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Abstract:

Provided is an insertion mechanism with increased reliability and reduced components. The insertion
mechanism uses a single engagement and release clip compressed within a housing of the insertion
mechanism to engage a needle hub and catheter hub. A button is provided to move the catheter hub
and needle hub in a distal direction until the engagement and release clip reaches a firing window in
the mechanism housing. The engagement and release clip expands in the release window to release
the needle hub from the catheter hub, permitting a return spring to move the insertion needle
proximally while leaving the catheter inserted, and also retains the catheter hub in the deployed
position.
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SUBCUTANEOGUS INSERTION MECHANISM WITH AUTOMATIC RETRACTION
VIA PRE-ENERGIZED RELEASE AND LATCHING MEMBER

Related Application

{031] The present application clayms priority to U.S. Provisional Application No.
63/214,545, filed on June 24, 2021, including the specification, drawings and abstract,

the entire disclosure of which is incorporated herein by veference.

Field of the Invention

{0002] The prosent mveotion relates generally to medical 1nfusion systems, such as an
insulin mfusion device or inseriion device, where simple, low-profile and low-part count
manuaal insertion device is provided for subaitaneously inserting a cannula with automatic

mntroducer needle retraction.

Backeround of the lnvention

{0002] Diabetes is a group of diseases characterized by high levels of blood glucose
resuiting from the mahility of diabetic patients to mamtam proper levels of insulin
production when required. Persons with diabetes will requive some form of daily insulin
therapy to maintain control of thewr glucose levels. Dhabetes can be dangerous to the
affected patient f it 15 sot treated, and it can lead to serious health complications and
premature death. However. such complications can be nunimized by utilizing one or more
treatment options to help control the diabetes and reduce the risk of complications.

{0803] The treatment options for duabetic patients include spectalized dicts, oral
medications and/or wnsulin therapy. The main goal of diabetes treatment 5 to control the
diabetic patient’s blood glucose or sugar fevel. However, maintaining proper diabetes
management may be complicated becaose it has to be balanced with the activities of the
diabetic paticnt.

{0004] For the treatment of type 1 diabetes, there are two principal mcthods of daily
msulin therapy. In the first method, diabetic patients use syringes or msulin pens to self-
inject msulin when needed. This method requires a needle stick for each mjection, and the
diabetic patient may require three to four injections daily. The syringes and msulin peas

that arc uscd to wjcct insulim are relatively simple to use and cost effective.
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{8005] Another offective method for insulin therapy and managing diabetes is mfusion
therapy or infusion pump therapy in which an wmsulin pump s used. The osulin pump can
provide continuous infusion of msulm to a diabetic pationt at varving ratcs i order to more
closely match the functions and behavior of a properly operating pancreas of a non-diabetic
porson that produces the required nsulin, and the msulin puwmp can help the diabetic
patient maintain his/her blood glucose level within target ranges based on the diabetic
paticat’s individual needs.

{0066] Infusion pump therapy requires an infusion cannula, typically n the form of an
infuston needle or a flexible catheter, that pierces the diabetic patient’s skin and through
which, mfusion of mnsubin takes place. Infusion pump therapy offers the advantages of
contmuons o fusion of msulin, precision dosing, and prograramable delivery schedules.
{3007] In infusion therapy, 1nsubo doses are typically administered at abasal rate and ma
bolus dose. When msulin 1 adminisicred at a basal rate, nsulin 18 delivered contimuously
over 24 hours in order to maintain the diabetic patient’s blood glucose levels in a consisient
range between meals and rest, typically at nighttime.  Insulin pumps may also be capable
of programuing the basal rate of msulin to vary according to the different times of the day
and night. In contrast, a bolus dose s typically administered when a diabetic patient
consumes a meal, and gencrally provides a single additional msulin mjection o balance the
consumed carbohvdrates. Insulin pumps may be configured to enable the diabetic patient
to program the volume of the bolus dose 1in accordance with the size or type of the meal
that i1 consamed by the diabetic patient.  In addition, insulin pumps may alse be
configured to enable the diabetic patient to infuse a correctional or supplemental bolus
dose of msulin to compensate for a low blood glucose level at the time when the diabetic
patient is calculating the bolus dose for a particular meal that 1s to be consumed.

{0008] Insulin pumps advantageously deliver wnsulin over time rather than m single
micctions, typteally resulting in loss vartation within the blood glucosc range that is
recommended. In addition, msulim pumps may reduce the number of needle sticks which
the diabetic patient must endure, and improve diabetes management o eshance the diabeiic
pationt’s quality of lifc.

{00097 Typically, regardless of whether a diabetic patient uses multiple direct injections
{(MDIs) or a pump, the diabetic patient takes fasting blood glucose medication (FBGM)
upon awakcning from sleop, and also tosts for glucoac i the blocd during or after cach
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meal to determine whether a correction dose is required. In addition, the diabetic pationt
may test for glucose i the blood prior to sleeping to determune whether a correction dose
is requured, for mstance, aficr cating a snack bofore sleeping,

{0010] To facilitate infusion therapy, there are generally two types of insulin pumps,
namely, conventional pumps and patch pumps. Conventional pumps requure the use of a
disposable component, typically roferred to as an infusion set, tubing sef or pump set,
which conveys the insulin from a reservolr within the pump into the skin of the user. The
infuston set consists of a pump connector, a length of ebing, and a hub or base from which
a cannula, in the form of a hollow metal mfusion needle or flexible plastic catheter extends.
The base typically has an adhesive that setaing the base on the skin surface during use. The
cannula can be mserted onto the skin manually or with the aid of a manual or aufomatic
msertion device. The msertion device may be a separate unit roquired by the user,

{3011] Another type of insulin purap s a patch pump. Unlike a conventional mfusion
pump and mmfusion set combination, a patch purmp 8 an integrated device that combines
most or all of the fluidic components, including the fhaid reservoir, pumping mechanism
and mechanisro for awtomatically inserting the canoula, i a single housmg which s
adhesively attached to an infusion site on the patient’s skin, and does not require the use of
a separate infusion or tubing s¢t. A patch pump containing msuin adheres to the skin and
delivers the 1nsulin over a period of time via an integrated subcutaneous cannula. Some
patch pumps may wirelessly commumicate with a separate controlfer device {(as in one
device sold by Insulet Corporation under the brand name OmniPod®), while others are
completely self-contained. Such devices are replaced on a frequent basis, such as every
three days, when the 1nsulin reservoir 18 exhausted or complications may otherwise oceour,
such as restriction in the cannula or the infusion site.

{0012] As patch pumps are designed to be a seif-contained umit that is worn by the diabetic
patient, it 1s proferable to be as small as possibie so that i docs not interfore with the
activities of the user. Thus, in order t0 minmmize discomtort to the user, i would be
preferable to munimize the overall thickness of the patch pump. However, in order to
minimize the thickacss of the patch pump, s constitucnt parts should be reduced as much
as possible. One such part is the msertion mechanism for automatically ingerting the

cannula into the user’s skin.

99



WO 2022/271910 PCT/US2022/034665

CA 03223123 2023-12-15

{8013] In order to minimize the height of the inserion mechanism, some conventional
msertion mechanisms are configured 1o msert the cannula at an acute angle from the
surface of the skin, ¢ g. 3045 degrees. However, i may bo preferable to msert the canmula
perpendicular or close to perpendicular from the surface of the skin, singe this would
require the mininmam length of cannula insertion. In other words, with the mininwm length
of cannula bemg mserted info the user’s skan, the user can expenence greater comfort and
fewer complications, such as premature kinking of the cannwla. But one problem with
configuring the msertion mechanism fo insert the cannula perpendicular to the surface of
the skin is that this may increase the overall height of the inserlion mechanism, and
therefore of the paich pump itself.

{0014] Accordingly, a need exists for an mproved insertion mechansm for use 1 a
funtted space envuonment, such as mn the patch pump, that can cost-effectively msert a
cannula vertically or close to perpendiculardy mio the swrface of a user’s skm, while
mimintizing or redocing its height, m order to reduce the overall height of the device the

insertion mechanism is incorporated mio, such as a patch pump.

{0015] An object of the present invention is to substantially address the above and other
concerns, and provide advanced. tmproved. and novel components and clements of an
msertion device that facilitates msertion of the m-dwelling or soft catheter and retract the
introducer needle, while reducing the mumber of components required for the construction
and use of the msertion device.

{0015] Auncthor object of the prosent mvention 15 to provide a manual insertion device with
at least automatic mtroducer needle retraction, such that the part count of the exemplary
cmboediments is lowered and which serves to keep part production cosis low and simplify
dovice asscmbly. Automatic retraction also simplifics the user utterface by muimizing the
number of user sieps for activation. There 1s only one step for the user which is pushing
the bution.

{801 7] These and other objects are substantially achicved by providing an mscrtion device
with a housing comprising at least one release window at a distal portion of the housing, a
flexible firmg arm, a button shidable within the housing from an imial proximal position (o
an macrtod distal position, a cathetor hub fixed to a cathotor, a noodlc hub fixed o an
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inscrtion needle, the inscrtion ncedle being mserted indo the catheter in an inutial
configuration, an engagement and release chp being lasger than an inside of the housing in
a relaxed stated and being compressed within the mside of the housig and cpgaging the
catheter hub to the needle hub the compressed state, and a return spring biasing the needle
bub in the proxmal direction and being compressed as the button moves distally. The
firmg arm interferes with movement of the bufion m a distal direction untd a
predetermined force is applied to the button, causing the firing arm to flex and release the
button, The engagement and release clip expands toward its relaxed configuration when the
button is pressed distally and the release and engagement clip becomes aligned with the
refease window, and the retorn spring moves the needle hub to a final proximal position
when the engagement and release clip expands and thewby releases the needie hub from
the catheter hub.

{0818] Additional and/or other aspects and advantages of the present mvention will be set
for in the description that follows, or will be apparent from the description, or may be
icarned by the practice of the tavention. The present tnvention may comprise a method or
apparatus or sysiem baving one or more of the above aspects, and/or one or more of the
features and combinations thereof. The present invention may comprise one or more of the
features and/or combinations of the above aspects as recited, for example, in the attached

claims.

Brief Deseription of the BPrawings

{0019] The various objects, advantages and novel features of the exemplary cmbodiments
of the present mvention will be more readily appreciated from the followmng detailed
description when read in conjunction with the appended drawimgs, in which:

{0020] Fig. 1 isan isometric view of an exemplary insertion device in a pre-activation state
m accordance with an embodimcont of the present mvention;

{0021] Fig. 2 i1s another isometrie view of the inserion device of Fig. 1 in a pre-activation
state 1o accordance with an embodiment of the present invention;

{0022] Fig. 3 18 a view of the mscrion device of Fig. 1 in a post-activation statc in
accordance with an embodiment of the present invention;

{0623] Fig. 4 15 an exploded view of the msertion device of Fig. 1 in accordance with an

cmbodimont of the prosent invontion;
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{8024] Fig. 5 15 a sectional view of a catheter/septum subassembly of the insertion device
of Fig. T in accordance with an embodiment of the present mvention;

{0025] Fig. 6 is a vicw of an miroducer ncodle subasscmbly, assembled from the fop with
plastic tubing. of the insertion device of Fig. 1 in accordance with an embodiment of the
present invention:

{0026] Fig. 7 13 a view of another mntroducer needle subassembly, assembled from the side
with no plastic tubing, of the insertion device of Fig. 1 ia accordance with an embodiment
of the present mvention;

{0027] Fig. B 13 a view of the assembly of the bution subassembly of the mserhion device of
Fig. 1, mcloding the catheter/septum subassembly of Fig. 5 and mtroducer needie
subassembly of Fig. 6, 10 accordance with an embodiment of the present invention;

{3028] Fig. 9 is a view of the completed button subassembly of the msertion device of Fig.
I in accordance with an embodiment of the present invention;

j0829] Fig. 10 1s a view of the assembly of the batton subasserably and springs mto the
housing of the wmsertion device of Fig. | and iHustrating the use of temporary protective
tubing on the catheter in accordance with an embodiment of the present mvention;

{0830] Fig. 11 1s a view of the partially complete assembly of the button subassembly and
springs into the housing of the imsertion device of Fig 1 and ilustrating the use of
temporary protective tubing on the catheter in accordance with an crobodiment of the
present vention;

{0031] Fig. 12 s a view of the compileted assembly of the insertion device of Fig. 1
wherein the base is omitied for illustration purposes i accordance with an emnbodiment of
the present mvention;

[0032] Fig. 13 15 a sectional view of the insertion device of Fig. 1 in a pre-activation state
in accordance with an embodiment of the present invention:

{0033] Fig. 14 15 another scotional view of the inscrion device of Fig. 1 in a pre-activation
state m accordance with an embodiment of the present invention;

{0834] Fig. 15 15 a sectional view of the msertion device of Fig. | in an intermediate
activation state in accordance with an cmbodiment of the present mvention;

{0035] Fig. 16 1s a transparent view of the insertion device of Fig. | in the intermediate
activation state Hustrating a positon of a radial operation pin within a helical pathway in

accordance with an cmbodiment of the prosent invention;
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{8035] Fig. 17 1s a bottom view of the top housing of the msertion device of Fig. 1
illustrating a mating portion of the helical pathway surface for the adial operation pin of
Fig. 16 in accordance with an cmbodimont of the prosont invention;

{0037] Fig. 18 is a view of the mechaniso housing of the insertion device of Fig. 1
ilustrating a mating portion of the helical pathway surface for the radial operation pin of
Fig. 16 1n accordance with an embodiment of the present mvention;

{0038] Fig. 19 is a wansparent view of the insertion device of Fig. 1 in an istermediate
activation state iHusirating a posttion of the radial operation pm i accordance with an
embodiment of the present mvention;

{0039] Fig. 20 1s a transparent view of the insertion device of Fig. 1 at an activation state
illustrating a position of the radial operation pin at full nsertion in accordance with an
embodiment of the present invention;

j0840] Fig. 21 1s a transparent view of the insertion device of Fig. 1 at the post-activation
state tllustrating a posiiton of the radial operation pin at full retraction i accordance with
an embodiument of the present vention;

{0041] Fig. 22 is a sectional view of the insertion device of Fig. | llustrating a lock arm of
the top housing in a post-activation state in accordance with an embodiment of the present
mnvention;

{0042] Fig. 23 15 a sectional view of the msemion device of Fig. | in a post-activation state
n accordance with an embodiment of the present invention;

{0043] Fig. 24 is another exploded view of the msertion device of Fig. 1 in accordance
with an embodiment of the present invention;

{0044] Fig. 25 is a view of another embodiment of the msertion mechanism created as a
subassembly separate from the top housing or base in accordance with an embodiment of
the present invention,

{045] Fig. 26 15 a view of another cmbodiment of the inscrtion micchamism ¢reated as a
subassembly in the base in accordance with an embodiment of the present mvention,

{0046] Fig. 27 18 a sectional view of anocther emrbodument of a lock arm m a pre-activation
statc in accordance with an crabodiment of the present invention;

{0047] Fig. 28 15 a sectional view of the lock arm of Fig. 27 i an mtermediate activation
state during msertion in accordance with an embodiment of the present nvention shows the

dovice;
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{0048] Fig. 29 i1s a scctional view of the lock arm of Fig. 27 m a post-activation staie in
accordance with an embodiment of the present mvention shows the device;

{0049] Fig. 30 i3 a perspective view of a patch pump mcorporating a low-profiic cannula
insertion device, illustrated without a cover for clarity;

{3050] Fig. 31 is an exploded view of the various components of the patch pump of Fig.
34, illustrated with a cover;

{0051] Fig. 32 is a perspective view of an alternative design for a patch pump having a
flexible reservoir, ilustrated without a cover;

{0052] Fig. 33 13 a patch-pump fluidic architecture and metering sub-svstem diagram of the
patch pump of Fig. 32;

{3053] Fig. 34 15 a perspective view of another embodiment of a cannula msertion device;
{054] FIG. 35 1s an exploded view of the cannula msetion device of Fig, 34;

J30S5] Fig. 364 18 a perspective view of the cannula inseriion device illustrating the dual
firing arms according to the embodiment;

{0055] Fig. 368 is a cross soctional view of the cannula insertion device tllustrating the
dual firing armoes according (o the embodiment;

{00571 Fig. 37 is a force chart llustrating user force required to operate the canmula
msertion device according 1o the embodiment;

{0038] Fig. 38 is a perspective cross sectional view of the engagement and release chip
according to the embodiment;

{0059] Fig. 384 is a cross sectional view of the engagement and release chip before the
button 1s pushed;

{0060] Fig. 39B 13 a cross sectional view of the engagement and wlease chip afier the
button is pushed;

{0061] Figs. 40A and 40B iHustrate the eogagement and release clip in relaxed and
mstalicd states, rospoctively;

{00621 Fig. 41A 1llustrates an altemative embodiment of the engagement and release chip,
{0863] Fig. 41B 15 a side view illustrating relaxed and installed configurations of the
cngagement and release clip of FIG 41A;

{0064] Figs. 41C and 41D illustrate altemate clip arm configurations for exemplary

engagement and release chips;
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{0065] Fig. 42 is a side cross sectional view of the engagement and release clip in the
engaged state;

{0066] Fig. 43 13 a sido view of the cngagemoent and release clip highlishting contact points
of the clip with the insertion device housing and hubs;

{0067 Fig. 44 Hustrates an engagement and release clip relative to a release window of
the housing in the release state;

{0068] Fig. 45 is a perspective view of the engagerent and release clip of Fig. 43; and
{0069] Fig. 46 is a perspective view of a see~through button window according to an
exemplary embodiment of the insertion device after insertion,

{0078] Throughout the drawings, hike reference numerals will be understood to refer to like

parts, components and structures,

Dickatled Descripuon of the Exernplary Tinbodiments

{0871] The cxemplary embodiments of the present invention described below provide
novel means of providing one or more infusion device clements that are configured to
nsert catheter up o 8 mum mto a skin surface, but embodiments are not liumited thereto.
The insertion device 1s configured to perform a maonual insertion of the catheter which

allows the inserfion device to be smaller, simpler and cheaper than automatic or spring-

{3072] Exemplary embodiments of the present invention described below, utilize a manual
msertion device and inclode a dual retraction spring configuration for automatic introdocer
needie retraction that also allows for a very small device size. The dual retraction spring
counfiguration 5 mmplemented using a plurality of evlindrical or barrel-shaped guides. In an
exemplary embodument, one barrel guides a button and catheter, and adjacent barrels house
retraction springs, one on cach side of the button and catheter. Having the springs in
scparaic barrcls allows for much smaller springs thao a single~-barre} configuration in which
the spring 18 coaxial with the catheter. A single coaxial spring creates access to the button
assembly since spring design houtations require the spring fo extend nearly from the
bottom of the housing to the top. Access i1s requircd for featires fike the locking arm and if

the features are 1mplemented mside the spring

335

the entive mechanism must grow to

accommodate them increasing the mechanism foot prnt.
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{8073] Figs. 1 and 2 show the msertion dovice before use and Fig. 3 shows the device after
deploviment of the canmuda. As shown i Figs 123, the insertion device ncludes a top
housing 100 and a basc 102, The top housing 100 1s shown having an opening 104 through
a top surface from which a user-accessible, and user-acutatable button 200 shidably
extonds. The comtent of the msertion device, including the mechamism housing 300, is
shown in greater detail 1n Fig. 4. The top housing 100, button 200, and mechamsm
housing 300 can be manufactured from ABS, and the base 102 can be mamufactured from
PETG, but embodiments are not limited thereto.
{0074] As shown mn Fig. 4, the exemplary mnserfion device i1s assembled by stacking
together a number of subassemblhies which are trapped between the top housing 100 and the
mechanism housing 300 Fig. 4 1s a view of the msertion device of Fig. 1 18 accordance
with an embodiment of the present invention. The subassemblies of Fig. 4 and discussed
m greater detail below include a catheter/septum subassembly, an infroducer needle
subassembly, and a button subassembly. Other features and functions of the msertion
device that are well-known to those skilled in the art are onutted from the figurcs and
discussion for clanty.
{0075] An excmplary catheter/septum subassembly is shown in Fig. 5. Fig. 5 ts a sectional
view of a catheter/septum subassembly of the insertion device of Fig. 1 m accordance with
an eraobodiment of the present invention.  As shown in Fig. 5, the catheter/septum
subassembly 1s assembled by attaching a catheter 202 on a metal wedge 204, then mserting
a septum 206 in the wedge and trapping it between a release collar 208 and a catheter
wedge cap 210, The septum 206 i radially compressed by the wedge 204 and aually
compressed by the release collar 208 to create a seal between the septum 206 and wedge
204. The catheter 202 can be a 240G plastic catheter manufactured using FEP, and the
release collar 208 and catheter wedge cap 210 can be manufactured using PTEG, but
cmbodiments arc not lmited thercto, The wedge 204 can be manufactured using 305
stainless steel, and the septum 206 can be manufactured using soprene, but embodiments
are not limited thereto.
{8076] Excomplary introducer nocdlc subassemblics arc shown in Figs 6 and 7. Fig 6isa
view of an infroducer needle subasserubly, assembled from the top with plastic tubing, and
Fig. 7 is a view of another miroducer needle subassembly, assembled from the side with no
plastic tubing, of the inscrtion doviec of Fig. 1 in accordance with an cmbodiment of the
10
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present mvention. The mmiroducer needle subassembly of Fig. 6 and used in the tollowing
discussion is assembled by glumng or press-fitting tubing 220 on the non-~patient end of the
cannula or mitroducer needle 222, then placing the mtroducer ncedle through an mtroducer
needle hub 224 and snapping it in place using any number of grooves, slots or detents 226
provided on a top surface of the mtroducer needle hub 224, The wntroducer needle 222 can
be a hollow, 24G needle or cannula manufachured using 304 stamless steel, and the
itroducer needle hub 224 can be manufactured using PETG. but embodiments are not
hmited thereto.

{0077] An aliemative embodiment of the introducer needle subassembly of Fig. 7 is
assembled using an mtroducer needle 232 with a long proximal end 234 that connects
directly to the pump or reservedr {not shown}. Eliminating the flexable plastic tubing 10 this
embodiment makes assembly of the insertion device easier and reduces the nisks associated
with attaching the two paris, but requires a large loop on the proxumal end 234 of the
cannuda to redoce the force needed to bend the cannula during insertion and retraction.
{0078] Other alicrnate embodiments of the mtroducer needle subassembly are shown in
Figs. 34-47. Such alternate introducer needle subassembly embodiments make assembly
of the parts in high speed manufacture casicr. Figs 34 and 35 illustrate two introducer hub
subassembly cmbodiments. As noted above, the introducer hub pushes the introducer
needle durimg insertion, loads the compression springs during msertion and retracts the
ntroducer needle after the plastic catheter 1s inserted  Fig. 34 15 an view of an mtroducer
needie subassembly 402 of the msertion device of Fig. 1, wherein the needle 404 is
assembled from the top with plastic wwbing 406, and Fig. 35 1s an view of an introducer
needle subassembly 412 of the mserion device of Fig. 1, whoremn the needle 414 15
assembled from the side with no plastic tubing.

{0079] In the embodiments of Figs. 34 and 335, the iotroducer hub 402, 412 is small in
order to koop the mscrtion mechanism small, which prescunts chalienges in molding the pa
and assembling the introducer needle 404, 414, Standard straight needle cannulation and
sluing processes are not possible due to the size hontations, so the needle 404, 414 must
include a bond and be attached to the mtroducer hub 402, 417 by somc method. Further,
the handling and asserobling such a small needle 404, 414 can be difficult and the

following assemblics are provided to simphifvibe manufactuning of such subassemblies.
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{8080] Figs. 36-3% show a uniduectional assembly imtroducer hub embodument 422 that i
suniar to the embodiment of Fig. 35, The needle 424 15 assembled into the mtroducer hub
422 from the side. The cmbodiment of Figo 35 assombly roqores mudtiple complex
motions of the introducer needle 414, the 90° bend portion of the needle 414 i ingerted
into the receiving slot 416 1o the introducer hub 412 then the short arm 418 s rotated while
bending it away from the distal end and snaped into place. The umidirectional assembly
iorducer hub 422 of Fig. 36 below is assembled by transiating the introducer needle 424
irto the slot 426 i the miroducer hub 422, This single motion makes automated assembly
casier. The long distal siraight section of the mtroducer needle 424 i3, for example, held
between plates (not shown) (o translate the needle 424 during assembly and prevent

rotation. The ntroducer hub 4727 can be molded using, for example, an A-B mold. The

shut off. As shown in Figs. 37 and 38, a front or left side structure 420 corresponds to one
stde of the mold, and a rear or right side structure 425 corresponds o the other side of the
mold.

{0081] Figs. 3943 show an insert molded introducer hub 432 with a post-processe
introducer needie 434 bend. A straight introducer needle 434 is insert molded with the
introducer hub 432 as shown in Fig. 40, and a post-process fixture with a steel dowel rod
436 is located on an upper surface of the introducer hub 432 as shown 1 Fig. 41, As
shown n Fig 42, the mtroducer needie 434 is then bent over the dowel rod 436 and
spapped inte the introducer hub 432 using snap 438 to prevent the needle 434 from
spranging back. The exemplary snap geometry is for illustration purposes and the
ivention 15 mot linatede thereto. The material, location, and diameter of the dowel rod Gf
necessary) 436 is sufficient 1o keep the bent portion of the needle 434 open and to avosd
crimping for fhuid Bow after the bend process. Then, as shown in Fig. 43, the dowle
fixuture or rod 436 is romoved and the subassembly 432 15 ready for tubing asscmbly.
{B082] Figs. 44-47 show a cannulated siraight needle mtroducer hub 442 with an
mtroducer needie 444 that 1s glued and bent post-process. A straight introducer needle 444
1s cannulated using standard proccsscs by inscrting the dull end of the necdic 444 through a
chamfered hole 446 in the imtroducer hub 442 as shown in Fig. 45, The distance from the
hub to the tip can be be set using, for example, a vision system and camera or other
suitable mcasuroment svustom. As shown in Fig. 46, the doll side of the needic 444 1s then
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bent over a rounded feature or shoulder 448 on the introducer hub 442 and snapped mio
into the introducer hub 442 using snap 450 to prevent the needle 444 from springing back.
{0083] The radius of the rounded foature or shoulder 448 15 sufficiontly large to avoud
crimping or otherwise reducing the mner diamerter of the needle 444 and ensure that flud
could flow through the bend in the needle 444, The clearance mn the introducer hub
through hole 446 required for assembly and the sprmg-back from bending process.
prevernis the needle fromy meeting the tolerance for the 90° bend angle after the first bend,
so a second distal end bend would be required 1o correct the angle without the provision of
the rounded feamire or shoulder 448, This second bend however, would release the spring
force exerted by the introducer needle on the introducer hub capturing snaps caused by the
spring back from the first bend. Alternately, the through hole 446 can be molded at an
angle to the sertion direction so the needle would meet the 90° bend tolerance afier the
first bend process which would eliminate the need for a secondary bend. However, this
solution would require a more complicated mold since the through hole 446 meold pull
direction would be differcot from the primary mold pull directions.

{0084] Accordingly, the exemplary embodiment provides that rounded feature or shoulder
448, such that the dull side of the ncedle 444 is then bent over a rounded feature or
shoulder 448 on the introducer hub 442 and snapped into into the introducer hub 442 using
snap 430 1o prevent the needle 444 from springing back. In a final assembly step, glue is
then dispensed 1 the glue well 452 shown 1n Fig. 47, The glue would secure the needle
444 from moving relative to the introducer hub 442 and catheter during insertion.

{0085] An exemplary button subassembly is shown in Fig. 8. Fig. 8 is a view of the
assembly of the button subassembly of the imsertion device of Fig. 1, iocluding the
catheter/septum subassembly and introducer needle subassembly, and Fig. 9 is a view of
the comapleted button subassembly of the insertion device of Fig. 1 in accordance with an
cmbodiment of the presont invention.  The button subasscmbly is buidt by combuung the
catheter/septum subassembly and mtroducer needle subassembly with the button 200, As
described 10 greater detail below, once assembled, the iniroducer needle subassembly
cannot be rotated in the button 200, Thoe cathetcr/soptum subasscmbly can be rotated m the
button 200 and in doing so, can be rotated from a position scourcd with the introducer

needle subassembly, to a position freed from the introducer needle subassembly.
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{8085] Specifically, the button subassembly is built by inserting the introducer needle 222
of the mtroducer needle subassembly through the septum 206 and catheter 202 of the
cathoter/septam subasscmbly.  The cathotcr/septum sabassembly 1s then scoured to the
introducer needie subassembly by rotating the catheter/septum subassembly up to 20
degrees or more to lock the detents or feoth 238 on the release collar 208 into grooves or
slots 240 on the top surface of the mntroducer needle hub 224, which couples the introdacer
necdie hub 224 and catheter/septum subassembly. In this position the teeth 238 are locked
over the top the miroducer needle hub 224 <o as the button 200 is pressed down, the
mtroducer needle bub 224 also moves down. This results 1o the introducer needle 222 and
catheter 202 being moved simultaneocusly for insertion inte a user skin surface (not shownj.
{0087} The button subassembly 1s then corapleted by snapping the release collar 208 into
the bution 200 to secure the wntroducer needle subassembly and the catheter/septum
subassembly i place. To do so, the button 200 can include detents 212 on deflectable
arms 214 to deflect and then capture therebetween the lower edge of the release collar 208
as shown o Fig. 9. Between the deflectable arms 214, slots 216 are provided i the bution
200 to allow hinear travel of the meroducer needle hub 224 relative to the button 260, but
prohibit rotational movement of the introducer needle hub relative 1o the button 280, The
slots 216 in the button 200 also allow rotational movement of the radial operation pin 218
of the release collar 208 relative to the button 200 as described in greater detail below. In
the exemplary embodiment, a substantially cyhindrical-shaped pin 218 1s shown on an outer
circumference of the release collar 208, However, in this or other embodiments of the
present mvention, any detent or projection of the release collar which can operate with the
helical pathway can be provided as the radial operation pin.

{0088] The bution subassembly can then be assembled with the housing top 100 and
mechanism housing 300, Fig. 10 is a view of the assembly of the button subassembly and
springs into the housing of the imscriion device of Fig 1 and illustrating the usc of
temporary protective tubing on the catheter, and Fig. 11 is a view ot the partiallyv complete
assembly of the buiton subassembly and springs into the housing of the mseriion device of
Fig. 1. Fig 12 is a view of the comploted assembly of the imscrtion dovies of Fig. 1
wherein the base i1 omutted for illustration purposes i accordance with an embodiment of

the present mvention,
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{0089] To complete assembly, the bution 200 and assembiy thercof is shidably assembled
with a projection 106 extending from an inner surface of the top housing 100 as shown
grcator detadd in Fig. 13, Fig. 13 1s a scctional view of the fullv assombled mscrtion dovieo
of Fig. ! ir a pre-activation state in accordance with an embodiment of the present
mvention. A button lock amm 112 of the top housing 100 retains the button subassenbly m
place during the next assembly step which is placing the mechanism housing 300 into the
top housing 100 thereby trapping the other subassemblies therein

{0090] During the placement of the mechanism housing 300 into the top housing 100, a
piece of temporary tubing 228 15 placed over the catheter 202 and introducer needie 222
therein (o both protect the needle tip and gwde the catheter through the exut hole in the
mechanism housmg 300 during assembly.  Retraction springs 230 are press fit onto the
mtroducer needie hub 224 and the button subassembly 1s inserted through the hole 104 in
the top bousing 100 as shown in Fig. 1. The tubing or cavnula 220 that connects to the
reservolr of pump (not shown} is sealed in a receiving feature in the top housing. The
springs 230 can be mavufactured using staindess stecl, but embodiments are not limited
thereto.

{0091] The mechanism housing 300 1s preferably comprised of three cvhinders, gwdes or
barrels, including a center barrel 302 that shdably receives and guides the button
subassembly, and two barrels 304, one on cach side of the center barrel 302 that constrain
the springs 230. Dunng assembly, the springs 230 are captured between bosses 242 of the
introducer needle hab 224 and a bottom of the barrels 304 of the mechanism housing 300,
In domyg so, the springs 230 exert an expansion force between the mtroducer needle hub
224 and a bottom of the barrels 304 of the mecharusm housing 300, In the exemplary
embodiment, a plurality of sprngs 230 and adjacent barrels 304 are shown. However,
this or other embodiments of the present nvention, a single spring and adjacent barcel can
be provided n substantislly the same manncr, whercin the wnused adjacent barrcl can be
left empty or can be omitted entively. Sull further, a single spring can be provided n the
button top and extended during msertion that, epon completion, retracis to s natural state
thereby retracting the infroducer needic from the catheter.

{0092] The rounded, bosses 242 are provided with a diameter and length 1o center and
align the sprmgs 230 dunng operatton. The springs 230 can be partially preloaded dunng

asscmbly of the msortion dovice, and the mochanssm housing 300 can be lascr welded or
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zhued to the top housing 100, The bottors or base 102 can then be added. In doing so. the
full and complete nsertion mechanism subassembly can be placed onto the base 102 with
all of the other componcents, as the last assombly step. Having the completed insertion
mechanism subassembly allows for casy handling in production, as opposed o trapping all
of the parts between the top and botiom housings. In an exemplary production, the
mechanism housing 300 would be attached to the top housing 100 using snaps or adhesive
{(not shown} which holds together the mechanism.  In vet two other exemplary
embodiments described below n regard to Figs. 25 and 26, similar subassembly concepts
are used 1o make assembly manageable, but the subassembly 1 an independent unit in one
embodiment and part of the base in the other.
{0093] In cach embodiment, after finally assembly, the msertion device 1s hermetically
sealed from the remainder of the device. That 1s, the mechamism housmg 300 wto which
water from a shower or swinuming is free 1o enter through the catheter exit hole or from the
button hole 1n the housing top, ts hermetically sealed with the laser welding or ghung step,
thercby protecting the remaining content of the device housing 100, such as content of the
electronic/pump compartments of the device.
{0094] Fig. 13 is a sectional view of the fully assembled msertion device of Fig. 1 and Fig.
14 158 another sectional view perpondicular to the view of Fig. 13 of the fully assembled
msertion deviee of Fig. 11in a pre-activation state in accordance with an embodiment of the
present invention. As shown in Fig. 13, one or more breakable ribs 236 on the activation
button 200 are captured by step detents 1190 in the top housing 100 to hold the button 200
in the pre-activation position. A safety tab (not shown) could also be positioned in the
button slot which would prevent accidental activation during shipping and handling of the
evice once it 1s removed from the packaging. The safety tab would be removed just prior
o inserton.
{B095] To activatc the dovice, the user pushes the button 200 into the top housing 100,
Unce the nbs 236 break or detormation force threshold s exceeded, the three ribs 236 yvicld
and the button 200 abrupily moves downward mserting the imtroducer needle 222 and
cathctcr 202 and loading the retraction springs 2306, The springs 230 can be partially
preloaded during assembly of the insertion device. The munimum break foree of the

breakable nibs 236 ensures that the user pushes hard enocugh to fully insert the catheter.
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Partial activation would result in the catheter not fully inserting. the introducer needle not
retracting and the catheter not locking in the post activation posifion.
{0096] The rwelcase of the bution 200 from the ribs 236 1s configired {o occur onec a
desired amount of activation force has been applied to the button 200, Since the button
200 15 releasably held in the up and oxtended position by the engagement between the ribs
236 and the step detents 110, the force applied to the button 200 by the user steadily
increases for some period of tune prior to release. Upon sudder release, the foree upon the
hutton 200 has reached a desired value and therefore, the button 200 is accelerated
downward due to the sudden freedom to travel and the desired force applied to the bution
at the time of release and maintained thercafter. Such release ensures that a desired
amount of downward force, speed, smoothness and angle has been applied by the user
Such activation substantially climinates variations m the user force apphed, speed.
smoothness and angle thereof, and reduces msertion farjure and/or discomfort to the user,
{08977 After the release of the batton 200, the button subassembly and components therein
begin to travel through the mechanisio housing 300, Fig. 15 shows a view of the insertion
device at the beginning of such nsertion. Fig. 13 1s a sectional view of the Tully assemble
msertion device of Fig. 1 in an intermediate activation state i accordance with an
embodiment of the prosent invention.
{0098] Fig. 15 also illustrates one of the two teeth 238 on the rwelease collar 208 that
couples the introducer needle hub 224 and catheter/septum subassembhies. In this position
the teeth 238 are locked over the top the introducer needle hub 224 so as the button 200 is
pressed down, the introducer needle hub 224 moves down as well, As the bution 200 is
pressed down, the introducer noedle hub 224 moves down as well, which results m the
mtroducer needle 222 and catheter 202 being sunulianeously inserted into a user skin
surface (oot shown}, and also resulis in the introducer needle hub 224 compressing the
springs 230, In order to create an jnserfion dovice with a small foot print, cach of the
springs 230 has a small diameter relative 1o the compression length which, if unsupported,
wouild cause the springs (o buckle duning compression. The bosses 242 on the mtroducer
noedic hub 224 transglate through the nuddic of the springs 230 during compression to
prevent the springs 230 from buckling. In the exemplary embodunent, the springs 230 are
compressed, and exert an expansion force {o retract the mmiroducer needle hub and
mntroducer necdle. Howcever, i this or other embodimoents of the presont mvention, onc or
17
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more ¢xtenson springs can be used. and cxert a retraction force to retract the introducer
noedle bub and ntroducer needle.

{0099] As notod above, the catheter/soptum subassembly of Fig. 5 1s attached to the button
200 and introducer needlie hub 224 but is free to rotate up to 20 degrees around the primary
axis. In thus case, the primary axis is defined as the axis extending along the geometric
center of the msertion needle 222 Slots 216 are provided in the button 200 to allow hnear
travel of the introducer needle hub 224 relative to the bution 200, but prohibit rotational
movement of the introducer needie hub relative 1o the button 200, The slots 216 in the
button 200 also allow rotational movement of the radial operation pin 218 of the release
coliar 208 relative to the button 200, The angle of this rotation is controlied by the radial
operation pin 218 extending from the release collar 208 Dunng msertion, that s,
downward travel of the button subassembly, the radial operation pin 2 1% travels 1 a belical
pathway 400 created by the combined features m the top housmg 100 and mechamem
housing 300, During sach travel, the radial operation pin 218 of the release collar 208
rotates the release collar 208 1o eventually rolease the introducer needie subasserubly from
the catheter/septum subassembly. The surfaces 108 in the op housing 100, and 308 in the
mechanism housing 300 that create the belical pathway 400 are divided between two parts,
s that both parts can be molded without shides. That is, by creating the helical pathway
400 using the coupling of two separately molded parts, a single part having the slide or
pathway molded therein 1s not reguired, significantly simphifving the manufacture of the
mnsertion device. Figs. 17 and 18 show the surface 108 in the top housing 100, and 308 in
the mechanism bousing 300 that create the helical pathway 400 when assembled.

{00100} Fig. 17 1z an bottom view of the top housing 100 of the insertion device of
Fig. I illustrating a poriion of the pathway surface, and Fig. 18 s a view of the mechanism
housing 300 of the msertion device of Fig. 1 illostrating the remainmyg portion of the
pathway surface of the radial operation pin 218 in accordance with an cobodiment of the
present mvention. As shown mm Fig. 17, the projection 106 of the top housmg 100, mto
which the button subassembly 1s slidably disposed, ncludes an edge that can be provided
with a similar curved, contourcd, or otherwise configurcd shape 10X that, upon assombly
with the mechanism housing 300, forms one balf, side or portion of the helical pathway
400, As shown m Fig. 18, an inner diameter or chamber surface of the mechamism housing
300, mto whuch the button subasscmbly is slidably disposcd, can bo provided with a

1%
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curved, contoured. or otherwise configured shape 308 that, upon assembly with the top
housing 100, also forms one half, side or portion of the helical pathway 400, When the top
housing 100 and mochanism housing 300 are assombled, the clements 108 and 308 form
the helical pathway 400, The pathway is belical to induce a rotational movement of the
release collar 208 relative to the button 200 by guiding the radial operation pin 218 therein,
as the button 200 and release collar 208 travel m a linear dirgction.

{00101} As noted above, the slots 216 provided in the button 200 allow movement
of the radial operation pin 218 of the release collar 208 Further, the catheter/septum
subassembly of Fig. § is attached to the button 200 and mtroducer needle hub 224, but 1
free to rotate up to 20 degrees around the primary axis. Such 20 degrees of rotation
permits the travel of the radial operation pin 218 of the release collar 208 10 the helical
pathway 400. As the bution 200 15 pressed down, the release collar 208 and radial
operation pin 218 of the release collar 208 move down as well through the stationary top
housing 100 and mechanism housing 300, The radial operation pin 218 of the release
collar 208 therefore, slidably disposed in the helical pathway 400, rotates the release collar
when moved down through the stationary top housing 100 and mechanism housing 300 by
the button 200,

{00102 in the pre-activation state, the radial operation pin 218 angle is constrained
to an oricntation in which the teeth 238 of the release collar 208 are fully engaged with the
ntroducer needlie hub 224 During button 200 movement between the pre~activation state
and the post-activation state, the radial operation pin 218 of the release collar 208 rotates
the release collar 208 when moved through helical pathway 400 of the stationary top
housing 100 and mechanisa housing 300,

[00103] In the post-acuvation state, the radial operation pin 218 bas been rotated up
to 20 degrees, which decouples the introducer needle hub 224 from the tecth 238 of the
release collar 208, frecing the introduccr noodic bub 224 from the rolease collar 208, to bo
retracted by the compressed springs 230, The release collar 208 and other elements of the
catheter/septum subassembly are lefl i the down and nserted position.

{00104] Fig. 19 shows the mscrtion dovicee dunng insertion of the introducer necdle
2272 and catheter 202 and at a point just before the introducer needle hub 224 is released by
the radial operation pin 218 of the release collar 208 for retraction. The radial operation

pin 218 and the scloase collar 208 15 almost fully rotated by cngagoment with the holical
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pathway 400 and where, at the end of rotation by the helical pathway 400, the teeth 238 on
the release collar 208 are about to move free of the detents 240 of the introdocer needle hub
224 and rcleasc the introducer ncedic hub 224 so it can be pushod up and rotraciced by the
springs 230, That is, as the radial operation pin 218 and the release collar 208 are rotated
by engagoement with the helical pathway 400, the teeth 238 on the rclease collar 208
simultaneous rotate until free of the detents 240 of the introducer needie hub 224, At this
poiat, the release collar 208 being held down by the button 208, is no longer secured to the
introducer needie hub 224, and the springs 230 force the introducer needle hub 224 and
introducer needle 222 upward and nto the retracted position. leaving the catheter/septum
subassembly 1n the down and inseried posttion. The button 200 is locked in the down
posttion, therehy holding the catheter/septum subassembly 1 the down and 1nserted
posttion. The lock arm 112 that protrudes from the top housing 100 that retains the button
subassembly i place during assembly can also be configured to snap into a detent 244 m
the button 200 1n the post-activation state locking the button subassembly m place keeping
the cathoter 1o the skin as shown in Fig. 22.
{00105] Fig. 20 shows the insertion device just at full msertion of the mtroducer
needle 222 and catheter 202, The retraction springs 230 are fully compressed and the
radial operation pin 218 and release collar 208 have been rotated to an oxtent required for
decoupling the teeth 23R of the release collar 208 from the mtroducer needle hub 224 to
release the miroducer needle hub 224 for retraction as shown i Figs. 21 and 23, Figs 21
and 23 show the msertion device in a post-activation state. At this point, the release collar
20% being held down by the button 200, 15 no longer secured to the mtroducer needie hub
224, and the springs 230 force the introducer veedle hub 224 and wiroducer needle 222
upward and into the retracted position, leaving the catheter/septum subassembly n the
down and inserted position.
{0106] The mtroducer necdle 222 retracts farther mto the housmg than s pro-
activation state posrtion o ensure needle stick shielding and to protect the catheter from
damage. The tip of the iniroducer needle 222 remains sealed by the septum 206 1 the
fivid path to form an unintcrrupted fluid path with the cathcier 202, In this or other
embodiments, the tip or distal portion of the mtroducer needle 222 remains within the
catheter 202 and sealed by the septum 206 o form an wnnterrupted flund path with the
cathetor 202,
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{00107] In the exemplary embodiments, manual msertion of the ntroducer needle
and catheter allows the insertion device to be smaller, simpler and cheaper than insertion
dovices employing spring assisted macrtion.  Qther patch pumyp plastic catheter inscrtion
mechanismes use insertion springs which are large relative to the retraction spring because
the insertion force is large relative to the retraction force. Fully integrated, spring assisted
msertion also requires angled insertion for a low profile device which increases the stroke
and greatly increases the wound and mechanism size. The insertion spring serves no
purpose after insertion, but simply takes up room i the device wherein size is one of the
most important user reguirements for the product.
{00108} In the exemplary embodiments, the dual retraction spring configuration also
allows for a very small size. One barrel of the msertion device housing guides the bution
and catheter, and the adjacent barrels house the two retraction springs. Having the springs
m separate barrels and divected by bosses on the maroducer needie hub allows for much
smaller springs than a single barrel configuration in which the spring is coaxial with the
cathetor. A single coaxual spring ¢reates access to the button assombly since spring design
hmitations require the spring (o extend nearly from the bottom of the housimg to the top.
Access 1s requuired for features like the locking arm and if the features are implemented
inside the spring, the entire mechanism must grow 10 accommodate them increasing the
mechanism foot print.  Passively locking the catheter down and retracting the introducer
needle creates the simplest posstble manual inserbion user interface for a manual msertion
mechanism which 18 a single button push.
001091 As noted, the retraction springs 230 are minimally loaded before use to
ensurc that the miroducer needle 222 retracts into the device completely. The springs 230
ioad further during insertion. Providing munimally loaded sprngs and not fully loade
sprimgs in the msertion device, reduces the risk associated with sterilizing and storing
foaded springs and simplifics the design.
{0110 To operate the insertion device, the user applies the imsertion device to a
skin surface using an adhesive upon the base 102 of the device. The user then manually
pushes the protrading button 200 wtd breaking or deforming the nibs 236, The button 200,
now suddenly free to travel, is rapidly pushed into the top bousing 100 and serves to push
and msert the plastic catheter 202 and mitroducer needle 222 mio a user slan surface. Ag
the button 200 1s being pushed, the releasce collar 208 1s rotated by the radial operation pm
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218 of the release collar 208 moving through helical pathway 400, The release collar 208
is rotated fo an extent required for decoupling the release collar 208 from the mtroducer
nocdle hub 224, and the wtreducer needic huih 224 and mtroducer ncedle 222 are then
retracted 0 a retracted position, exeeading that of the original needle position to ensure
needle shiclding. The plastic catheter 202 now uncoupled from the introducer needle 222
is left in the down and mserted position. The button 200 automatically locks m the down
position, flush with the top of the housing, which also locks the catheter at the desired
depth m the subcutancous layer. A sensor {not shown) can be provided to sense the post-
activation state and advise other clectronics (not shown} that the catheter has been inserte
property which allows the patient to infuse medicament. A pump or reservoir then infuses
medicament through the tntroducer needle, into the catheter and out #nto the patient’s
subcutancous laver,

fO0111] To best target the desired depth, the base can include skin interface
geometry to achiove and maintain a desired msertion depth, avoid skin sorface tenting,
and/or tension the skin surface at the inscrtion site. Figs. 48-50 show examples of such
skin mterface geometry with a catheter deploved. In the perspective view of the device
502, a post 5304 from which the catheter 306 extends durning placement, protrudes into the
skin surface {not shown) which helps prevent shallow ¢atheter tip insertion in cases where
the skin tented. The post 304 can extend from the base surface of the device 302 w any

desired length, and can be rounded and/or chamfered at the distal end contacting the skin

surface.
{00112} A well 508 can be provided surrounding the post 304, The well 508
provides space for the skin that 15 displaced during insertion and helps the post 504

protrude o the skin surface. A wall 510 surrounds and defines the well 508, and can
extend from the base surface of the device 302 to any desired length and can be rounded
and/or chamfored at the distal ond contacting the skin surfacc. The round opposmg
cvimders 512 m Figs. 48-30 can be provided, or excluded from the geometry as deswe

{11 3] In the above exemplary embodiment, the msertion mechanism can be
crcated as a sabasscmbly in the top bousing 100, This allows the inscrtion micchanisim fo
be handled casily dunng production so the other sub svstems can be assembled.

Alternatively, the insertion mechanism can be created as a subassembly separate from the
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top housing 100 or base 102 as shown in Fig. 23, or as a subassembly in the base 102 as
shown n Fig. 26,
{001 14) In Fig. 25, a complcted bugton subassembly 230, substantially the same as
described in regard to Fig. O, is secured within a mechanism housing 330, substantially the
sane as described i regard to Fig. 4. using, for example, snaps or detents 252, In this
case, the insertion mechanism 15 created as a subassembly separate from the top housing
160 or base 102, Upon completion, the insertion mechanism of Fig. 25 can then be
assembled with one or more of the top housing 100 and base 102,
[00115] In Fig. 26, a completed bufton subassembly 260, substantially the same as
cseribed in regard to Fig. 9, 18 secored within a mechanism housing 360, substantially the
same as described 10 regard to Fig. 4. In this case, the insertion mechanism s ereated as a
subassembly i the base 102, Further. in each embodiment of Figs. 25 and 26, the surfaces
that create the helical pathway as described above m regard to Figs. 17 and 18, can be
provided m the bution subassembly 250 and mechanism housing 350, and in the button
subassembly 260, mechanism housing 360 and/or base 102, such that the surfaces can
again be divided between two parts, so that both parts can be molded without shdes.
{00116} In the above excmplary embodiment, the ribs 236 deternmine the minimoam
sertion force to start activation of the device which ensures full activation. Alternatively,
the lock arm 112 can be contigured to also determine the mininwm activation force, As
noted above, the lock arm 112 protrudes from the top housing and snaps mto a detent in the
button in the post-activation state locking the button subassembly in place keeping the
catheter in the ckin. Fig 27 shows another embodiment of the lock arm 272 including a
flange 274 on the lock am that holds the button 270 m the pre-activation position. The
contoured flange 274 of the Jock am 272 protrudes and captures a bottom edge of the
button 270 in the pre-activation state, holding the bution subassembly in place untl a
sufficient force 1s gpplicd to the button. Uncce a sufficicnt foree is apphied to the button
270, the flange 274 1s detlected clear of the button 270, The lock arm 272 bends out of the
path of the msertion button 270 when sufficient force 1s applied. Fig. 28 shows the device
in an intcrmoediate state during 1oscrtion. The lock arm 272 would be bent cutward instead
of interfering as Fig. 28 depicts. The nuinimum deflection force of the lock arm 272 and

flange 274 ensures that the user pushes hard encush o fully msert the catheter. The lock
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arm 272 and flange 274 theo snap into the detent 276 in the button 270 when the bution
reaches the down most position which locks the button and catheter as shown i Fig, 29
{00117] In the above cmboedimoents, a patch pump can be provided with one or more
of the described featurcs. Fig. 30 is a perspective view of an exemplary embodiment of a
patch pump 1 according to an exemplary embodiment of the invention. The patch pump 1
1s tHustrated with a see-through cover for clarty and dlustrates varicus components that are
assembled to form the patch pump 1. Fig. 31 is a view of the various components of the
patch pump of Fig. 30, dlustrated with a solid cover 2. The various components of the
patch pump | may include: a reservoir 4 for storing nsuling a pump 3 for pumping insulin
oot of the reservoir 4; a power source 3 in the form of one or more batteries; an msertion
mechanism 7 for inserting an inserter needle with a catheter mto a user’s skin control
clectronics § in the form of a cireunt board with optional communications capabilitics to
cutside devices such as a remote controller and computer, including a smart phone; a dose
button 6 on the cover 2 for actuating an tnsulin dose, inclading a bolus dose; and a base 9
to which various compouents above may be attached via fasteners 91, The paich pump 1
also includes varous fluid connector lines that transfer insulin puraped out of the reservoir
4 to the infusion site.

{00118 As noted above, it should be understood that inserier mechanisms come m
various configurations. fn some emboduments, the mserfer mechanism inserts a soft
catheter into the skin. In these embodiments, typically the soft catheter 1s supported on a
rigid insertion needle. The msertion needle is inserted into the skin along with the soft
catheter, and then retracted from the skin, leaving the soft catheter in the skin. In other
embodiments, a soft catheter is not provided, and the insertion needle remains in the skin
and forms a portion of the wsulin flow path to deliver insulin until the infusion is finished.
Insertion needles are typically hollow, and need to be holiow if they form past of the
msulin flow path. Howcever, insertion needles that support a soft catheter and then rotract
may be solid or hollow. If the insertion needle deplovs a soft catheter, and retracts but
remains part of the 1nsuhn flow path, then the msertion needle should be hollow. However,
if the mscrtion necdic deplovs a soft catheter and then retracts but docs not form part of the
insulin flow path, then the insertion needle may be solid or hollow. In cither case, the
inserlion needle 1s preferably nigid enough to reliably penetrate the skin, but otherwise may

be made flexible cnough to provide comfort to the user.
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{80119] Fiz. 32 is a perspective view of an alfernative design for g patch pump 1A
having a flexible reservoir 4A, and lustrated without a cover. Soch armangesnent may
farther roduce the oxternal dimoensions of the patch pump 1A, with the flexable rescrvorr
4A filling voids within the patch pumyp 1A, The patch pump 1A is ilustrated with a
conventional cannula msertion device 7A that inserts the cannula, typically at an acute
angle, less than 90 degrees, at the surface of a user’s skin. The patch pump 1A further
comprises. a power source 3A in the form of batteries; a metering sub-system 41 that
monitors the volume of wsulin and includes a low volume detecting ability; control
electromics 8A for controlling the components of the device, and a reservoir fill port 43 for
receiving a refill svringe 45 to il the reservoir 4A.

{001 20] Fig. 33 15 a patch-pump fluidic architecture and meterimg sub-system
diagram of the patch pump A of Fig. 32, The power storage sub-system for the patch
pump A includes batteries SA. The control electronics 8A of the paich pump 1A may
include a mucrocontrolfer 81, sensing electronics 82, pump and valve controller 83, sensing
electromics 85, and deplovment clectronics 87 that control the actuation of the patch punyp
1A The patch pump 1A includes a flundics sub-system that may include a reservoir 4A,
volume sensor 48 for the reservoir 4A, a reservoir fill port 43 for receiving a refill syringe
45 to refill the reservoir 4A. The fluidics sub-system may inchude a metering system
comprising a pump and valve actuator 411 and an integrated pump and valve mecharism
413 The fluidics sub-system may further include an occlusion sensor 49, a deploy
actuator 7, as well as the canmula 47 for insertion into an infusion site on the usger’s skin.
The architecture for the patch pumps of Figs. 30 and 31 1s the same or similar to that which

is dlustrated m Fig, 33,

{00121} Another exemplary embodiment of the cannula inscrtion device is
Hustrated 1o FIG. 34. FIG. 34 15 a perspective view of this embodiment of the cannula
msertion device, FIG. 35 13 an exploded view illustrating the components ot the
embodiment illustrated in FIG. 34, The components of the cannula insertion device
Hlustrated here mchide a housing 3401, a return spring 3402 a catheter hub 3403, a
cannula 3404, an engagement and release clip 3405, a septum amd wedge 3406, needie hub
3407, and bution 3408, As illustrated needle hub 3407 preferably surrounds housing 3401

and includes openings to permit button 3408 o slide relative to needie hab 3407,
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{80122] Needle hub 3407 engages a nigid insertion needie 3409 and is biased
upwardly by the return spring 3402, FIGS. 36 A and 368 dlustrate finng amms 3410
incorporated into the housing 3401, The housing 3401 preferably inchudes at loast onc and
preferably two firing amms 3410 located on opposite sides of the housing 3401 As
lustrated 1o FIG. 368 finng arms 3410 are substantially rigid but are capable of flexing
and 1 an mtial configuration prevent button 3408 from bemg moved downwardly until
sufficient force is applied to the button to overcome the rigidity of the firing arms 3410,
Accordingly, once sufficient foree is applied to button 3408 the firing anms 3410 flex out
of the way and permit the button to slide into housing 3401, The housing material, the
shape and length of the firing arms 3410 and the shape of the button 3408 distal surface are
configured such that the force required to overcome the resistance of the firing armis 3410
18 sufficient to cause the insertion needle to be fully ingerted by a person pressing on bution

3408.

{00123] FiG. 37 illustrates a force profile relative to the bution 3408, As iHustrated
force apphied to the button mereases sharply until it reaches a fining snap peak. This i
when the button overcomes the resistance of the firing arms. Next the force quickly drops
towards zero force from the firing snap peak and then gradually mcreases with energy
apphicd fo the return spang 3402 Finally, when the button is fully iaserted the engageraent
and release clip releases the needle hub 3407 releasing the return spring reducing the force

on the button 3408 1o near zero.

{00124} FIG. 38 ig a cutaway view illustrating the engagement and release chip 3405
in its itial configuration. The engagement and release clip 3405 1s contained within the
housing and binds the catheter bub 3403 1o the needle hub 3407, FIGS. 39A and 398
iustrate the function of the engagement and release chip 3403 in further detall. Figure 39A
illustrates the engagement and release chip 3405 before the bution 3408 13 pushed. As
shown in FIG. 39A the engagement and release chip 3403 prevents needle hub 3407 from
separating from catheter lgb 3403, Once the button 3408 has been pressed far enough
engagenent and release clip 3408 reaches the distal portion of the housing 3401 and a pair
release windows 3411 permit engagement and release clip 3403 to retum (o its relaxed
position, thereby releasing the needie hub 3407 from the catheter hub 3403, In the relaxed

position, the engagement and release clip 3403 is prevented from moving in a proximal
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direction by engagement of the arms of the clip 3405 in the release windows 3411,
Accordingly, the engagement and release clip 3403 serves the dual purpose of releasing the

needle hub and simultancously retaining the cathetor hub in the mserted posttion.

[ 25] FiG. 40A dlustrates engagement and release chip 3405 m its relaxed state
and FIG. 40B illustrates the engagement and selease clip 3405 i its tensioned state which
1s the configuration the clip 3415 while i 1¢ instalied nside the housing 3401 and prior to
bemg moved toward the release windows 3411, Tn this configuration the aros 3412 of the
engagement and release clip 3405 press outwardly on the inner surface of the housmg
3401. The engagement and releasc clip 3405 also proferably contamn a connecting mombor
3413 that connects the arms 3412 o onc ancother and also 1ncludes an opening 3414 to

permit the insertion needle 340% 10 move relative 1o the clip and inside the opening 3414

{00126} FIGS. 41A-410 illustrate alternative embodiments of the engagement and
release chip 3405 FIG. 41A illustrates engagement and release clip 3405 in is released
state and FIG. 418 llustrates the relative profiles of one arm of engagement and release
clip 3405, comparning the relaxed state configuration to the compressed state. FIGS. 410
and 4 11 illustrate altemative configurations for the arms of engagement and release clip
34405 as well as relative strosses applied 1o different portions of the clip 3405 in its

tensioned state.

001271 FiG. 42 is a cross-section illustrating the relative positions of the needle hub
3407 and catheter hub 3403 with septum and wedge 3406 and the engagement and release

clip 3405 m the mstalied configuration before the button 3408 is pressed.

{00128] FIG. 43 iilustrates a side profile of one arm 3417 of the engagement and
release clip 3405, This view also illustrates where the catheter hub and the inner housing
contact the chip 3403, and the ension and opening components of the force applied by the
clip arm 3412 at the contact location relative to the needie hub 3407,

[00129] FIG. 44 15 a perspective view from outside of the housing 3401 idlustraling
the position of the engagement and release clip 3405 once the button is fully depressed and
the clip 3403 reaches windows 3411, Windows 3411 permut the ¢lip 3405 to retum to its

relaxed state and thereby release needle hub 3407, FIG. 45 is a ancther perspective view
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vlustrating the configuration of the engagement and release chip 3403, the ncedie hub 3407,

and the window 3411 just at the point when the clip 3405 first reaches the window 3411

{60138] FIG. 46 ilustrates another aspect of thus entbodiment of the inscrtion
mechanism. In some versions the button 3408 includes a translocent or transparent window
3414 which permits the needle hub 3407 to be visible to a user to confinm that the insertion
needlie 3409 has retracted properly

{80131} Although only a few exemplary embodiments of the present invention have
been descernibed in detatl above, those skilled in the art will readily appreciate that many
modifications are possible in the exemplary embodiments withowut materially departing
from the novel teachings and advantages of thus 1ovention. Accordingly, all such
modifications are infended {0 be meluded within the scope of the appended claims and

their equivalents.

28



WO 2022/271910 PCT/US2022/034665

WHAT IS CLAIMED 15

i An mscriion mechanism comprsing:
a housing comprising at lcast onc relcase window at a distal portion ot the housing;
a Hioable finng amm;

a button slidable within the housing from an iratial proxumal position to an mserted

distal position;
a catheter hub fixed to a catheter;

a needle hub fixed 1o an insertion needie, the insertion needle being inserted into

the catheter in an initial configuration;

an engagement and release clip being larger thas an wside of the housiog m a
rolaxcd stated and being compressed within the inside of the housing and cngaging the

catheter hub to the needie hub the compressed state;

a return spring biasing the needle hub in the proxamal direction and being

compressed as the button moves distally,

wherein the finmg arm interferes with movement of the button m a distal divection
until a predeterminced foree 13 applicd to the button, causing the firing arm to flox and
release the bution;

wherein the engagement and release ohp expands toward its relaxed configuration
when the button is pressed distally and the release and engagement clip becomes aligned
with the release window: and

wherein the return spring moves the needle hub to a final proximal position when
the engagement and release chip expands and thereby releases the needle hub from the
catheter bub.
2 The insertion mechanism of claim 1, wherein the needle bub substantially

surrounds the button and the housing.
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3. The insertion mechanism of ¢laim 1, wherein the needle hub comprises at least one

opening through which the button may move.

4. The insertion mechanism of claim 1, wherein the housing comprises two firing

arms on oppostio sides of the housing.

5. The inscriion mechanism of claim 3, wherein the neodle hub compriscs two

cpenings through which the button may move.

6. The insertion mechanism of claim |, wherein the engagement and release clip

cOmprises two arms joined by a connecting member,

7. The insertion mechamism of claim 6, wherein the connecting member comprises an

opening that receives the msertion needie and the catheter.

8. The mscriion mochanism of claim 1, furthor comprising a septum and wedge

connected to the catheter, the inscrtion needle picreing the septum.

Q. The insertion mechanism of claim 1§, wherein the button comprises a transhucent
button face through which the peedle hub is visible when the msertion mechanism has

deploved successfully.

10. The inscrtion mochanism of claim 1, wherein when the cngageomeoent and relcase clip
is 10 the relaxed state and aligned with the release window the engagement and release clip

prevents the catheter hub from moving in a proximal direction.
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it A method of inserting a catheter comprising the steps oft

providing a housing comprising at least one release window at a distal portion of

the housing:

providing a buiton slidable within the housing from an mitial proximal position to

an wpsorted distal postion,
fixing a cathetor hub to a catheter;

fixing a necdle hub to an nscrtion necdie, the msertion necdle bomg inscrted into

the catheter in an titial configuration;

inserting an engagement and release clip into inside of the housing in a compressed

state;

engaging the catheter hub to the needle hub with the engagement and release clip in
the compressed state;

providing a retum spring to bias the ncedle bub n the proamal dircction, the seturn
spring being compressed as the button moves distally;

providing a firing arm that interferes with movement of the button in a distal
direction until a predetermined force 15 applied to the button, causing the finmg amm to flex

ard release the button;

permitting the engagement and refease clip to expand toward 1ts relaxed
configuration when the button is pressed distally and the release and engagement clip
becomes aligned with the release window; and

moving the veedle hub 1o a final proximal position with the return spring when the

cngagement and relcase clip oxpands and thoreby releascs the needic hub from the cathetor

hub.

12. The method of inserting a catheter of claim 11, further comprising substantally

surrounding the housing and the button with the needle hub.

3
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13, The method of mnserting a catheter of claim 11, further comprising the step of

forming at least one opening through which the button may move.

14 The method of nserting a catheter of clanm 11, further comprising forming two

firmg arms on opposite sides of the housing.

15. The mothod of mscrting a cathcter of clamm 11, further comprising the step of

foroung two openings through which the button mayv move in the needle bub.

16. The method of inserting a catheter of claim 11, further comprising forming the the

engagement and release clip with two arms joined by a connecting member,

17. A medicament infusion device comprising:

a device housing compnsing a medicament reservolr connected to a catheter;

a button housing comprising at least one release window at a distal portion of the
bousing;

a flexible firing arm;

a button slidable within the housing from an imitial proximal position to an mserted
distal position;

a catheter hub fixed to the catheter;

a needle hub fixed (0 an insertion needle, the msertion needle being inserted into
the catheter in an mnitial configuration;

an engagement and release clip being larger than an nside of the housing m a
relaxed stated and being comprossed within the inside of the hoossing and engagmg the
catheter hub to the needle hub the compressed staie;

a return spring biasing the needie hub in the proximal direction and being

compressed as the button moves distally;

3
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whercin the firing amm interferes with movement of the bution m a distal direction
until a predetermined foree is applhied to the button, causing the firing arm to flex and

relcase the button:

wheremn the engagement and release clip expands toward its relaxed configuration
when the button s pressed distally and the release and engagement clip becomes aligned

with the release window: and

wherein the return spring moves the needle hub to a final proxamal position when
the engagement and release ¢lip expands and thereby releases the needle hab from the

catheter hub.

8. The medicament infusion device of clatm 17, wherein the needle hub substantiaily

surrounds the button and the housing.

19 The medicament wfusion device of claim 17, wherein the needle heb comprises at

least one opening through which the bution may move.

20, The medicament infusion dovice of claim 17, wherein the housing comprises two

firing arms on opposie sides of the housing.

21 The medicament mfusion device of claim 19, wherein the needle hub comprises

wo openings through which the button may move.
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