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Abstract

An infusion set adapted to be secured to a skin surface includes a fixed base
member and a movable slide member. The fixed base member is connectable to the skin
surface. The movable slide member has a needle or cannula connected thereto and is
movable relative to the fixed base member. The movable slide member is movable from a
first position in which the needle or cannula is not exposed extemally of the fixed base
member to a second position in which the needle or cannula is exposed externally of the
fixed base member. The movable slide member is locked to the fixed base member in the

second position.
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Angled Inserter For Drug Infusion

by

Russell S. Cole
and

Arthur L. Klotz

Field of the Invention

[0001] The present invention relates generally to angled infusion sets, particularly
angled intradermal infusion scts. More particularly, the present invention relates to angled
intradermal infusion sets having a removable inserter that prevents partial needle insertion.
More particularly, the present invention relates to angled intradermal infusion sets in which

a direction of user motion is different from a direction of needle insertion.

Background of the Invention

[0002] A large number of people, including those suffering from conditions such as
diabetes use some form of infusion therapy, such as daily insulin infusions to maintain
close control of their glucose levels. There are two principal modes of daily insulin
therapy. The first mode includes syringes and insulin pens. These devices are simple to
use and are relatively low in cost, but they require a needle stick at each injection, typically
three to four times per day. The second mode includes infusion pump therapy, which
entails the purchase of an insulin pump that lasts for about three years. The initial cost of
the pump can be significant, but from a user perspective, the overwhelming majority of
patients who have used pumps prefer to remain with pumps for the rest of their lives. This
is because infusion pumps, although more complex than syringes and pens, offer the
advantages of continuous infusion of insulin, precision dosing and programmable delivery
schedules. This results in closer blood glucose control and an improved feeling of
wellness.

[0003] The use of an infusion pump requires the use of a disposable component,
typically referred to as an infusion set or pump set, which conveys the insulin from a

reservoir within the pump into the skin of the user. An infusion set typically consists of a
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pump connector, a length of tubing, and a hub or base from which a hollow infusion needle
or cannula extends. The hub or base has an adhesive which retains the base on the skin
surface during use, which may be applied to the skin manually or with the aid of a manual
or automatic insertion device.

[0004] Currently, most insulin infusion sets deliver insulin to the subcutaneous
layers of skin using either fixed metal needles or flexible plastic cannulas. Such infusion
sets typically deliver insulin 4 — 10 mm below the skin surface. However, the upper 3 mm
of skin surface, the intradermal space, facilitates better drug absorption. Unfortunately,
due to the relative thinness of the intradermal layer, inserting a needle at such depth and
maintaining an infusion site over an extended period of time within this narrow band is
difficult.

[0005] One technique to provide intradermal injection is the Mantoux technique.
As known to those skilled in the art, the Mantoux technique is typically used when
administering tuberculosis tests. Skilled practitioners first stretch taut the selected area of
skin between the thumb and forefinger, and then insert the needle slowly, bevel upward, at
an angle of 5 to 15 degrees to the skin surface. The practitioner then advances the needle
through the epidermis approximately 3 mm, releases the stretched skin, and injects the
medicament. However, even where intradermal delivery can be accomplished with the
standard Mantoux technique, this method is highly variable and subject to user error.
[0006] Most insulin infusion sets typically do not provide any features to isolate the
mserted needle from shock or other extemal forces. Since those infusion sets typically
deliver insulin 4 — 10 mm below the skin surface, shock or other external forces to the set
have less effect on the deeper inserted needle. However, where an attempt is made to
target the upper 3 mm of skin surface, any shock or movement of the set can adversely
affect needle insertion and infusion performance.

[0007] Still further, most insulin sets have inserters that can result in skin surface
“tenting” during needle insertion, where the skin surface is deflected somewhat prior to or
during ncedle insertion which makes precisely targeting the upper 3 mm of skin surface
difficult.

[0008] Accordingly, a need exists for an infusion set that can deliver content to the
upper 3 mm of skin surface, the intradermal space, to facilitate better drug absorption,

while maintaining a degree of comfort to the user.
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Summary of the Invention

[0009] An object of the present invention is to provide an infusion set that can
msert a needle or cannula at an angle relative to a skin surface via a user motion, the angle
of user motion being different from the angle of the inserted needle or cannula, to target
and deliver insulin or other medicament to the upper 3 mm of skin surface.

[0010] Another object of the present invention is to provide an infusion set that can
msert a ncedle or cannula at an angle to duplicate the Mantoux insertion technique and
deliver insulin or other medicament to the upper 3 mm of skin surface.

[0011] Another object of the present invention is to provide an infusion set having
a skin-securing adhesive layer to secure the skin surface at the insertion site such that the
set can insert a needle or cannula with a reduced risk of tenting of the skin surface and/or
precisely target the intradermal depth.

[0012] In accordance with an exemplary embodiment of the present invention, an
fusion set is adapted to be secured to a skin surface includes a fixed base member and a
movable slide member. The fixed base member is connectable to the skin surface. The
movable slide member has a needle or cannula connected thereto and is movable relative to
the fixed base member. The movable slide member is movable from a first position in
which the needle or cannula is not exposed externally of the fixed base member to a second
position in which the needle or cannula is exposed externally of the fixed base member.
The movable slide member is locked to the fixed base member in the second position.
[0013] In accordance with another exemplary embodiment of the present invention,
an inserter for inserting a needle or cannula of an infusion set includes a fixed inserter
member and a movable inserter member movably connected to the fixed inserter member
and adapted to receive the infusion set. The movable inserter member is movable from a
first position to a second position to expose the needle or cannula. The movable inserter
member is locked to the fixed inserter member in the first position to prevent accidentally
exposing the needle or cannula.

[0014] In accordance with an exemplary embodiment of the present invention, an
mfusion set assembly includes an infusion set assembly adapted to be secured to a skin
surface and an inserter removably connected to the infusion set for moving the movable
slide member from a first position to a second position. The infusion set includes a fixed
base member connectable to the skin surface, and a movable slide member having a needle

or cannula connected thereto and movable relative to the fixed base member. The movable
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slide member is movable from the first position in which the needle or cannula is not
exposed externally of the fixed base member to a second position in which the needle or
cannula is exposed externally of the fixed base member.

[0015] In accordance with an exemplary embodiment of the present invention, a
method of intradermally inserting a needle or cannula of an infusion set includes placing an
infusion set having a needle or cannula on an infusion site. An inserter connected to the
infusion set is moved in a first direction to move a slide member of the infusion set from a
first position to a second position in which the needle or cannula is inserted in the infusion
site at a non-perpendicular angle and in which the needle is moved in a second direction
different from the first direction.

[0016] Additional objects, advantages and salient features of exemplary
embodiments of the invention will become apparent to those skilled in the art from the
following detailed description, which, taken in conjunction with annexed drawings,

discloses exemplary embodiments of the invention.

Brief Description of the Drawings

[0017] The various objects, advantages and novel features of the exemplary
embodiments of the present invention will be more readily appreciated from the following
detailed description when read in conjunction with the appended drawing figures, in which:
[0018] FIG. 1 is a perspective view of an infusion set and inserter in accordance

with an exemplary embodiment of the present invention;

[0019] FIG. 2 is an elevational view in cross-section of the infusion set and inserter
of FIG. 1;

[0020] FIG. 3 is a perspective view of the infusion set of Fig. 1 after removal of the
inserter;

[0021] FIG. 4 is a lower perspective view of the infusion set without an adhesive

patch and inserter of FIG. 1;
[0022] FIG. 5 is a perspective view in cross-section of the infusion set and inserter
of Fig. 1 prior to activation;
[0023] FIG. 6 is a perspective view in cross-section of the infusion set and inserter
of FIG. 1 prior to activation;
[0024] FIG. 7 is a perspective view of the infusion set and inserter during

activation;
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[0025] FIG. 8 is a perspective view in cross-section view of the infusion set and
mserter of Fig. 1 during activation;

[0026] FIG. 9 is a bottom plan view of the infusion set and inserter of FIG. 1
during activation;

[0027] FIG. 10 is a perspective view in cross-section of the infusion set and inserter

after insertion of the cannula;

[0028] FIG. 11 is a bottom plan view of the infusion set and inserter of FIG. 10
after insertion of the cannula;
[0029] FIG. 12 is a perspective view of the infusion set of FIG. 10 after removal of
the inserter;
[0030] FIG. 13 is a perspective view of an infusion set prior to exposure of the
adhesive pad;
[0031] FIG. 14 1s an exploded perspective view of the infusion set of FIG. 13;
[0032] FIG. 15 is a perspective view of an inserter of FIG. 1;
[0033] FIG. 16 is a perspective view of a stationary member of the inserter of FIG.
15;
[0034] FIG. 17 1s an exploded perspective view of a movable member of the
mserter of FIG. 15;
[0035] FIG. 18 is a perspective view of a slide of the infusion set of FIG. 13;
[0036] FIG. 19 is a top plan view of the slide of FIG. 18;
[0037] FIG. 20 is a front elevation view of the slide of FIG. 18;
[0038] FIG. 21 is a bottom plan view of the slide of FIG. 18;
[0039] FIG. 22 is a side elevational view of the slide of FIG. 18;
[0040] FIG. 23 is a rear elevational view of the slide of FIG. 18;
[0041] FIG. 24 is a perspective view of a hub of the infusion set of FIG. 13;
[0042] FIG. 25 is a side elevational view of the hub of FIG. 24;
[0043] FIG. 26 is a front elevational view of the hub of FIG. 24;
[0044] FIG. 27 is a rear elevational view of the hub of FIG. 24;
[0045] FIG. 28 is a top plan view of the hub of FIG. 24;
[0046] FIG. 29 is a perspective view of a movable member of the inserter of FIG.
L
[0047] FIG. 30 is a top plan view of the movable member of the inserter of FIG.
29;

5
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[0048] FIG. 31 is a rear elevational view of the movable member of the inserter of

FIG. 29;

[0049] FIG. 32 is a side elevational view in cross-section of the movable member
of the inserter of FIG. 29;

[0050] FIG. 33 is a bottom plan view of the movable member of the inserter of
FIG. 29;

[0051] FIG. 34 is a side elevational view of the movable member of the inserter of
FIG. 29;

[0052] FIG. 35 is a perspective view of a stationary member of the inserter of FIG.
1;

[0053] FIG. 36 is a top plan view of the stationary member of the inserter of FIG.
35;

[0054] FIG. 37 is a rear clevational view of the stationary member of the inserter of
FIG. 35;

[00S55] FIG. 38 is a side elevational view in cross-section of the stationary member

of the inserter of FIG. 35;

[0056] FIG. 39 is a bottom plan view of the stationary member of the inserter of
FIG. 35;
[0057] FIG. 40 is a side elevational view of the stationary member of the inserter of
FIG. 35;
[0058] FIG. 41 is a perspective view of a base of the inserter of FIG. 14;
[0059] FIG. 42 is a rear elevational view of the base of FIG. 41;
[0060] FIG. 43 is a bottom plan view of the base of FIG. 41;
[0061] FIG. 44 is a side elevational view in cross-section of the base of FIG. 41;
[0062] FIG. 45 is a front elevational view of the base of FIG. 41;
[0063] FIG. 46 is a side elevational view of the base of FIG. 41;
[0064] FIG. 47 is an elevational view in cross section of the inserter of FIG. 1;
[0065] FIG. 48 is a bottom perspective view of the inserter of FIG. 1;
[0066] FIG. 49 is a rear perspective view of the movable member of the inserter of
FIG. 1;
[0067] FIG. 50 is a bottom plan view of the movable member of FIG. 49;
[0068] FIG. 51 is an elevational view in cross section of the movable member of
FIG. 49; and

6
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[0069] FIG. 52 is a top plan view in cross section of a connector tab of the movable
member engaging the infusion set slide member.
[0070] Throughout the drawings, like reference numerals will be understood to

refer to like parts, components and structures.

Detailed Description of the Exemplary Embodiments

[0071] The exemplary embodiments of the present invention described below and
shown in FIGS. 1 — 52 provide a means of performing an intradermal needle insertion at an
angle relative to a skin surface via a user motion in which the angle of user motion is
different from the insertion angle of the needle. The insertion precisely targets the upper 3
mm of skin surface, and delivers insulin to the intradermal layers of skin via a standard
msulin pump (not shown).

[0072] For example, FIGS. 6 and 10 illustrate an infusion set assembly 1 and
motion to insert a needle 6 via a user motion in a first direction (indicated by arrow 94 in
FIGS. 6 and 7) relative to a skin surface that is different from a second direction (indicated
by the angle a in FIGS. 6 and 7) of the inserted needle in accordance with an exemplary
embodiment of the present invention. FIGS. 4 — 6 illustrate an infusion set assembly 1 in a
free state before use. FIG. 10 illustrates the infusion set assembly 1 during insertion into
the skin surface at an angle relative thereto via a user motion occurring at an angle to the
skin surface that is different from the needle insertion angle, in accordance with an
exemplary embodiment of the present invention.

[0073] An infusion set assembly 1, as shown in FIG. 1, includes an inserter 2 and
an infusion set 3. The inserter 2 includes a fixed inserter member 4 and a movable inserter
member 5 movably connected to the fixed inserter member 4. The movable inserter
member 5 is movable from a first position shown in FIG. 5 to a second position shown in
FIG. 10. The infusion set 3 includes a rigid needle 6, a hub 7, a movable slide member 8
and a fixed basec member 9, as shown in FIG. 14. An adhesive pad or patch 10 secures the
base member 9 to the skin surface. The rigid needle 6 is fixedly connected to the hub 7,
which is fixedly connected to the slide member 8. The slide member 8 moves relative to
the fixed base member 9 from a first position in which the needle 6 is not exposed
externally of the infusion set 3 to a second position in which the needle 6 is exposed

externally of the infusion set 3. An opening 11 in the adhesive pad 10 allows the needle 6
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to pass therethrough. A connector 12 connects tubing from an infusion pump (not shown)
to the infusion set 3.

[0074] The rigid needle 6 is preferably hollow to facilitate delivering medicament
therethrough and is preferably made of 31 gauge stainless steel with a sharp beveled tip.
An end port in a patient end of the needle 6 allows the medicament to be delivered into the
mfusion site. A side port can be used in addition to or instead of the end port. An opening
in the non-patient end of the needle 6 receives medicament delivered from the insulin
pump through tubing 13.

[0075] The hub 7, as shown in FIGS. 26 — 30, fixedly receives the needle 6, which
can be secured thereto in any suitable manner, such as with an adhesive. A bore 19 in the
hub 7 receives the needle 6, which can be secured thercin with an adhesive. The patient
end 14 of the needle 6 extends beyond a first end 15 of the hub 7. A septum 16 is disposed
in a second end 17 of the hub 7 to seal the hub and prevent access to the opening in the
non-patient end 18 of the needle 6. The septum 16 is preferably made of isoprene, but any
suitable material can be used. The hub 7 is preferably made of an injection-molded plastic,
although any suitable material can be used.

[0076] The slide member 8, as shown in FIGS. 18 — 23, has a front end 23 and a
rear end 24. An angled portion 25 of an upper surface 26 slopes upwardly from the front
end 23 toward the rear end 24. Preferably, the angled portion 25 has an angle of between
approximately ten (10) and forty-five degrees (45), inclusive. More preferably, the angled
portion has an angle of approximately twenty (20) degrees. An opening 27 is formed in the
angled portion 25 of the upper surface 26. A cavity 28 is formed in a lower surface 29 of
the slide member 8 to receive the hub 7. Flex arms 30 and 31 extend outwardly from the
lower surface 29 proximal the cavity 28 to facilitate securing the hub 7 in the cavity 28.
Preferably, the hub 7 is secured at an angle substantially similar to the angle of the angled
portion 25. Outer rails 32 and 33 extend outwardly from opposite sides of the slide
member 8. Preferably, the outer rails 32 and 33 are disposed at an angle substantially
similar to that of the angled portion 25. Snap arms 34 and 35 are disposed inwardly of the
outer rails 32 and 33. Hooks 36 and 37 extend upwardly from ends of the snap arms 34
and 35. Stop arms 38 and 39 are disposed between the outer rails 32 and 33 and the snap
arms 34 and 35, respectively. Openings 80 and 81 in the rear end 24 receive connector

arms 78 and 79 (FIG. 14) to secure the connector 12 thereto. The slide member 8 is
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preferably made of an injection-molded plastic, such as PETG, but any suitable material
can be used.

[0077] The base member 9, as shown in FIGS. 41 — 46, has a front end 40 and a
rear end 41. A lower surface 42 extends from the front end 40 toward the rear end 41. An
opening 43 in the lower surface 42 allows the needle 6 to pass therethrough. Preferably,
the opening 43 has a substantially oval shape. An upper surface 44 extends recarwardly
from the front end 40 and defines a cavity 45 between the supper surface 44 and the lower
surface 42 for receiving the slide member 8. Outer channels 46 and 47 are formed in side
walls 48 and 49 extending between the lower surface 42 and the upper surface 44. A lower
tab 50 extends upwardly from the lower surface 42, as shown in FIG. 44. Upper tabs 51
and 52 extend downwardly from the upper surface 44, as shown in FIGS. 42 and 44. Inner
channels 53 and 54 are disposed between upper tabs 51 and 52 and the channels 46 and 47.
The base member 9 is preferably made of an injection-molded plastic, such as PETG, but
any suitable material can be used.

[0078] A pressure sensitive adhesive pad 10 is connected to the lower surface 42 of
the base member 9, as shown in FIGS. 1, 3 and 14. An adhesive backing 55 is connected
to the adhesive pad 10 to cover the adhesive pad prior to use. The adhesive backing 55 has
a tab element 56 to facilitate separating the cover from the adhesive pad 10 to expose the
adhesive pad when the adhesive pad is to be secured to an infusion site. The pressure
sensitive adhesive pad 10 can comprise any suitable material, such as an adhesive fabric.
[0079] The fixed inserter member 4 has an upper surface 57 with a wall 58
extending downwardly therefrom, as shown in FIGS. 35 — 40. The upper surface 57 and
the wall 58 define a cavity 59. Preferably, the wall 58 has a front wall 60 and opposing
side walls 61 and 62 with a rear portion thereof being open to provide access to the cavity
59. A shelf 63 disposed in the cavity 59 extends laterally between the side walls 61 and
62. A flexible beam 64 extends rearwardly from the front wall 60 in the cavity 59. The
fixed inserter member 4 is preferably made of an injection-molded plastic, such as
acrylonitrile butadiene styrene (ABS), but any suitable material can be used.

[0080] The movable inserter member 5 has a rear wall 65 and opposing side walls
66 and 67 extending forwardly therefrom, as shown in FIGS. 29 — 34. A latching arm 68
extends forwardly from the rear wall 65 and has a tab 69 extending downwardly from a
free end thereof. Slots 70 and 71 extend parallel to opposite sides of the latching arm 68.

A flexible member 72 is preferably connected to the movable inserter member 5 by a living
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hinge 73, although any suitable means for connecting the flexible member can be used that
allows deflection of the flexible member. Locking feet 74 and 75 extend forwardly from
side walls 66 and 67. The movable inserter member 5 is preferably made of an injection-
molded plastic, such as PETG, but any suitable material can be used.

[0081] The connector 12 has flexible plastic tubing 13 connected thereto for
delivering medicament from the insulin pump (not shown) to the infusion set 3, as shown
in FIG. 14. A pump connector 76 is disposed at one of the tubing 13 for connecting to the
insulin pump. The connector 12 is disposed at the other end of the tubing 13 for
connecting to the slide member 8 of the infusion set 3. The tubing 13 connects through a
rear surface 89 of the connector 12. A needle 77 extends forwardly from the connector 12
to pierce the septum 16 disposed in the hub 7 when the connector 12 is connected to the
slide member 8. By piercing the hub septum 16, the hub needle 6 is fluidly connected to
the insulin pump. Snap arms 78 and 79 are received by the slide member 8 to secure the
connector 12 thereto. Moving the snap arms 78 and 79 inwardly allows the connector 12
to be disconnected from the infusion set 3 as necessary.

[0082] A connector tab 82, as shown in FIGS. 17 and 48 — 51, has a base 83 and
legs 84 and 85 extending downwardly from the base 83. The legs 84 and 85 of the
connector tab 82 are received by the slots 70 and 71 of the movable inserter member 5 such
that the base 83 is disposed above the latching arm 68. Altermatively, the connector tab 82

can be integrally formed with the movable inserter member 5 as a single piece.

Operation and Assembly

[0083] The exemplary embodiments comprise an adhesive secured infusion set 3
and a disposable inserter 2 for performing an intradermal needle insertion precisely
targeting the upper 3 mm of skin surface. The infusion set 3 can be adhesively attached to
a skin surface, and the inserter 2 can be used to angularly insert the needle 6 into a desired
insertion position. The insertion position of the needle 6 is maintained by securing the
slide member 8 to the base member 9 to hold the inserted needle 6 in position and prevent
the slide member 8 and inserted needle 6 from retraction once in the inserted position.
[0084] The infusion set assembly 1 can include a disposable inserter 2, as shown in
FIGS. 1 and 2. The inserter 2 can also be reusable if desired. Preferably, the infusion set
assembly 1 is packaged such that the infusion set 3 is retained by the inserter 2.

Altemnatively, the infusion set 3 can be packaged without the inserter 2. The needle 6 is

10
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initially slightly recessed in the infusion set 6 to substantially prevent an accidental needle
stick, but is visible from a bottom of the infusion set 2, as shown in FIG. 4, so a user can
visibly determine priming of the infusion set 3 prior to adhering the infusion set 3 to an
infusion site.

[0085] The exemplary embodiments are configured to be efficient and user
friendly. The user first peels off the adhesive backing 55, revealing the adhesive pad 10 on
the lower surface 42 of the base member 9 of the infusion set 3. The infusion set assembly
1 can then be adhered to the infusion sitec with a downward pressure or application force by
the user. The sliding action of the sliding base member 5 angularly inserts the needle 6, as
described in greater detail below, into the upper 3 mm of skin surface, the intradermal
space, to facilitate better drug absorption. After the needle 6 has been inserted, the inserter
2 can be removed and properly disposed of. The user can disconnect and reconnect the
connector 12 as desired.

[0086] Prior to activation, the infusion set slide member 8 and the movable inserter
member 5 are locked in their first positions, as shown in FIGS. 4 — 6. As noted above, the
needle 6 is recessed within and visible through the openings 11 and 43 in the adhesive pad
10 and the base member 9, respectively, as shown in FIG. 4, thereby preventing accidental
needle sticks and allowing for visible priming of the infusion set 3. The tab 69 of the
latching arm 68 of the movable inserter member 5 engages the shelf 63 of the fixed inserter
member 4, as shown in FIGS. 5, 47 and 48, thereby preventing the movable inserter
member from being separated from the fixed inserter member 4. Additionally, prior to
activation, the flexible beam 64 of the fixed inserter member 4 engages ribs 86 extending
downwardly from the flexible member 72 of the movable inserter member 5, as shown in
FIG. 47, thereby preventing accidental activation of the infusion set 3. Accordingly, the
movable inserter member 5 is prevented from being withdrawn from the fixed inserter
member 4 in addition to being prevented from being moved into the fixed inserter member.
[0087] Additionally, the infusion set 3 is prevented from being removed from the
inserter 2 prior to activation, as shown in FIG. 4. The locking feet 74 and 75 of the
movable inserter member 4 engage longitudinally extending base members 87 and 88
(FIG. 42), thereby preventing removal of the inserter 2 from infusion set 3 prior to fully
inserting the needle 6. Inwardly extending retaining ribs 90 and 91 engage the rear surface

89 of the connector 12 to prevent withdrawal of the infusion set 3 from the inserter 2 prior

11

Date Regue/Date Received 2021-09-14



to activation. Accordingly, the infusion set 3 is retained by the inserter 2 prior to activation
and until the needle 6 is fully inserted.

[0088] The infusion set 3 is activated by moving the flexible member 72 and
squeezing the inserter 2 together, as shown in FIGS. 6 and 7. Pressing the flexible member
72 inwardly, in a direction indicated by arrow 92, causes the flexible member 72 to rotate
about the living hinge 73, thereby unlocking the inserter 2. The flexible member 72
engages and moves the flexible beam 64 of the fixed inserter member 4 downwardly
(indicated by arrow 93 in FIG. 6), thereby allowing the flexible member 72 of the movable
mserter member 5 to slide into the fixed inserter member 4 (indicated by arrow 94 in FIG.
7.

[0089] When the movable inserter member 5 slides into the fixed inserter member
5, as shown in FIG. 8, the movable inserter member 5 pushes the rear surface of the
connector 12. As shown in FIG. 9, the inwardly extending retaining ribs 90 and 91 of the
movable inserter member 5 engage and push the connector 12 in a forward direction. The
connector 12 is connected to the infusion set slide member 8, such that the slide member 8
moves forwardly with forward movement of the connector 12. The slide member 9 moves
into the infusion set base member 9, thereby inserting the needle 6 into the dermis layer.
As shown in FIG. 8, the movable inserter member 5 is partially inserted in the fixed
iserter member 4 such that the needle is partially inserted. The locking feet 74 and 75 of
the movable inserter member 5 still engage the longitudinally extending base member 87
and 88 of the fixed inserter member 9, as shown in FIG. 9, such that the inserter 2 cannot
yet be removed from the infusion set 3. Accordingly, the inserter 2 is prevented from
being removed from the infusion set 3 umtil the needle 6 is fully inserted, thereby
preventing the user from inadvertently inserting the needle 6 only partially.

[0090] Additionally, the legs 84 and 85 of the connector tab 82, as shown in FIGS.
17 and 48 — 52, engage a rear end 24 of the slide member 8, thereby further facilitate
forward movement of the slide member 8 with forward movement of the movable inserter
member 5 to which the connector tab 82 is connected.

[0091] As shown in FIGS. 8 and 9, the forward movement of the movable inserter
member 5 causes the connector 12 to move forwardly, which causes the movement of the
fusion set slide member 8 toward the fully inserted second position. The outer rails 32
and 33 (FIGS. 18 — 23) are guided by the outer channels 46 and 47 (FIGS. 41, 42 and 44)

in the infusion set fixed member 9. The outer channels 46 and 47 guide the slide member 8
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forwardly at an angle o (FIGS. 6 and 44) relative to the skin surface. Preferably, the angle
o is between approximately ten (10) and forty-five (45) degrees, inclusive. More
preferably, the angle o is approximately twenty (20) degrees. The needle 6 is preferably
aligned with the angular insertion direction of the slide member 8 such that the needle is
mserted in the substantially axial direction of the hub 7. Altematively, the needle 6 can be
offset from the insertion angle o such that the insertion direction of the needle 6 includes
both axial and radial components with respect to the hub 7. In such a configuration, the
orientation angle of the needle 6 is offset from the insertion slide angle of the slide member
8 and the hub 7.

[0092] Forward movement of the infusion set slide member 8 is stopped when the
stop arms 38 and 39 abut the ends of inner channels 53 and 54 of the infusion set base
member 9. The forward movement of the connector 12 and the movable inserter member 5
is also stopped by stopping the forward movement of the slide member 8. The infusion set
3 is now fully activated and the needle 6 is fully inserted at the angle a in the infusion site,
as shown in FIGS. 10 — 12. The slide member 8 and the movable inserter member 5 are
now in the second position. The opening 27 in the slide member 8 receives the lower tab
50 of the base member 9 when the slide member 8 moves into the second position, as
shown in FIG. 10, thereby locking the slide member 8 to the base member 9 to prevent
accidental removal of the inserted needle 6. Additionally, the hooks 36 and 37 of the snap
arms 34 and 35 of the slide member 8 engage the upper tabs 51 and 52 extending
downwardly from the upper surface 44 of the base member 9 to further secure the slide
member 8 to the base member 9.

[0093] Now that the movable inserter member 5 has reached the second position, as
shown in FIG. 11, the locking feet 74 and 75 of the movable inserter member 4 have
moved past the longitudinally extending base members 87 and 88. Additionally, rear
portions 95 and 96 of the locking feet 74 and 75 can engage rear portions 97 and 98 of the
longitudinally extending base members 87 and 88 to further facilitate preventing removal
of the inserter 2 until the needle 6 is fully inserted. The rear portions 95 and 96 of the
locking feet 74 and 75 are clear of rear portions 97 and 98 of the longitudinally extending
base members 87 and 88 when the locking feet 74 and 75 are clear of the longitudinally
extending base members 87 and 88. Accordingly, inserter 2 can now be removed from the
mfusion set 3 by lifting the inserter upwardly with respect to the infusion set 3 and be

properly disposed of. The connector 12 can be removed and connected to the slide
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member 8 as desired. The slide member 8 is permanently locked to the base member 9, as
described above, thereby maintaining the needle 6 in its intradermally injected position
until the set 3 is removed by the user.

[0094] The angular insertion of the needle 6 provides a solid anchor that maintains
the infusion site. Typically, it is very difficult to maintain the position of short (i.e., 1 — 3
mm) needles within the skin. However, by angularly inserting the needle 6, the skin itself
provides a vertical retention force. Accordingly, the inserted needle 6 is secured both
vertically and horizontally. Furthermore, the angled insertion allows for more flexibility of
needle or cannula choice for infusion by reducing the vertical height of the cannula
opening. Also, because the needle 6 is inserted at an angle, a longer needle and/or needle
opening can be used than those provided for a non-angled insertion to target the same
intradermal depth.

[0095] By first adhering the infusion set assembly 1 to the skin surface, a precise
mechanical foundation is provided which ensures that the needle angle, skin tensioning,
stretching and/or flattening, and insertion depth are consistent. Further, in doing so, tenting
is also reduced or eliminated. Still further, by isolating the needle site from the pump
connection, vibrations and movements are reduced. In addition, a low-profile is provided
which further isolates the needle 6 from any external forces.

[0096] By infusing into the intradermal layer of the skin, the exemplary
embodiments of the present invention offer the potential for better absorption of insulin
when compared to subcutancous delivery systems. In doing so, it may be possible for the
typical user to both consume less insulin and maintain a better medicament regime. It will
be appreciated that multiple needles or microneedles can be used, if desired, in place of a
single needle or microneedle.

[0097] Proper alignment is accomplished by providing a solid, fixed foundation for
the user to slide the movable inserter member 5 to angularly insert the needle 6. Such a
solid, fixed foundation is provided by the adhesive layer 10. The skin adhesive layer
secures the infusion set 3 at a desired orientation, such that the needle hub 7 and needle 6
are at a desired orientation of use, and the user is substantially prevented from holding the
infusion set 3 at various angles to the insertion site. Accordingly, precise, repeatable
msertions are accomplished.

[0098] Furthermore, the angle of the needle hub can be changed in this or other

exemplary embodiments of the present invention to affect the insertion angle and final

14

Date Regue/Date Received 2021-09-14



placement of the needle. As shown in FIG. 6, the needle 6 is aligned with the direction of
travel of the hub 7. Altematively, the needle 6 can be offset from the direction of travel of
the hub 7.

[0099] Still further, in accordance with another exemplary embodiment of the
present invention, the infusion set 3 can be activated without the inserter 2. The insertion
is fully integrated into the infusion set 3 such that the user does not have to carry the
mserter or load the infusion set into the inserter. The integrated system allows the user
more freedom from carrying the inserter 2. Such a system and method is economical,
simple, and compact, and provides a system of insertion that is integrated with the device.
Therefore, a user can correctly insert the device without inserter 2.

[00100] Although the previously-described embodiments relate to intradermal
infusion sets, the principles of the present invention are also applicable to other types of
mfusion sets, for example, subcutaneous infusion sets in which the patient cannula consists
of a soft plastic catheter that is inserted with the aid of a rigid metal introducer needle.
[00101] Although only a few exemplary embodiments of the present invention have
been described in detail above, those skilled in the art will readily appreciate that many
modifications are possible in the exemplary embodiments without materially departing
from the novel teachings and advantages of this invention. Accordingly, all such
modifications are intended to be included within the scope of this invention as defined in

the appended claims and their equivalents.
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Claims

1. An inserter for inserting a needle or cannula of an infusion set, comprising:

a fixed inserter member having a front wall, side walls, and a top wall, said
walls forming a cavity, and a flexible beam that extends rearwardly from the
front wall of the cavity; and

a movable inserter member movably connected to said fixed inserter member
and adapted to receive the infusion set, said movable inserter member being
movable from a first position to a second position to expose the needle or
cannula, the movable inserter member being locked to the fixed inserter
member in the first position to prevent accidentally exposing the needle or
cannula,

wherein the flexible beam engages said movable inserter member to prevent
movement of said movable inserter member from said first position to said

second position.

2. The inserter according to claim 1, wherein
a flexible member of said movable inserter member is moved to deflect said
flexible beam of said fixed inserter member, thereby disengaging said
flexible beam from said fixed inserter member to allow movement of said

movable inserter member from said first position to said second position.

3. The inserter according to claim 1, wherein
a latching arm of said movable inserter member is connected to said fixed
inserter member to prevent separation of said movable inserter member

from said fixed inserter member.

4. The inserter according to claim 1, wherein
the movable inserter member is only separatable from the received infusion set

when the movable inserter member is in said second position.

5. The inserter according to claim 1, wherein

the inserter is removably connected to said infusion set.
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10.

11.

The inserter according to claim 3, wherein
the latching arm comprises a tab;
the fixed inserter member comprises a shelf;, and
in the first position, the tab engages the shelf to prevent the movable inserter

member from being separated from the fixed inserter member.

The inserter according to claim 2, wherein
the movable inserter member comprises ribs; and
i the first position, the fiexible beam engages the ribs to prevent accidental

activation of the infusion set.

The inserter according to claim 2, wherein the infusion set is activated by moving

the flexible member and squeezing the inserter together.

The inserter according to claim 2, wherein the flexible member is compressed
inwardly to cause the flexible member to rotate about a living hinge, thereby

unlocking the inserter.

The inserter according to claim 1, wherein locking feet of the movable inserter
member engage a base member of the fixed inserter member such that the inserter
is prevented from being removed from the infusion set until the needle is fully

inserted.
The inserter of claim 9, wherein the flexible member engages and moves the

flexible beam downwardly to allow the flexible member to slide into the fixed

inserter member.
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