{ show six separate components that are different from those
of Figures 55A-C and that are used m conmjunction with the system of Figures S6A-C to
provide a drug delivery purap system that avoids mischanneling.

[03190] The components of the embodiment of Figures 56A-C include: the
cartridge 520, the collar 1700 of Figure 52A-B (which, in some embodiments, inserts around
the neck of the cartridge and contains unique ditferentiating tabs, keys, or protrusions as well
as features that allow engagement with and locking with the cap connector), the inlet
connector 1710 {e.g., cap connector; which, in some embodiments, contains corresponding
cavities, grooves, keyways, or slots to match with the unique differentiating tabs, protrusions,
or features on the pre-fitted collar and a capture mechanism to lock with the features on the
pre-fitted collar), inlet connector cover 1730 {e g., secondary cap, threaded coaxial cap, etc;
that, in some embodiments, can shide up and down the tubing, and that fits over the cap
connector and threads mto the pump housing}, the needle 326 (which, in some embodiments,
15 overmolded, bonded, press-fitted, glued, solvent bonded, msert molded, or otherwise
attached to the cap connector), and tubing 320 (that, in some embodiments, is overmolded,
bonded, press-fitted, glued, solvent bonded, insert molded, or otherwise attached to both the
cap connector,). As shown wn Figures 55A-C and as described with respect to other
embodiments herein, in some embodiments, the second channel 320 comprises a second
piercing element 326 (e.g., 3 needle, cannula, etc} configured to insert nto a second
medicament reservoir 520 that couples to the mlet connector 1710, In some embodiments,
the needle 326 pierces a reservoir septum 524 located within an mternal reservoir cover 1750
on the medicament reservoir 520 by insertion through the pairing projection 1712, In some
embodiments, the second reservoir 520 has a second plunger 522 adapted to be depressed by
a piston of an infusion pump. In some embodiments, the needle 15 overmolded, bonded,
press-fitted, glued, solvent bonded, insert molded, or otherwise attached to the inside of the
inlet connector 1710. In some embodiments, the hollow needle is recessed within the cap
connector so as to be touch-proof. In this embodiment, the needle of Figure 55 has pierced

the septum over the reservorr 520,
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[6311] In some embodiments, as shown in Figures 56A-C and as described with
respect to other embodiments herein, an inlet connector cover 1730 (e.g., secondary cap, etc.}
can be configured to interact with the ilet connector 1710 via the pairing projection 1712, In
certain variants, the cover 1730 1s molded and permanently attached to a fluid conduit 320
In some embodiments, tubing 320 can be overmolded, bonded, press-fitted, glued, solvent
bonded, insert molded, or otherwise attached to the cap connector and to the hollow needle in
such a way as to allow a patent and continuous fluid path through the hollow needle, the cap
connector, and the tubing. In some embodiments, the cover 1730 and the fluid condwt 320
are reversibly attachable. In some embodiments, as shown in Figure 568, the inlet connector
cover 1730 1s freely movable along the fluid conduit 320. In some embodiments, a needle
326 1s molded to the pairing projection 1712 and fixed there. In some embodiments, the inlet
connector cover 1730 1s heat staked to the mlet connector 1710 via the pairing projection
1712, In some embodiments, the fluid conduit 15 able to freely rotate within the nlet
connector and cover, which, as discussed above, helps avoid kinking of the fluid conduit. In
certain variants, the inlet connector cover 1730 and the inlet connector are separated by a
compressible O-ring. This O-ring allows the cover and connector to be tightly coupled to seal
them together. In some embodiments, a compressible O-ring (similar to that described above
as 415) resides around the first inlet connector cover (similar to that described above as 430)
threads to facilitate tight connection to the fusion pump via the external threads.

[0312] In certain varitants, the cover 1730 comprises external engagement
implements 1734 (e.g., external threads, ribbing, etc ) configured to specifically interact with
and engage only mated receptacles on an infusion pump housing. In some embodiments, the
cover 1730 comprises a pawing aperture 1732 configured to engage with the pairing
projection 1712 In some embodiments, the cover 1730 comprises a pairing aperture 1732
that 1s configured to not engage with a non-mated pairing projection.

[0313] As shown m Figures 56A-C, in certain unplementations, the inlet
connector 1710 1s configured to interact with the medicament reservoir 520. In some
embodiments, to be inserted properly within the inlet connector 1710, the reservoir must be
fitted with a collar 1700, In some embodiments, as described above, the projections of the
collar can be configured to only iteract with an appropriate inlet connector 1710, In some

embodiments, collars can be matched to specific size and diameter reservoirs. In some
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embodiments, the collars for these different reservoirs can interact with only certamn
reservoirs, thereby nummizing chances of mischanneling. In other embodiments, reservoirs
that are the same can be used and nuschanneling can be prevented by the selection of an
appropriate coliar. In some embodiments, the collars can be color coded to match reservoirs,
mlets, and other components of the system to further prevent and/or discourage
mischanneling,

(6314} In some embodiments, the components of Figures 55A-C and 56A-C
could be used in the housings simiar to those shown in Figures 43A-B.

[0315] In some embodiments, as shown above, the medicament infusion system
comprises an inlet system. In some embodiments, the inlet system comprises a connector set.
In some embodiments, the connector set 15 configured (e.g., has pairing features) that prevent
mischanneling of medicaments. Figures 37A-B show 1sometric views of a connector set 2000
comprising a first inlet connector 2010 and a second inlet connector 2110 adapted to prevent
mischanneling. Figures 57A-B show two embodiments in which different needle connectors
2010, 2110 (e.g., the inlet connector), have umque differentiating guiding elements 2018,
2118 {eg., tabs, features, or protrusions), separated by 180 degrees (Figure 57A) and 120
degrees (Figure 578). In some embodiments, these unique differentiating guiding elements
2018, 2118 {e.g., tabs, features, or protrusions) mate uniquely with corresponding guiding
element apertures 681, 682 (e.g., cavities, grooves, keyways, or slots) o the pump housing
680 of a pump 651 (as shown n Figures 59A-B) such that msertion of an inlet connector
2010, into the wrong pump receptacle 670 (e.g., chamber) 1s prevented. As shown in Figure
57C, a cross-sectional view of the needle connector assembly, in some embodiments, the
mlet connector 2210 lacks umgue differentiating tabs, features, or protrusions.

[6316] In some embodiments, as shown in Figures 57A-B, the mlet connectors
2010, 2110 can have mlet connector spacers 2036, 2136 {e.g., rehef shts) In some
embodiments, the connector spacers allow the inlet connector to expand (e.g., over a vial to
snap tight around the vial) and/or to contract (e.g., to snap into a pump receptacle). In some
embodiments the mlet connectors 2010, 2110 comprise projection mates 2066, 2166 (e.g.,
capture- and-locking features) to facilitate interaction with a medicament cartridge {shown in

Figures 58A-C),
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(6317} In some embodiments, as shown in Figures 57A-C, tubing 301 s
ndividually affixed (e.g., overmolded, bonded, press-fitted, glued, solvent bonded, insert
molded, or otherwise attached} to individual inlet connectors 2010, 2110, 2210. In some
embodiments, tubing 301 {e.g, channels, or other flud conduits} connects to separate
plercing elements 316, 326, 336 (e.g., a straight, beveled, hollow, stainless steel needle) n
such a way as to allow a closed, independent, patent, and continucus fluid path from a
medicament vial through piercing elements 316, 326, 336, mnlet connectors 2010, 2110, 2210
and/or tubes 301 and on to an fusion set. In some embodiments, the piercing elements 316,
326, 336 can be recessed within the inlet connectors 2010, 2110, 2210 s0 as to be touch-
proof {e.g., preventing the piercing element from pricking a user as the inlet connector s
manipulated). In some embodiments, as shown in Figures 57A-C, the inlet systems comprise
inlet connector covers 2030, 2136, 2230, In some embodiments, the inlet connector covers
2030, 2130, 2230 engage the inlet connectors 2010, 2110, 2210 via a pauing projection
2012, 2112, 2212. In some embodiments, the pairing projections comprise one or more
features {e.g., tabs, slits, projections, etc.} that enable covers to engage only with paired inlet
connectors {not shown). In some embodiments, as shown mn Figures 37A-C, the wnlet
connector covers 2030, 2130, 2230 (e.g., caps) can comprise a tightening feature 2031, 2131,
2231 {e.g., threads, friction pairings, etc.) that allows them to be affixed into a pump
receptacle. In some embodiments, the connector cap/cover 2030, 2130, 2230 1s freely
rotatable around the tubing 301, In some embodiments, the cap 2030, 2130, 2230 can shde
up and down the tubing 301 and can be used to secure the cartridge {e.g., vial, medicament
reservoir) and needle connector {g.g., inlet connector) sub-assembly to a2 pump housing
{(shown i Figures 59B).

16318} in some embodiments, an mlet connector, such as the ones shown m
Figures 57A-61C, has relief slits on the sides, which allow it to expand slightly as it is
pressed over the aluminum crimp seal around the head {(or crown) of a medicament-filled
cartridge, and a capture-and-locking feature, which snaps into place by engaging the
underside of the aluminum crimp seal and simultaneously interlocking and securely fastening
the needie connector with the aluminum crimp seal around the head (or crown) of the

cartridge. In some embodiments, once fastened, the cartnidge and needle connector
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subassembly can then be inserted and fastened into a pump housing 680 (as in Figures 59A-
B).

(6319} In some embodiments, as shown in Figures 57A-B, the inlet connector
systema 2001, 2002 can comprise a gasket feature 2038, 2138 (eg, an O-ring, or
compressible feature) located around (e.g., around the periphery, external circumference,
etc.} of an inlet connector cover 2030, 2130 or other inlet connector system feature. In some
embodiments, the O-ring allows the connector cap 2030, 2130 to be securely fastened to the
pump 651 such that the medicament vials have little or no movement when inserted into the
purnp 651 via the receptacles 660, 670 and tightened there using the tighterung features 2031,
2131, 2231 Even though the medicament receptacles can be isolated from the rest of the
pump housing, the O-ring also reduces (e.g., minimizes, lowers, etc.} fhud ingress into the
medicament receptacle such that consequent pump damage 13 minimized.

(0320} Figures 58A-C show various components and isometric views of {A)
individual components that could be used in a cartridge and needle connector assembly, {B)
the sub-assemblies that would be used n such an embodiment, and (C) the fully connected
cartridge and needle connector assembly. To form the cariridge sub-assembly, a seal 536
{e.g., an aluminum crimp seal, etc.), wraps around the cartridge septum 534 and the head 532
{or crown) of the cartridge body 531, In some embodiments, the seal 536 and septum 534 can
be used to create a sterile barrier and fluid seal on one end of the medicament reservowr 530,

[0321] In some embodiments, an elastomeric plunger 550 creates a sterile barrier
and fluid seal on the other end of the cartridge 530. In some embodiments, the elastomeric
plunger 550 has a receptacle 552 that captures {e.g., through threading, friction, etc.} an
insert 560 {e.g., a ferrous msert). In some embodiuents, as shown, the insert 560 s threaded
to correspond and engage patred threads on the plunger 550. In some embodiments, the insert
560 could be used with a coupled piston {e.g., magnetically coupled) to prevent accidental
medicament delivery caused by nadvertent separation of the piston from the elastomeric
plunger 550, In some embodiments, this ferrous insert could facilitate magnetic coupling
between a magnet at the end of the drive nut in a pump chamber and the elastomeric plunger
such that it would prevent madvertent departure or lift-off of the elastomeric plunger from
the drive nut as in the case of ununtentional medicament delivery caused by gravitationally

induced changes in hydrostatic pressure between the patient and the infusion system, or any
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other changes in hydrostatic pressure that might arise between the patient and the nfusion
system. In some embodiments, the ferrous insert could be connected to the elastomeric
plunger by means of a snug-fit or snap-fit.

[6322] In some embodiments, the inlet connector 2110 (1.¢e., needle connector} by
virtue of us relief shits 2136 can expand around the head 332 (or crown) of the cartridge
fitted with the crimp seal 536 allowing its capture-and-locking features/projection mate 2066
to snap mnto place by engaging the underside of the aluminum crimp seal 536 and
simultaneously interlocking and securely fastening the inlet connector 2110 with the
aluminum crimp seal 536, The cartridge and needle connector sub-assembly can be inserted
into a pump housing and the threaded coaxial cap 2030 which 1s free to slide along the tubing
301, shown in Figure 58C, is used to fasten the sub-assembly to the pump housing, with the
O-ring 2038 protecting the pump chamber from external fluid (shown m Figures 59A-B).

[0323] As discussed above, Figures 59A-B are an illustration of one type of pump
housing 680 that could be used with medicament cartridges and the needle connector
assemiblies (shown 1 Figures S7A-38C) showing the reservoir and inlet connector sub-
assemblies (in Figure 59A) partially loaded mto the pump housing 680 and fully loaded into
the pump housing 580 with the threaded coaxial caps 2030, 2130 completely screwed into
the pump housing 580. In some embodiments, the pump 651 has a display 652 that can
provide digital feedback to the user regarding, for example, blood glucose levels, remaming
medicament amounts, battery life, etc.

6324} Figures 60A-B provide isometric views showing an embodiment with two
cartridges and needle connector assemblies. In some embodiments, as shown in Figures 60A-
B, the first medicament reservoir 530 has a larger outer diameter (OD) and a larger inner
diameter (I} than the second medicament reservorr 570 outer diameter (OD7) and inner
diameter (ID7), respectively. In some embodiments, the inlet connector 2310 has skirt
features. When used with the smaller diameter cartridge 570, the inlet connector 2310 has
skart features 2320 that extend past the shoulder of the cartridge and hug the smaller diameter
cartridge wall/body 571 closely. In some embodiments, accidental attempis to connect such
an inlet connector 2310 with skirt features 2320 to a cartridge whose outer diameter is larger
than that of the mtended cartridge would be halted by the skirt features 2320 such that the

capture-and-locking features {e.g., projection mate 2366) of the inlet connector 2310 would
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not be able to snap into place or engage the underside of the alummum crimp seal 536 of the
first medicament reservorr 330 {shown in Figures S8A-B) and the straight, beveled, hollow,
stainless steel needle of the inlet connector 2310 {not shown} would not penetrate the
cartridge septum 534 (shown in Figure 58A} of the larger diameter cartridge 530, In this
way, nus-connection of a needle connector 2310 1o a cartridge with a larger diameter than the
mtended cartridge is prevented (not shown). Furthermore, the pump housing can be designed
such that the cartridge 530 with a larger diameter 15 unable to fit into the pump
chamber/receptacle intended for the smaller diameter cartridge. Whereas the two pump
chambers/receptacies shown in Figure 59A are of the same diameter and the two cartridges
shown in Figure S9A are of the same diameter, the pump chambers/receptacles could be of
different diameters to accommodate cartridges having different diameters. This could be
achieved either with different diameter sleeve mserts within the pump chambers/receptacies
or different chamber/receptacle bore diameters. In some embodiments, the drive nut on the
lead screw inside the pump chamber intended for the larger diameter cartridge cannot fit into
the lumen of the smaller diameter cartridge 570 (not shown) because the internal diameter
D7 15 smaller than the drive nut. In this way, delivery of fluid when a cartridge 1s loaded into
the wrong pump chamber is prevented.

[6325] In some embodiments involving two medicaments, the cartridge (cartridge
A) containing one medicament {medicament A} has larger internal and external diameters
than the corresponding diameters of the other cartridge {(cartridge B) containing the other
medicament {(medicament B} {as shown in Figures 60A-B), such that cartridge A containing
medicament A will not fit into the pump chamber intended for cartridge B containing
medicament B, and the drive nut at the end of the lead screw in the pump chamber intended
for medicament A 15 too large to it into cartridge B containing medicament B.

[8326] In some embodiments involving two medicaments, the needle connector
mtended for cartridge B contains a skirt feature 2320 {as shown in Fig. 60B) that prevents the
needle connector intended for cartridge B from penetrating and/or capturing cartridge A if
the needle connector intended for cartridge B is accidentally placed on cartridge A.

[6327] In some embodiments involving two medicaments, the diameter of the
aluminum crunp seal around the crown of one cartridge 1s identical to that of the other

cartridge, but the height of the alummum crimp seal around the crown of cartridge B is
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greater than that of cartridge A, such that the capture-and-locking feature 2366 within the
needle connector 2310 intended for cartridge A will not be engaged if the needle connector
mtended for cartridge A 1s accidentally placed on cartridge B (not shown}.

6328} In some embodiments, as shown i Figures 57A-60B, the needle
connector 2010, 2110, 2210, 2310 has any number of unique differentiating tabs, features, or
protrustons, as shown in embodiments, which would allow insertion into the pump chamber
of a pump housing that contains corresponding cavities, grooves, keyways, or slots to match
with the unique differentiating tabs, features, or protrusions on the needle connector. In this
way, only one type of needle connector can be mnserted uniquely into one particular pump
chamber. Alternatively, the needle connector might contain any number of cavities, grooves,
keyways, or slots {not shown} that uniquely mate with tabs, features, or protrusions in the
purnp chamber of a pump housing.

[0329] in some embodiments (as shown 1n Figures 57A-60B), a straight, beveled,
hollow, stainless steel needle s overmolded, bonded, press-fitted, glued, solvent bonded,
msert molded, or otherwise attached to the inside of the needle connector 2010, 2110, 2210,
2310 and tubing 301 i3 overmolded, bonded, press-fitted, glued, solvent bonded, nsert
molded, or otherwise attached to the needle connector 2010, 2110, 2210, 2310 and to the
stratght, beveled, hollow, stainless steel needle in such a way as to allow a closed,
mdependent, patent, and continucus flud path through the straight, beveled, hollow, stainless
steel needle, the needle connector, and the tubing. In some embodiments, the straight,
beveled, hollow, stainless steel needle is recessed within the needle connector 2010, 2110,
2210, 2310 so as to be touch-proof.

[0330] In some embodiments, the tubing 301 passes through a threaded coaxial
cap 2030, 2130, 2230, 2330, which s free to shide up and down the threaded coaxial cap and
thread into a pump housing.

(0331} In some embodiments, the fully assembled cartridge assembly, comprising
a cartridge, needle connector, and tubing system (consisting of a straight, beveled, hollow,
stainless steel needle, a cartridge fastened to the needle connector with a capture-and-locking
feature, tubing, and a threaded coaxial cap, as shown in Figures 58A-60B), mserts into a
pump chamber of a pump housing that contains corresponding cavities, grooves, keyways, or
slots to match the unique differentiating tabs, features, or protrusions on the needle
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connector. The threaded coaxial cap then screws mto threads in the pump housing, as shown
n Figures 59A-B.

[0332] In some embodiments, a medicament reservoir filling system is provided,
as shown in Figures 61A-B. Figure 61 A shows a rotated isometric view of a cartridge filling
apparatus sub-assembly used to fill a medicament cartridge at the point of care. Figure 61B
shows a fillable cartridge assembly after the filling apparatus has been connected. Figure 61C
shows a fillable cartridge after the filling apparatus has been removed. In some embodiments,
as shown, a fillable cartridge body 530, would be supplied and pre-assembled with the
cartridge septurn 534 (shown in Figure S8A), the aluminum crimp seal 536 and the
elastomeric plunger 550 with its threaded receptacle for a ferrous insert 5352 exposed. In
some embodiments, a needle transfer hub 590 contaming a single needle 595 (with two
beveled tips or two needles, each with a single beveled tip) would be attached to its needle
guard 594 and provided along with the fillable cartridge 530. In some embodiments, a
pushrod 590 would be attached to a threaded ferrous insert 561 by way of a breakable joint
or threads and provided along with the fillable cartridge 530. In some embodiments, at the
point of care (or at a site where filling 15 appropriate), the pushrod 590 would be used to
thread (via an attaching feature 5617) the threaded ferrous insert 561 into the threaded
receptacie for a ferrous insert 552 present within the elastomeric plunger 550, In some
embodiments, the needle transfer hub 596 would then be connected to the cartridge 530 such
that the touch-proof needle or needle tip (not shown) within the needle transter hub 596
would pierce the cartridge septum (shown in Figure 58A), after which the needle guard 594
would be removed to reveal the needle or needle tip 595 designed to pierce the septum of the
vial. The needle or needle tip designed to pierce the septum of the vial would then be inserted
mnto a medicament vial (not shown), and the pushrod 590 would be used to fill the cartridge
body 530 with the medicament {e.g., by inserting the needle 595 into a bulk medicament and
depressing the plunger 550 into and back out of the medicament reservoir 530}, After filling
the cartridge 530, the needle transfer hub 596 and the pushrod 590 would be removed,
revealing the threaded receptacle for a pushrod, or breakable joint remnant, and leaving the
threaded ferrous insert 561 embedded within the elastomeric plunger 550 by virtue of iis

thread-tocking barb 5617, Such a cartridge that 15 filled at the point of care could then be
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attached to a needle connector assembly {as in Figures 58A-C) and loaded into a pump
housing {as in Figures S9A-B).

[8333] In some embodiments that utilize a needle transfer hub to transfer
medicament from a vial to the cartridge, as in Figure 61, a straight, beveled, hollow, stainless
steel needle 18 overmolded, bonded, press-fitied, glued, solvent bonded, insert molded, or
otherwise attached to the needle transfer hub in such a way as to allow a closed, independent,
patent, and continuous fluid path through the straight, beveled, hollow, stainless steel needle.
In some embodiments, the straight, beveled, hollow, stammless steel needle 1s beveled at both
uips, where one tip would be designed to pierce the septum of the cartridge and the other tip
would be designed to pierce the septum of the vial. In some embodiments, the tip that is
designed to pierce the septum of the cartridge 1s recessed within the needle transfer hub so as
to be touch-proof and the tip that is designed to pierce the septum of the vial can be
concealed and protected by a needle guard which would be removed at the point of care
hefore piercing the septum of the vial

[6334] In some embodiments that utilize a needle transfer hub to transfer
medicament from a vial to the cartridge, two separate, straight, beveled, hollow, stainless
steel needles are overmolded, bonded, press-fitted, glued, solvent bonded, insert molded, or
otherwise attached to the needle transfer hub in such a way as to allow a closed, independent,
patent, and continuous fluid path through the straight, beveled, hollow, stainless steel
needles. In some embodiments, each straight, beveled, hollow, stainless steel needle would
be beveled only on one tip, where the beveled tip of one needle would be designed to pierce
the septum of the cartridge and the beveled tip of the other needle would be designed to
perce the septum of the vial In some embodiments, the tip that i1s designed to pierce the
septum of the cartridge is recessed within the needle transfer hub so as to be touch-proof and
the tip that is designed to pierce the septum of the vial can be concealed and protected by a
needle guard which is to be removed at the point of care before piercing the septum of the
vial. Alternatively, in some embodiments, the tip that 15 designed to pierce the septum of the
vial can also be recessed 50 as to be touch-proof and a needle guard may not be supplied.

6335} In some embodiments, tnvolving two medicaments, mischanneling of
medicaments can still be avoided if cartridge B s pre-filled with one medicament and

cartridge A is filled at the point of care with a different medicament (using the embodiment
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described in Figures 61A-(). In some embodiments, as long as only one cartridge needs to be
filled with one medicament at the point of care, and the other cariridge 1s pre-filled with
another medicament, the designs described here can prevent medicament mischanneling. In
some embodiments involving two medicaments, both cartridge A and cariridge B are pre-
filled with medicament A and medicament B, respectively. In some embodiments mvolving
two medicaments, cartridge A 1s filled at the point of care with medicament A and cartridge
B 1s pre-filled with medicament B.

[6336] In some embodiments, the same dual-medicament infusion systern could
use identical needle sites, connectors, tubes, and cartridges 1o the configuration where both
cartridge A is pre-filled with medicament A and cartridge B is pre-filled with medicament B,
as in the configuration where cartridge A 1s filled at the point of care with medicament A and
cartridge B 1s pre-filled with medicament B (or vice versa}.

(6337} in some embodiments (as in Figures 61 A-C) that require one cartridge to
be filled at the point of care, medicament is transferred from a wvial contaming the
medicament nto the cartridge by way of a needle transfer hub and a pushrod that 1s
connected to the elastomeric plunger residing in the cartridge by way of a breakable joint or
threads such that the pushrod can be disconnected and discarded (or reused) upon completion
of the filling procedure.

10338} In some embodiments {(as in Figures 61A-C) mvolving a cartridge
containing a ferrous insert, the pushrod can be connected directly to the ferrous nsert by
means of a breakable joint or threads. Upon completion of the filling procedure, the pushrod
can be disconnected and discarded {or reused), leaving the ferrous insert embedded within
the elastomeric plunger. In some embodiments, in the case of a threaded connection between
the ferrous insert and the pushrod, the threads on the ferrous insert could have a uni-
directional burred surface (as n Figures 62A-F) that would allow it to easily thread into the
elastomeric plunger, but would resist being threaded out of the elastomeric plunger. Whereas
the threads on the pushrod would be smooth, and would not contain such a uni-directional
burred surface, it would thread into and out of the ferrous insert easily, and without the
ferrous mnsert threading out of the elastomeric plunger once the ferrous insert 15 fully

threaded into the elastomeric plunger.
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[6339] In some embodiments, as shown in figure 624, a front view of the
threaded ferrous insert 561, the msert 561 has a thread-locking barb 3617, An isometric view
of the threaded ferrous insert 561 is shown in Figure 62B with a threaded receptacle for a
pushrod 5617 and Figure 62C shows an embodiment 560 without a threaded receptacle for a
pushrod. Figure 62D 15 a front view of the snug-fit metal mnsert 563 showing a thread-
locking barb 563°. Figure 62E is an isometric view of the snug-fit metal insert 563, Figure
62F shows a threaded receptacle 563" for a pushrod. Figure 62F shows an embodiment of a
snug-fit nsert 562 without a threaded receptacle for a pushrod. In some embodiments, the
ferrous nsert that is used to facilitate magnetic coupling between a magnet at the end of the
drive nut in a pump chamber and the elastomeric plunger could be attached to the elastomeric
plunger by way of threads {as in A, B, and C) or by way of snug-fit or snap-fit {(as in B, E,
and F). Regardless of the method of attachment to the elastomeric plunger, the ferrous insert
could have a threaded receptacle for a pushrod (a5 in B and E). In some embodiments, n
cases where a threaded receptacle for a pushrod is present, a pushrod could be pre-assembled
with the ferrous insert. This sub-assembly could then be attached to the elastomeric plunger,
either by way of threads, snug-fit, or snap-fit, and the pushrod could be used to fill an empty
medicament cartridge. Upon filling the medicament cartridge, the pushrod could be detached
from the ferrous insert while leaving the ferrous mnsert embedded within the elastomeric
plunger {as in Figure 61C). The metal insert may have thread-locking barbs to prevent the
metal msert from backing out or rotating with the pushrod as the latter 15 being removed.

6340} In some embodiments that utilize a needle transfer hub to transfer
medicament from a vial to the cartridge, the body of the needle transfer hub could be
manufactured from the same mold as the needle connector, except without the capture-and-
locking feature as the needle transfer hub would need to be removed from the cartridge upon
completing the filling procedure, whereas the needle connector would permanently capture
the cartridge and would be disposed of along with the cartridge once the cartridge was
emptied of its dehiverable contents. Alternatively, the body of the needle transfer hub could
be manufactured such that a weak capture and locking mechanism prevents the transfer hub
from madvertently pulling off the cartridge but can be overcome by intentional application of

force.
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6341} In some embodiments wvolving a single medicament or multiple
medicaments, the inlet end of each tubing is overmolded, bonded, press-fitted, glued, solvent
bonded, insert molded, or otherwise attached to a needle connector (e.g., the inlet connector)
and the outlet end of each tubing 15 overmolded, bonded, press-fitted, glued, solvent bonded,
msert molded, or otherwise attached together with an infusion site and a cannula that delivers
the medicament or medicaments to the delivery area {eg., dehivery transdermally,
intradermally, subcutaneously, intramuscularly, intravenously, gtc.).

[06342] In some embodiments nvolving a single medicament or multiple
medicaments, the inlet end of each tubing is overmolded, bonded, press-fitted, glued, solvent
bonded, nsert molded, or otherwise attached to a needle connector {(as in Figures 57A-60B)
and the outlet end of each tubing 1s overmolded, bonded, press-fitted, glued, solvent bonded,
msert molded, or otherwise attached to a straight, beveled, hollow, stainless steel needle and
a component designed to connect to a subcutaneous or intradermal infusion site base (as in
the dual-medicament infuston stie connectors iy Figures 64, 65, and 69, and the single-
medicament infusion site connectors in Figures 67 and 68). For each medicament, this
arrangement creates a closed, independent, patent, and continuous fluid path from the
medicament reservoir to the end of the straight, beveled, hollow, stainless steel needle in the
site connector. In some embodiments, each site connector can be physically independent and
can connect to or disconnect from an infusion site base repeatedly.

[0343] Figures 03A-B are isometric views showing a portion of a dual-
medicament infusion set. Figure 63A shows an embodiment of a dual-medicament site base
inserter 2426 attached. In Figure 63B the dual-medicament site base inserter 2426 has been
removed. In some embodiments involving two medicaments, the dual-medicament site base
inserter 2426 couples two disjoint halves: the right site base 2424 {e.g., the first base, the
glucagon base, etc.}, and the left site base 2525 {e.g., the second base, the insulin base, etc.).
In some embodiments, the inserter 2426 provides a handle for the application of the dual-
medicament infusion site base 2401. In some embodiments, the base 2401 includes one or
more needle guards 2429, 2529, In some embodiments, the mfusion set base 2401 comprises
one or more release liners 2428, 2528 In some embodiments, the mfusion set base 2401
comprises an adhesive 2427, 2527 (e.g., a tape, gel, rubber adhesive, etc.). In some

embodiments, once the two needle guards 2429, 2529 and the two release liners 2428, 2528
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have been removed and discarded, the dual-medicament site base mserter 2426, can be used
to apply the dual-medicament infusion set base 2401, In some embodiments, the adhesive
tape 2427, 2527 can be used to adhere the dual-medicament infusion set 2401 to the surface
of the skin. In some embodimenis, after insertion, the dual-medicament site base inserier
2426 15 disposable and is removed by activating the two hving hinges 2436, 2536 and shding
the dual-medicament site base wserter 2426 out of the retention slots 2430, 2530 (shown
Figure 65B) to reveal the two posts 2431, 2531 that are now ready to accept site connectors
(see Figures 64A-B}. In some embodiments, as shown in Figure 63B, the posts 2431, 2531
are asymmetric. In some embodiments, the mfusion set nserter 2426 is reusable and can be
reattached to the site bases 2424, 2525.

[0344] In some embodiments, the infusion set includes a connector cover 2434,
Figure 64A 15 an 1sometric view showing the dual-medicament infusion site connectors 2432,
2533 with a dual- medicament site connector cover 2434 attached. Figure 64B shows the
dual-medicament infusion site connectors after the dual-medicament site connector cover
2434 has been removed. In some embodiments, the dual-medicament site connecior cover
2434 couples the two disjoint halves: the first site connector 2432, and the second site
connector 2533, In some embodiments, the site connector cover 2434 protects the site
connectors 2432, 2533 from exposure {e.g., to dust, dirt, abrasion, physical damage, etc.)
when they are not connected to the dual-medicament infusion site base 2401 (shown mn
Figure 63B) In some emboduments, the second site connector 2533 can be disconnected
from the dual-medicament site connector cover 2434 by activating the living hinge 2536 to
release the retention chip 2535 and then shiding the second site connector 2533 out of the
retention slot 2530 (shown in Figure 65B). Disconnection of the second site connector 2533
from the dual-medicament site connector cover 2434 reveals the alignment posts 2539 and
the asymmetric post receptacle 2538 which mate with corresponding features on the left site
base 2525 (shown in Figure 63B). The same procedure can be used to disconnect the first site
connector 2432 from the dual-medicament site connector cover 2434, using corresponding
features that are identifiable by enumerations that are identical in theu last two digits {e.g,,
2436 corresponds to 2336}, except for the site connectors themselves, whose analogous

enumerations are 2432 and 2533, The order of disconnection from the dual-medicament site
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connector cover 2434 and reconnection to the dual-medicament infusion site set base 2401 1s
arbitrary.

[8345] Figure 65A shows an 1sometric view of the complete dual-medicament
mwfusion set 2400 mncluding the dual- medicament infusion site base 2401 (from Figure 63B)
assembled with the dual-medicament infusion site convectors (from Figure 64B). In some
embodiments, as shown, the infusion set comprises a first infusion assembly comprising a
first base and a first connector and a second infusion assembly comprising a second base and
a second connector. In some embodiments, having the bases separate prevents needle pull in
a system where both needles are fixed to a single base. In some embodiments, this feature
increases comfort when the infusion set is placed on an area where movement, pulling, and
discomfort can occur. Figure 65B shows a cross-sectional view revealing the mternal
components of the dual-medicament infusion set 2400, In some embodiments, after
connection of the first site connector 2432 and the second site connector 2533, to the first site
base 2424 and the left site base 2525, respectively, two closed, independent, patent, and
continsous fluid paths are created. In some embodiments, the fhud paths terminate at 90
degree, beveled, hollow, piercing members 2442, 2542 (stainless steel needles) In some
embodiments, each fluid path can begin in many types of connections to a fluid reservorr
such as luer locks or custom cartridge connectors that eventually communicate with the
fumen of the tubing 301 which 1s bonded together with a straight, beveled, hollow, stainless
steel needle 2440, 2540 and an mfusion site connector 2432, 2533, respectively. In some
embodiments, upon connecting an infusion site connector(s) to an infusion site base(s), the
straight, beveled, hollow, stainless steel needle 2440, 2540 pierces a site base septum 2441,
2541 respectively, allowing fluid to be pushed through the 90 degree, beveled, hollow,
stainless steel needle 2442, 2542 for delivery to the patient. In some embodiments, lettering
{or other visual indicators) 2450, 2550 are present on the mfusion set 2400 In some
embodiments, for example as shown in Figure 65A, the mdicators 2442, 2542 provide
converience to a user, though, 1 some embodiments, nus-connection of components 1s stil
mechanically prevented. In some embodiments, as shown, the indicators can be partial
letters, with one portion on a base unit 2424 {(e.g., a site base} and the other on a site
connector 2432, In some embodiments, when the site base and site connector are properly

connected, the mdicators provide a completed letter {e.g, “T” and “G”)  In some
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embodiments, when 1mproperly connected, the indicators do not provide a compete letter
{e.g., a mismatched letter), signaling visually to the user that the connector has been
misplaced. In some embodiments, the 90 degree, beveled, hollow, stainless steel needle
2442, 2542 is placed in the site base using a sub-assembly consisting of itself, a soft
durometer tube 2451, 2551 and the site base septum 2441, 2541 which 13 then secured with a
plug that can be affixed to the site base with adhesive, snap-fit, or one-way capture-and-
locking features (not shown).

[6346] Figure 66A 15 an isometric view showing the first site base 2424 (also
shown i Figure 63B), as it would be used in the single-medicament configuration. In some
embodiments, a first site base inserter 2443 can be attached as shown. Figure 66B shows the
first base 2424 after the first site base inserter 2443 has been removed In some
embodiments, the first site base mserter 2443 provides a handle for the application of the
single-medicament infusion site base 2424, In some embodiments, after insertion, the first
site base inserter 2443 i1s removed by activating the hiving hinge 2436 and shiding the right
site base inserter 2443 out of the retention slot, 2430 (shown in Figure 68B), to reveal the
asymmetric post, 2431 that is now ready to accept a site connector 2432 (see Figures 67A-
B). Although only the first half of the dual-medicament mfusion site base 2401 (shown in
Fig. 63B) is shown, the second half 2433 could also be used in a single-medicament
configuration. In some embodiments, the second half 2433 could be attached using the same
strategy as for the first half 2432, but with components having uniguely pairing features,
hinges, etc.

[68347] Figure 67A shows an tsometric view of the first site connector 2432
{shown m Figures 64A-B), as it would be used in the single-medicament configuration, with
the first site connector cover 2446, Figure 678 shows the first site connector 2432 after the
first site connector cover 2446 has been removed. In some embodiments, the first site
connector cover 2446 protects the first site connector 2432 from exposure {e.g., to dirt,
grime, debris, physical damage from bumps, etc) and can be removed by activating the
living hinge 2436, to release the retention chip 2435 and then shding the first site connector
2432 out of the retention slot 2430 (shown in Figure 68B}. In some embodiments,
disconnection of the first site connector 2432 from the first site connector cover 2446 reveals

the alignment post 2439 and the asymmetric post receptacle 2438, which mate with
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corresponding features on the first site base 2424 (shown in Figures 66A-B). Although this
depiction describes only the first half of the dual-medicament nfusion site connectors
{shown in Figures 64A-B), the second half could also be used in a single-medicament
configuration with similarly numbered features.

[0348] Figure 68A shows an isometric view of the complete single-medicament
mfusion set 24007 including the single-medicament infusion site base 2424 assembled with
the single-medicament infusion site connector 2432 Figure 68B shows a cross-sectional
view revealing the internal components of the single-medicament mfusion set 24007, In some
embodunents, after connection of the first site connector 2432 to the first site base 2424, a
closed, independent, patent, and continuous fluid path is created. In some embodiments, the
closed fhud path terminates in a 90 degree piercing member, 2442 {e.g., a beveled, hollow,
stainless steel needle). In some embodiments, the fluid path can begin 10 many types of
connections to a fluid reservowr such as luer locks or custom cartridge connectors that
eventually communicate with the lumen of the tubing 301, In some embodiments, the tubing
301 is bonded together with a straight piercing element 2440 (e.g., a beveled, hollow,
stainless steel needle) and, n this depiction, the first site connector 2432, In some
embodiments, upon connecting the first site connector 2432 to the right site base 2424, the
stratght, beveled, hollow, stainless steel needle 2440 pierces the site base septum 2441,
aliowing fluid to be pushed through the 90 degree, beveled, holiow, stainless steel needle
2442, for delivery to the patient. In some embodiments, although this depiction 15 analogous
only to the first half of the dual-medicament infusion set (shown in Figures 65A-B), the
second half of the infusion set (e.g., the left half} could also be used in a single-medicament
configuration. In some embodiments, lettering or other visual indicators 2450, 2550 are
present and provide convenience to a user. In some embodiments, beside the wvisual
indicators, mis-connection of components is still mechanically prevented. In some
embodiments, the 90 degree, beveled, hollow, stainless steel needle 2442 1s placed into the
site base using a sub-assembly consisting of 1tself, a soft durometer tube 2451 and the site
base septum 2441 which 5 then secured with a plug that can be affixed to the site base with
adhestve, snap-fit, or one-way capture-and-locking features {not shown).

[6349] Figures 69A-E show isometric views of embodiments of a dual-

medicament nfusion set. Figure 69A with the right site base 2424, connected to a right site
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base cover 2444, Figure 69B shows the second site base 2525 connected to a second site base
cover 2545, Figure 69C shows the first site connector 2432 connected to a first site connector
cover 2446. Figure 69D shows the second (left) site connector 2533 connected to a second
(left} site connector cover 2547, Figure 69E shows the dual-medicament infusion stte base
2401 connected to a dual-medicament site base cover 2448, In some embodiments, when an
mdividual site connector must be replaced, it can be disconnected from its site base and a site
base cover can be temporarily connected to the site base thereby protecting it from exposure
(as in A and B) until the site connector can be replaced. In some embodiments, it both site
connectors are removed together, a dual-medicament site base cover 2448 can be connected
temporarily to both site bases to protect them from exposure until the site connectors can be
replaced (as in E}. In some embodiments, when any individual site base must be replaced, it
can be disconnected from s site connector and a site connector cover is temporanly
connected to the site connector thereby protecting it from exposure {(as in C and D) until the
site base can be replaced. In some embodiments, if both site bases are removed together, a
dual-medicament site connector cover can be connected temporarily to both site connectors
to protect them from exposure until the site bases can be replaced {as in Figure 644). A
single~-medicament embodiment could operate 1n the same manner as the right site half of A
and C or the left site half of B and D.

[6350] In some embodiments, a single-medicament implementation of the
mfusion system that infuses only medicament A can use one of the two single-medicament
infusion site connectors of the dual- medicament infusion site connectors. Similarly, the
other single-medicament nfusion site connector, which is distinct from the single-
medicament infusion stte connector for medicament A, can be used for a single-medicament
mmplementation of the infusion system that infuses only medicament B. In some
embodiments, asymmetric features in the dual-medicament mfusion site connectors, such as
any combination of asymmetric posts, asymmetric post receptacles, retention clips, alignment
posts, and/or keys and keyways can be used to differentiate the single-medicament mfusion
site connector for medicament A from medicament B. In some embodiments, such features
can also be used to ensure that a single-medicament implementation of the infusion system
that infuses only medicament A uses only the medicament A chamber 10 the pump housing,

and a single-medicament wnplementation of the infusion system that infuses only
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medicament B uses only the medicament B chamber i the pump housing In some
embodiments, in this way, the same molds used to manufacture the dual-medicament
infusion site connectors will serve for the single-medicament infusion site connectors for a
single-medicament implementation of the mfusion system that infuses only medicament A or
only medicament B. Thus, the constituent components of the dual-medicament nfusion site
base, dual-medicament nfusion site connectors, tubing, and needle connectors, which serve a
dual-medicament implementation of the infusion system, can be used to serve one of two
distinct single-medicament implementations of the infusion system, one for medicament A
and one for medicament B.

[0351] in some embodiments, software (either integrated into the mfusion system
of run on an auxiliary device such as a smart- phone or tablet} can be used to configure
(automatically and/or manually) the mfusion system to be configured either as a dual-
medicament infusion system, as a single-medicament infusion system that uses only the
medicament A chamber in the pump housing, or a single-medicament infusion system that
uses only the medicament B chamber in the pump housing. In some embodiments, once any
of these three configurations is implemented, the dual-medicament infusion site connectors
or appropriate single- medicament infusion site connectors {(either pertaining to medicament
A or medicament B) can be chosen to match the particular configuration.

10352} In some embodiments involving a site connector or site connectors, each
site connector can be designed to connect to a site base by the action of at least one retention
clip. Connection of a site connector to a siie base allows a straight, beveled, hollow,
stainless steel needle to prerce a septum in the site base (as 1 Figures 65 and 638). In some
embodiments, once the straight, beveled, hollow, stainless steel needle in a site connector
pierces the site base septum in a site base, it is brought mto fluid continuity with a 90 degree,
beveled, hollow, stainless steel needle, which can deliver the medicament to the delivery
space. In some embodiments, this arrangement creates, for each medicament, a closed,
mndependent, patent, and continuous fluid path from the medicament reservoir to the patient
(e.g., for delivery transdermally, intradermally, subcutaneously, intramuscularly,
intravenously, etc.}. In some embodiments, each site base can be physically independent and

can connect to or disconnect from a site connector repeatedly.
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[6353] In some embodiments mvolving the use of a site base, the 90 degree,
beveled, hollow, stainless steel needle can be overmolded, bonded, press-fitted, glued,
solvent bonded, insert molded, or otherwise attached to the sife base. In some embodiments,
as an example other than nsert molding, such a 90-degree, beveled, hollow, stainless steel
needle may be sheathed with a soft durometer tube, which 1s m turn press-fit into the site
base septum to create a sub-assembly cutside the site base. In some embodiments, this sub-
assembly can then be placed into a cavity in the site base {as shown in Figures 65 and 68)
and a plug (not shown) can be used to hold the sub-assembly firmly i place while
simultaneously ensuring a fluid seal.

[6354] In some embodiments mvolving the use of a site base, the 90 degree,
beveled, hollow, stamless steel needle, the needle may be designed to protrude from the
center or near the center of the site base. In some embodiments, this arrangement increases
the likelthood that the site base will remain adhered to the surface of the skin for the entirety
of its mtended use.

[0355] In some embodiments nvolving multiple medicaments where a site
connector can be connected o or disconnected from a site base, the site connectors and site
bases can contain features such as lettering or other visual indicators to help prevent mis-
connection of a site base or a site connector to incorrect site connectors or stte bases. In some
embodiments, such lettering or other visual indicators {colors, etc. ) can be used 1n addition to
physical features that mechanically prevent mis-connection. In some embodiments, the
lettering or other visual indicators can be raised and colored differently from the base
material to enhance vistbility.

[0356] In some embodiments involving multiple medicaments where a site
connector can be connected to or disconnected from a site base, the site connectors and the
site bases can contain features such as asymmetric post receptacles, retention chips, alignment
posts, and/or keys and keyways that prevent mis-connection of a site base or a site connector
to mcorrect site connectors or site bases.

[8357] In some embodiments involving a site connector or site connectors, each
site connector can be designed to connect to a stie base by the action of at least one retention
clip that fits into at least one retention slot In some embodiments involving two

medicaments where only one retention chip and retention slot pair s used on each site
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connector and site base pair, the retention clips and retention slots may be present on the
medial or lateral {as in Figures 63-65) sides of the site connectors and site bases. If the
retention clips and retention slots are present on the lateral side of one site connector and site
base pair, and on the medial site of the other site connector and site base pair, convenience 1s
afforded to the user by allowing for the same finger to activate the living hinges. In this case,
mis-connection of the site connectors to incorrect site bases 1s still prevented by the presence
of the asymmetric posts and asymmetric post receptacles.

[6358] In some embodiments mvolving two medicaments, a right site connector
and a left site connector {as in Figures 64, 65, and 69) comprise the dual-medicament
infusion site connectors, can be physically independent, and can contain features such as
asymmetric post receptacles, retention clips, alignment posts, and/or keys and keyways that
prevent nus-connection of the dual-medicament infusion site connectors to a dual-
medicament infusion site base.

[8359] In some embodiments involving two medicaments, a right (first) site base
and a left (second) stte base {(as wn Figs. 63, 65, and 69) comprise the dual-medicament
mfusion site base, can be physically independent, and can contain features such as retention
siots (shown i Figure 63), asymmetric posts, and alignment post receptacles that prevent
mis-connection of the dual-medicament infusion site connectors to the dual- medicament
infusion site base.

[0360] In some embodiments the site connectors and site bases are designed such
that any site connector and site base pair from a multiple medicament configuration can be
used ndividually in a smgle medicament configuration {(as in Figures 66-68) such that the
single medicament site connectors and site bases can be manufactured from the same tools as
the multiple medicament site connectors and site bases.

[6361] In some embodiments mvolving multiple medicaments, the site connectors
can be supplied with one or more site connector covers that may couple all of the site
connectors, certain groups of the site connectors, or none of the site connectors such that
each site connector can be supplied with its own site connector cover. The site connector
cover can be connected to and disconnected from the site connectors repeatedly and protects
them from exposure (as in Figure 64A). Likewise, the site bases can be supplied with one or

more site base covers that may couple all of the site bases, certain groups of the site bases, or
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none of the site bases such that each site base can be supplied with 1ts own site base cover.
The site base cover can be connected to and disconnected from the site bases repeatedly and
protects them from exposure (as in Figure 69}

6362} In some embodiments wvolving a single medicament or multiple
medicaments wherein each site base 15 supplied with its own site base cover and each site
connector 15 supplied with ifs own site connector cover, the site base covers and the site
connector covers could be manufactured from the same tools as the site bases and the site
connectors respectively. In some embodiments, each site base cover may not contain the
straight, beveled, hollow, stainless steel needle and the tubing and each site connector cover
may not contain the 90 degree, beveled, holiow, stainless steel needle and the site base
septum.

[0363] In some embodiments involving a single medicament or multiple
medicaments, the site base or site bases can be supplied with a site base inserter that connects
to the site base or site bases in the same manner as the site connectors and provides a handle
for the application of site base or site bases (as in Figures 63 and 66}. In some embodiments,
the handle provided by the site base inserter may be used to apply the site base manually or
to load the site base(s) into an automated insertion device, such as a spring loaded inserter. In
some embodiments, in the case of multiple site bases, one or more site base inserters may
couple all of the site bases, certain groups of the site bases, or none of the site bases such that
each site base can be supplied with its own site base inserter. In some embodiments, removal
of a site base inserter would decouple any coupled site bases.

[8364] In some embodiments, the infusion pump may be equipped with a
cartridge detection hardware-software system that would detect, separately, whenever each
cartridge 1s fully loaded and secured in its corresponding pump chamber. In some
embodiments, since the design described herein can ensure that only the correct medicament
cartridge can be fully loaded and secured n its corresponding pump chamber, the cartridge
detection system can, when functioning in conjunction with the design described herein,
effectively and conclusively inform the infusion pump system of which specific medicaments
are available for potential infusion. In some embodiments, the availability status of each
medicament for potential infusion at any point in time would also allow the infusion pump

system to set its mode of operation accordingly. In some embodiments, for example, in the
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case of a dual-chamber pump, the detection of both cartridges being in place would allow the
mfusion pump system to operate in dual-infusion mode, whereas the detection of one
cartridge being in place but not the other would lead the mfusion pump system to operate in a
single-infuston mode that is specific to the medicament that corresponds to the cartridge that
is detected to be n place. In some embodiments, this detection capability would be
determined autonomously in real time, including when a cartridge is in place or out of place
transiently or temporarily.

[8365] In some embodiments, the infusion pump may also be equipped with a
delivery occlusion hardware-software detection system that would detect, separately,
whenever the fluid-delivery path associated with each cartridge is impeded or obstructed
anywhere from the cariridge, all the way through the corresponding tubing, and out to the
distal end of the corresponding site base. In some embodiments, since the design described
herein can ensure that only the correct tubing assembly and site base can be connected to
their corresponding cartridge, the occlusion detection system would, when functioning n
comunction with the design described herein, effectively and conclusively mform the
mfusion purp system of which specific medicaments have a patent fluid-delivery path.

[0366] In some embodiments, with both cartridge and occlusion detection
systems simultaneously present, the mmfusion pump may at any point i time conclusively
deternmimes which medicament 13 possible to deliver to the user. In some embodiments, the
mfusion pump could then autonomously set its mode of operation, as per the detection of
which of the cartridges are in place along with the patency of their corresponding fluid-
delivery paths. In some embodiments, in a specialized example of a dual-chamber pump that
autonomously controls blood glucose levels by delivering insulin or an insulin analog, as
well as a counter-regulatory agent {e.g. glucagon, a glucagon analog, or dextrose), such
cartridge and occlusion detection systems, when functioning in conjunction with the design
described here, would practically allow the imfusion pump system to be prescribed n a
particular configuration to deliver only insulin, or only the counter-regulatory agent, or both,
Moreover, in some embodiments, such an implementation would also allow the dual-
chamber infusion pump system to autonomously switch its mode of operation in real time
whenever either delivery channel becomes unavailable for delivery {whether informed by

cartridge detection, occlusion detection, or both), including in cases where channel

-107-



WO 2017/007968 PCT/US2016/041395

availability may alternate n real time. In some embodiments, the cartridge and occlusion
detection methods could be realized through a varety of hardware and software
implementations, including, but not himited to, techniques that rely on magnetic field or
electrical signal feedback in the case of cartridge detection, or techniques that rely on back
pressure detection or flow sensor technology in the case of occlusion detection, to mention
but a few.

6367} In some embodiments, the features described in the context of one base,
connector, housing, miet connector, nlet connector cover, collar, medicament reservoir, or
pump assembly can be mixed and maiched and used in different combinations on other
bases, connectors, housings, inlet connectors, inlet connector covers, collars, medicament
reservoirs, or pump assemblies. For instance, any feature described above to prevent
mischanneling can be deleted from or added to other embodiments. Redundant features can
be added or deleted from the components of the medicament delivery systems.

[8368] The examples shown here are meant to be representative of a general
approach to the design of an infusion systemn for multiple medicaments and various
connectors, tubes, and cartridges to ensure proper channeling of each medicament to the
patient. The geometric shapes, sizes, orientations, locations, and number of tabs, protrusions,
and features, as well as the corresponding cavitigs, grooves, keyways, or slots are merely
meant to be examples of a much greater abundance of vanations on the particular examples
shown here.

[6369] For instance, as described elsewhere herein, the degrees of separation
between the tabs, protrusions, and features on the cap connectors and on the corresponding
cavities, grooves, keyways, or slots in the pump housing, or the degrees of separation
between the tabs, protrusions, and features on the pre-fitied collar assembly and the
corresponding cavities, grooves, keyways, or slots on the cap connector shown here can be
generalized to be placed closer together or farther apart than in the examples shown here.
Additionally, the number of tabs, protrusions, and features on the cap connectors and on the
corresponding cavities, grooves, keyways, or slots in the pump housing, or the number of
fabs, protrusions, and features on the pre-fitted collar assembly and the corresponding
cavities, grooves, keyways, or slots on the cap connector designs shown here can be

generalized to one, two, three or more such features, which might have different sizes,
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shapes, orientations, and locations from the examples shown here. Moreover, as discussed
above, the locations of the tabs, protrusions, and features on the pre-fitted collar assembly
and the corresponding cavities, grooves, keyways, or slots on the cap connector designs
shown here need not be limited to the neck or head {or crown} regions of the cartridge. For
instance, the pomnt of engagement between the pre-fitted collar assembly and the cap
connector could alternatively occur elsewhere on the body of the cartridge, or extend over
the entire length of the cartridge. In some embodiments, the tabs, protrusions, and features on
the pre-fitted collar assemblies described here could instead appear directly on the surface of
the cartridge {such as in the case of an ijection molded cartridge), which ts either pre-filled
with medicament or not pre-filled with medicament.

[8378] In some embodiments, the cartridges described here can either be pre-
filled with medicament or not pre-filled with medicament before or after the pre-fitted collar
assemblies described here are nstalled onto the cartridge. In the case of the latter, such
cartridges can be filled with medicament sometime after the manufacturing process,
including at the point of care.

[6371] In some embodiments, for example m the case of a cartridge that s filled
with medicament at the point of care, the cap connector might not contain a recessed needle,
but rather might couple with said cartridge using a standard luer lock or other mechanism, as
m Figure 30, m which the medicament flows directly from the cartridge into the tubing
without first passing through a needle. In this case, the tabs, protrusions, and features on the
pre-fitted collar assemblies described here would still appear on the surface of the cap
connector.

(8372} In some embodiments, mischanneling of medicaments can still be avoided
if one cartridge 1s prefilled with one medicament and a second cartridge 1s filled at the point
of care with a different medicament {using the embodiment described 1n Figure 50 or Figures
61A-C). So long as only one cartridge needs to be filled with medicament at the point of
care, and all other cartridges are pre-filled with medicaments, the designs described here can
prevent medicament mischanneling,

[6373] In some embodiments, the features and components described above are
applicable to reusable injection pens {e.g., insulin pens, etc.}. In some embodiments, each

collar, cap, iput connector, etc. could be applied to prevent incorrect dosing of drugs
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delivered by injection pens. For example, one unique cartridge, having a furst set of unique
features as described above could be used to deliver long-acting 1osulin to a patient via a
mated mjection pen. Another unique cartridge, with a second set of unique features as
described above could be used to deliver fast-acting or ultra-rapid msulin analogs to a patient
via a different mated mjection pen. As a further example, these features can be used to
differentiate between more and less concentrated insulin analogs (e.g. U100, U200, or U300
msulin analogs).

[8374] The medicament described above for any embodiment can mclude any
suitable compound or drug for treating, regulating, controlling or addressing one or more
conditions of the patient. While diabetes mellitus 15 a target, other conditions can be
addressed as well (e.g., pancreatic misfunction). The medicament can include for example a
regulating agent, such as msulin, for regulating the blood ghicose levels in the patient and/or
a counter-regulatory agent, such as glucose or glucagon, for more effective blood glucose
regulation in certain circumstances. Other type of agents can be used as well.

[6375] In some embodiments, an infusion system for multiple medicaments
mvolving various needle sites, connectors, tubes, and cartridges that ensure proper
channeling of each medicament to the patient is provided. In some embodiments, the infusion
system comprises an infusion pump. In some embodiments, the infusion system comprises an
infuston pump with two or more pump chambers. In some embodiments, the infusion system
comprises cartridges that can be filled at the point of care with different medicaments {or
may be pre-filled with different medicaments}. In some embodiments, the mfusion system
comprises connectors and tubing that connect the cartridges to the infusion purmp n such a
way as to prevent mischanneling or cross-channeling of medicaments. In some embodiments,
each type of cartridge for each type of medicament has unique differentiating sizes, shapes,
and/or geometrical features (either as an integral part of the cartndge or as a component
attached or affixed to the cartridge) that allow for unique coupling with a type of connector
that itself has unique differentiating features that engage corresponding features in the pump
housing and only allow for insertion of the proper cartridge into the proper pump chamber
within the infusion pump.

[6376] In some embodiments, the systems described above can be used for the

delivery of single medicaments, or combinations of medicaments. For instance, in some
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embodiments, the infusion set can be used to deliver agent A (e.g., wnsuhn), while the
features of that infusion set would be incompatible with the medicament reservour for agent
B {eg., glucagon). Alternatively, in some embodiments, the infusion set can be used to
deliver agent B, while the features of that infusion set would be incompatible with the
medicament reservoir for agent A, Additionally, in some embodiments, as described above,
dual medicaments can be delivered without mischanneling (e g., bi-hormonal delivery, dual
drug delivery, etc.}. As is apparent from the disclosure above, configurations for the delivery
of a plurality of medicaments {e.g., two, three, four, or more} without mischanneling can be
provided.

(6377} Some embodiments provide methods of using the medicament delivery
system. In some embodiments, the base set, the connector set, and the medicament reservoir
set are provided together fully assembled, partially assembled, or disassembled 10 packaging.
For mstance, 1n some embodiments, the base 13 attached to the connector set in the package.
in some embodiments, the connector set is attached to the medicament reservoir set in the
package. In some embodiments, each of the base set, the connector set, and the medicament
reservolr set are provided together or packaged separately.

[0378] In some embodiments, the base is removed from its packaging. In some
embodiments, where present, the needle guards are then removed from the needles of the
base set prior to msertion into a patient.  In some embodiments, the release liners are
removed from the base set. In some embodiments, the base set 1s then positioned over the
skin and affixed there manually, by inserting the needles into the skin.

[6379] In some embodiments, a base mserter 18 provided on the packaged base.
in some embodiments, the base set can be positioned for imsertion into the patient manually
by holding the base inserter. In some embodiments, the base inserter is gripped between the
finger and thumb of a user {e.g., a patient or doctor) and plunged into the skin to manually
msert the piercing elements of the base set into patient and to affix the base set on the patient
(e.g., via an adhesive on the set). In some embodiments, the base nserter is can be loaded
into a positioning device that projects (e.g., shoots, or delivers) the base umt automatically
mto the skin of the patient at an appropriate angle and position. In some embodiments, the

positioning device 1s provided already attached to the packaged based set.
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[638¢] In some embodiments, after injecting the base set, the connector set 1s
engaged to the base set. In some embodiments, the connector set is already engaged to the
base set in the package. In some embodiments, the connector set is then connected via
tubing to the inlet connectors. In some embodiments, after connecting the connector set to
the base set, the medicament reservoir(s) can be attached to the inlet connectors and secured
there by one or more features of the inlet connector. In some embodiments, prefilled
medicament reservoirs are already attached to the base set via the connector set in the
package.

[0381] In some embodiments, the medicament reservoirs are then placed into
corresponding receptacles within a pump. In some embodiments, the reservoirs are tightened
in place within the receptacle of the pump by threading an inlet connector cover 1nto the
purnp.  In some embodiments, the pump can then be activated to allow one or more
medicaments to be delivered to the patient.

[6382] Any terms generally associated with circles, such as “radius” or “radial”
or “diameter” or “circumference” or “circumferential” or any derivatives or sumilar types of
terms are intended to be used to designate any corresponding structure in any type of
geometry, not just circular structures. For example, “radial” as applied to another geometric
structure should be understood to refer to a dwrection or distance between a location
corresponding to a general geometric center of such structure to a perimeter of such
structure; “diameter” as applied to another geometric structure should be understood to refer
to a cross sectional width of such structure; and “circumference” as applied to another
geometric structure should be undersiood to refer to a perimeter region.  Nothing i this
spectfication or drawings should be mterpreted to limit these terms to only circles or circular

structures.
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WHAT IS CLAIMED IS:

I

An mfusion set for delivering a single or multiple medicaments to a patient,

the infusion set comprising;

a base set comprising;

a first base unit having a first port and a first adhesive portion, the fust
base unit comprising a first piercing element configured to deliver a first
medicament to the patient, the first adhesive portion configured to adhere the
first base unit to the patient; and

a second base unit having a second port, the second base unit
comprising a second adhesive portion configured to adhere the second base
unit to the patient;

a connector set comprising;

a first connector configured to reversibly couple to the first base unit
via the first port and to provide a first fluid path from a first medicament
reservolr to the first port of the first base; and

a second connector configured to reversibly couple to the second base
unit;

wherein the first base unit comprises a first guide member that prevents

engagement of the second connector to the first base unit;

wherein the second base unit comprises a second guide member that prevents

engagement of the first connector to the second base unit; and

wherein the first base umit and the second base unit are able to move

independently with respect to each other and are configured to fit contours of the

patient’s body during movements made by the patient.

2.

The mfusion set of claim 1, wherein the second base unit comprises a second

piercing element configured to deliver a second medicament to the patient, wherein the

second connector 18 configured to provide a second fluid path from a second medicament

reservoir 1o the second port of the second base.

The infusion set of claim 1, wherein the first piercing element is a catheter in

fluidic communication with the first port and configured to deliver a first medicament to the

patient via the first base umit.
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4. The mnfusion set of claim 1, wheren the first connector comprises a first
retention clip that locks the first connector in place when in a coupled position with the first
base unit,

5. The infuston set of claim 4, wherein the first retention clip i1s configured to be
depressed to allow one-handed de-coupling of the first connector from the first base unit.

6. The infusion set of claim 4, wheremn the second connector comprises a second
retention clip that locks the second connector in place when in a coupled position with the
second base unit, wherein the first retention clip 1s configured to prevent coupling of the first
connector to the second base umt and wherein the second retention clip 1s configured to
prevent coupling of the second connector to the first base unit.

7. The infusion set of claim 6, wherein the second tab is configured to be
depressed to allow one-handed de-coupling of the second connector from the second port.

8. The infusion set of claim 1, wherein the first connector comprises an
alignment feature that guides the first connector in place when coupling it to the first base
unit.

9. The mfusion set of claim 1, wherein the first connector set comprises a flud
conduit, wherein the fluid conduit 15 configured to allow fluidic commurnication with a first
reservoir configured to contain a first liquid solution of a first medicament.

10 The infusion set of claim 1, wherein the first base unit and first connector set,
or the second base umit and second connector set, are used mdividually m a single
medicament configuration or together in a dual-medicament configuration,

11 A medicament reservoir set for delivering a single or multiple medicaments to
a patient, the medicament reservoir set comprising:

a first reservolr comprising a first reservow port and configured to contain a
first medicament;

a first inlet connector that fits over at least a portion of the first reservoir and
at least a portion of the first reservoir port, wherein the first inlet connector comprises

a first needle configured to allow access to the fust medicament, wherein the first

inlet connector comprises a first engaging member that engages a portion of the first

reservoir attaching the first inlet connector to the first reservoir;

a first mlet connector cover configured to engage the first inlet connector;
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a second reservoir comprising a second reservolr port that allows access to a
second medicament;

a second inlet connector that fits over at least a portion of the second reservoir
and at least a portion of the second port, wherein the second inlet connector
comprises a second needle configured to allow access a second medicament, wheremn
the second inlet connector comprises a second engaging member that engages a
portion of the second reservoir attaching the second inlet connector to the second
reservoir; and

a second inlet conmector cover configured to engage the second inlet
connector.

12 The medicament reservoir set of clamm 11, further comprising a first collar
configured to engage the first reservotr near the first port to provide a first collared reservorr;
wherein the first collar comprises a first collar projection extending radially outward from
the first collar, wherein the first inlet connector engages at least a portion of the first collar of
the first collared reservoir via the first collar projection; wherein the first collar 1s configured
to prevent coupling to the second mlet connector,

13. The medicament reservoir set of claim 12, further comprising a second collar
configured to engage the second reservoir near the second port to provide a second collared
reservoir; wherein the second collar comprises a second collar projection extending radiaily
outward from the second collar, wheremn the second 1nlet connector engages at least a portion
of the second collar of the second collared reservoir via the second collar projection; wherein
the second collar is configured to prevent coupling to the first inlet connector.

14. The medicament reservoir set of claim 13, wherein the first inlet connector
further comprises a f{irst guiding element and wherein the second inlet connector further
comprises a second guiding element, wherein the first guiding element 15 configured to guide
the first medicament reservoir into a first pump receptacle having a first aperture that couples
with the first guiding element, wherein the second guiding element 1s configured to guide the
second medicament reservoir 1nto a second pump receptacle having a second aperture that
couples with the second guiding element, and wherein the first guiding element is configured

to prevent the placement of the first medicament reservoir into the second pump receptacle.
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3. The medicament reservoir set of claim 14, wheremn the second guiding
element s configured to prevent the placement of the second medicament reservoir into the
second pump receptacle.

16, The medicament reservoir of claim 14, wherein the first infet connector cover
is threaded to allow the first medicament reservoir to be screwed nto place m the first pump
receptacle.

17 The medicament reservoir of claim 14, wherein the second inlet connector
cover is threaded to allow the second medicament reservoir to be screwed nto place in the
second pump receptacle.

18. A medicament delivery system for delivering a single medicament or multiple
medicaments to a patient, the medicament delivery system comprising:

an infusion set, the infusion set comprising:
a base set comprising:

a first base unit, the first base unit comprising a first base set
piercing element configured to deliver a first medicament to the
patient, a first port, and a furst adhesive portion configured to adhere
the first base unit to the patient; and

a second base unit, the second base unit comprising a second
adhesive portion configured to adhere the second base unit to the
patient;

a connector set comprising’

a first connector configured to reversibly couple to the first
base unit and to provide a first fluid path from a first medicament
reservoir to the first port of the first base; and

a second connector configured to reversibly couple 1o the
second base unit;

wherein the first base unit comprises a feature that prevents engagement of the
second connector to the first base unit; and
wherein the second base unit comprises a feature that prevents engagement of

the first connector o the second base unit.
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a medicament set comprising a first reservorr and a first flud conduit, wherein

the first reservoir is configured to contain a first medicament accessible through a

first reservoir port and wherein the first fluid condutt 1s configured to provide fluidic

communication between the first reservoir and to the first base set piercing element;
and
a pump system.

19. The medicament delivery system of claim 18, wherein the medicament set
comprises a first inlet connector and a first inlet connector cover, wherein the first inlet
connector 1s configured to engage the first reservoir and wheremn the first connector cover is
configured to engage the first inlet connector.

20. The medicament delivery system of claim 19, wherein, when not engaged to
the nlet connector, the first connector cover 1s able to move along the first fluid conduit
and/or to rotate freely around the first fluid conduit.

21. The medicament delivery system of claim 19, wherein the first reservoir
comprises a first collar comprising a collar projection extending outward from the collar, the
first collar configured fo engage the reservoir near the port to provide a collared reservorr,
wherein the first collar is configured couple to matching projection apertures of the first inlet
connector.

22. The medicament delivery system of claim 19, wherein the first inlet connector
comprises a needle configured to access the first medicament via the first reservoir port.

23 The medicament delivery system of claim 18, wherein the second base unit
comprises a second base unit piercing element and a second port, the second piercing
element configured to deliver a second medicament to the patient, wherein the second
connector 18 configured to provide a second fluid path from a second medicament reservorr
1o the second port of the second base unit.

24, The medicament delivery system of claim 23, wherein the medicament set
comprises:

a first inlet connector and a first inlet connector cover, wherein the first mlet
connector is configured to engage the first reservoir and wherein the first connector

cover s configured to engage the first inlet connector;
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a second inlet connector and a second inlet connecior cover, wherein the
second inlet connector 15 configured to engage the second reservoir and wherein the
second connector cover s configured to engage the second inlet connector;

wherein the second inlet connector s configured 1o not engage the first
reservoirr and the first mnlet connector 15 configured to not engage the second

TeServolr.
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-***-Continued from Box No. Il Observations where unity of invention is lacking -***-

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fee must be paid.

Group I: Claims 1-10 & 18-24 appear to be directed towards an infusion set for delivering a single or multiple medicaments to a
patient.

Group II: Claims 11-17 appear to be directed towards a medicament reservoir set for delivering a single or multiple medicaments to a
patient.

The inventions listed as Groups |-ll do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features.

The special technical features of Group | are at least an infusion set comprising: a base set comprising: a first base unit having a first
portand a first adhesive portion, the first base unit comprising a first piercing element configured to deliver a first medicament to
the patient, the first adhesive portion configured to adhere the first base unit to the patient; and a second base unit having a
second port, the second base unit comprisinga second adhesive portion configured to adhere the second base unit to the
patient; a connector set comprising: a first connector configured to reversibly couple to the first base unit via the first port and to
provide a first fluid path from a first medicament reservoir to the first port of the first base; and a second connector configured to
reversibly couple to the second base unit; wherein the first base unit comprises a first guide member that prevents engagement
of the second connector to the first base unit; wherein the second base unit comprises a second guide member that prevents
engagement of the first connector to the second base unit; and wherein the first base unit and the second base unit are
able to move independently with respectto each other and are configured to fit contours of the patient's body during
movements made by the patient and a pump system, which are not present in Group 1.

The special technical features of Group |l are at least a first reservoir comprising a first reservoir port and configured to contain a first
medicament; a first inlet connector that fits over at least a portion of the first reservoir and at least a portion of the first reservoir
port, wherein the first inlet connector comprises a first needle configured to allow access to the first medicament, wherein the first
inlet connector comprises a first engaging member that engages a portion of the first reservoir attaching the first inlet connector to the
first reservoir; a first inlet connector cover configured to engage the first inlet connector; a second reservoir comprising a second
reservoir port that allows access to a second medicament; a second inlet connector that fits over at least a portion of the second
reservoirand at least a portion of the second port, wherein the second inlet connector comprises a second needle
configured to allow access a second medicament, wherein the second inlet connector comprises a second engaging member that
engages a portion of the second reservoir attaching the second inlet connector to the second reservoir; and a second inlet
connector cover configured to engage the second inlet connector, which are not present in Group I.

The common technical features are at least a medicament set comprising a first reservoir and a first fluid conduit, wherein the first
reservoir is configured to contain a first medicament accessible through a first reservoir port and wherein the first fluid conduit is
configured to provide fluidic communication between the first reservoir and to the first base set piercing element.

US 2011/0230838 A1 to Adams, J et al. (ADAMS) discloses a medicament set (a wearabls infusion device; abstract) comprising a first
reservoir and a first fluid conduit (a reservoir and an outlet port; claim 1), wherein the first reservoir is configured to contain a first
medicament accessible through a first reservoir port (the reservoir is configured to contain a liquid medicament accessible through a
port; figure 7) and wherein the first fluid conduit is configured to provide fluidic communication between the first reservoir and to the
first base set piercing element (the outlet port is configured to provide fluid communication between the reservoir and canula (piercing
element); figure 7, paragraph [0057]).

Since these common features are previously disclosed by Adams, they are not special and Groups I-| lack unity.
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