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INSERTER FOR ANALYTE SENSORS

RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional Application No.
62/487,038, filed April 19, 2017, U.S. Provisional Application No. 62/487,084, filed April 19,
2017, and U.S. Provisional Application No. 62/629.916, filed February 13, 2018, the entire

contents of each of which are incorporated herein by reference in their entireties for all purposes.

BACKGROUND
Field
[0002] The disclosed and described technology relates generally to inserters for
inserting or delivering components/structures of medical devices, such as, for example, sensing
elements of analyte sensors, into the skin of a patient, in order to provide interstitial fluid

measurements of an analyte.

Description of the Related Technology

[0003] Diabetes is a disease of insufficient blood glucose regulation. In non-diabetic
people, the body’s beta cells monitor glucose and deliver just the right amount of insulin on, for
example, a minute-by-minute basis for tissues in the body to uptake the right amount of glucose,
keeping blood glucose at healthy levels. In diabetic patients, this regulation primarily fails due
to: (1) insufficient insulin production and secretion, and/or (2) a lack of normal sensitivity to
insulin by the tissues of the body. Glucose sensors can be used to monitor glucose levels in
diabetic patients allowing proper dosing of diabetic treatments, including, for example, insulin.

[0004] More generally, analyte tracking and monitoring enable improved monitoring,
diagnosis, and treatment of diseases, including diabetes. Existing methods to measure, monitor,
and track analyte levels, may include sampling a bodily fluid, preparing the sample for
measurement, and estimating the analyte level in the sample. For example, a diabetic may prick
a finger to obtain a blood sample to measure glucose in a glucose monitoring unit. Such existing
methods may be painful, unpleasant or inconvenient for the patient, resulting in lower
compliance with physician orders to, for example, take glucose readings at certain times each
day or based on patient activity. Moreover, effective monitoring, diagnosis, and treatment may

benefit from fusing multiple sensor readings that measure different aspects of a patient’s state.
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Readings from one or more analyte sensors, as well as other bio sensor systems and/or activity
sensors may be combined with past readings to determine results that characterize a patient’s
state, and may be used to monitor, diagnose, and treat a patient. For example, an alarm may be
triggered if a patient’s glucose level exceeds a threshold.

[0005] Accordingly, there is a need for analyte sensors (1) that do not require
unpleasant blood draws or sample preparation if measurements are to be taken multiple times
each day, (2) to be sufficiently selective, sensitive, and to provide repeatable and reproducible
measurements, and (3) that are stable with low drift. There is also a need for an inserter that can
be used to easily and painlessly deliver the sensor’s sensing element transdermally.

[0006] Analyte sensors, such as glucose sensors, can produce a digital electronic
signal that depends on the concentration of a specific chemical or set of chemicals (analyte) in
bodily fluid or tissue. The sensor usually includes two main components, (1) a chemical or
biological part that reacts or complexes with the analyte in question to form new chemical or
biological products or changes in energy that can be detected by means of the second component
and (2) a transducer.

[0007] The disclosed technology integrates an innovative analyte sensor, controlled
by a controller, with embodiments of a resusable inserter that can be used to transdermally

deliver the analyte sensor’s sensing element with little to no pain

SUMMARY

[0008] Methods and systems are disclosed for an inserter system for a minimally
invasive tissue implant. As will be readily apparent to those skilled in the art, the methods and
inserted systems disclosed herein are equally applicable for use with, for example, biosensors,
micro catheters and drug eluting implants. In some embodiments, the inserter system is for use
with as continuous glucose monitoring system. In one example, the system for sensor
implantation can include an inserter and a sensor. The inserter can include a lancet tip that
includes a convex feature attached to a first surface of the lancet tip. The inserter can also
include an inset on either side of the lancet tip. The sensor can include a distal end that is
configured to form a loop. The loop is configured to pass around the insets of the lancet tip, with
a portion of the loop positioned adjacent the convex feature.

[0009] An embodiment of the invention is directed to an inserter for a medical

device, where the inserter includes a housing having a first end with an opening therein, an
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actuator connected to a first gear, an actuator biasing element, a cam gear assembly comprising a
cam member and a second gear, a cam bridge follower in contact with the cam member, and a
first plunger assembly comprising a first plunger and a first biasing element.

[0010] In another embodiment, the invention is directed to an inserter for a medical
device, where the inserter comprises a housing having a first end with an opening therein, an
actuator connected to a first gear, an actuator biasing element, a cam gear assembly comprising a
cam member and a second gear, a cam bridge follower in contact with the cam member, and a
first plunger assembly comprising a first plunger and a first biasing element. The inserter also
includes a tub assembly that comprises a tub portion including a first portion that includes a first
component of the medical device, a second portion capable of holding a second component of
the medical device and a base, and a second plunger assembly comprising a second plunger and
a second biasing element.

[0011] Embodiments of the invention are also directed to a tub assembly for use with
a medical device inserter. In these embodiments, the tub assembly includes a tub portion that has
a first portion that includes at least a first component of the medical device, a second portion
capable of holding at least a second component of the medical device, a base, and a plunger
assembly comprising a plunger, s biasing element and a skin piercing element.

[0012] An inserter for a medical device is disclosed. In some embodiments, the
inserter comprises a housing that having a first portion that includes a slot therein and a
component holder for a component of the medical device, a second portion that is rotatable
relative to the first portion and that includes a cam element on its interior, a third portion attached
to the second portion and longitudinally slideable relative to the second portion and a spring
element disposed between the second portion and the third portion, a first plunger assembly
comprising a first plunger having a first end and a second end that includes a keyed portion, and
a first biasing element, a second plunger assembly comprising a second plunger having a first
end and a second end, and a second biasing element and a plunger bridge connected to the first
end of the first plunger and the first end of second plunger, wherein at least a portion of a bottom
surface of the plunger bridge contacts the cam element.

[0013] Embodiments of the present invention also include inserter for a medical
device. In some embodiments, the inserter comprises a housing that having a first portion that

includes a slot therein and a component holder for a component of the medical device, a second
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portion that is rotatable relative to the first portion and that includes a cam element on its interior,
a third portion attached to the second portion and longitudinally slideable relative to the second
portion and a spring element disposed between the second portion and the third portion, a first
plunger assembly comprising a first plunger having a first end and a second end that includes a
keyed portion, and a first biasing element, a second plunger assembly comprising a second
plunger having a first end and a second end, and a second biasing element and a plunger bridge
connected to the first end of the first plunger and the first end of second plunger, wherein at least
a portion of a bottom surface of the plunger bridge contacts the cam element. In some
embodiments, the cam element includes two cam lobes that define two low points and two high
points on the cam element such that when the second portion is rotated relative to the first
portion, the bottom surface of the plunger bridge that contacts the cam element slides along the
cam element and moves up and down within an interior of the inserter a distance that
corresponds to a profile of the cam lobes. Accordingly, the first plunger and the second plunger
move up and down within the interior of the inserter in a manner that corresponds to the
movement of the plunger bridge.

[0014] Further, disclosed is an inserter for a medical device where the inserter
comprises a housing comprising a first portion that includes a slot therein and a component
holder for a component of the medical device, a second portion that is rotatable relative to the
first portion and that includes a cam element on its interior, a third portion attached to the second
portion and longitudinally slideable relative to the second portion, and a spring element disposed
between the second portion and the third portion. The inserter also includes a first plunger
assembly comprising a first plunger having a first end and a second end that includes a keyed
portion, and a first biasing element, a second plunger assembly comprising a second plunger
having a first end and a second end, and a second biasing element, a plunger bridge connected to
the first end of the first plunger and the first end of second plunger, wherein at least a portion of
a bottom surface of the plunger bridge contacts the cam element; and a tub assembly that
comprises a tub portion including a first portion that includes a first component of the medical
device, a second portion capable of holding a second component of the medical device and a
base. The tub assembly further includes a piercing element plunger comprising a piercing
element, a flange portion, and a locking portion; a safety tab that comprises a locking arm

including an engaging portion that engages a portion of the piercing element plunger, a tub
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engaging portion, and a grasping portion; and a removeable lid, wherein the piercing element
plunger is inserted into the slot in the first portion of the inserter, and wherein the flange portion
of the piercing element plunger is received within the keyed portion of the first plunger.

[0015] In some embodiments, a kit for applying a medical device to a patient’s skin is
provided. The kit comprises an inserter comprising a housing having a first portion that includes
a slot therein and a component holder for a component of the medical device, a second portion
that is rotatable relative to the first portion and that includes a cam element on its interior, a third
portion attached to the second portion and longitudinally slideable relative to the second portion,
and a spring element disposed between the second portion and the third portion; a first plunger
assembly comprising a first plunger having a first end and a second end that includes a keyed
portion, and a first biasing element; a second plunger assembly comprising a second plunger
having a first end and a second end, and a second biasing element; a plunger bridge connected to
the first end of the first plunger and the first end of second plunger, wherein at least a portion of
a bottom surface of the plunger bridge contacts the cam element; and a tub assembly. The tub
assembly comprises a tub portion including a first portion that includes a first component of the
medical device, a second portion capable of holding a second component of the medical device
and a base, a piercing element plunger comprising a piercing element, a flange portion and a
locking portion; a safety tab comprising a locking arm including an engaging portion that
engages a portion of the piercing element plunger, a tub engaging portion and a grasping portion;
and a removeable lid.

[0016] Also disclosed is a tub assembly comprising a tub portion including a first
portion that includes a first component of the medical device, a second portion capable of
holding a second component of the medical device and a base; a piercing element plunger
comprising a piercing element, a flange portion, and a locking portion; a safety tab comprising a
locking arm including an engaging portion that engages a portion of the piercing element
plunger, a tub engaging portion and a grasping portion; and a removeable lid.

[0017] In some embodiments, the invention is directed to a kit for applying a medical
device to a patient’s skin where the kit comprises an inserter including a housing having a first
end with an opening therein, an actuator connected to a first gear, an actuator biasing element; a
cam gear assembly comprising a cam member and a second gear, a cam bridge follower in

contact with the cam member, a first plunger assembly comprising a first plunger and a first
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biasing element and a tub assembly. In certain embodiments, the tub assembly comprises a tub
portion including a first portion that includes a first component of the medical device, a second
portion capable of holding a second component of the medical device and a base, and a second

plunger assembly comprising a second plunger and a second biasing element.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The above-mentioned aspects, as well as other features, aspects, and
advantages of the present technology will now be described in connection with various
embodiments, with reference to the accompanying drawings. The illustrated embodiments,
however, are merely examples and are not intended to be limiting. Throughout the drawings,
similar symbols typically identify similar components, unless context dictates otherwise. Note
that the relative dimensions of the following FIGS. may not be drawn to scale.

[0019] FIG. 1 is a perspective view of an inserter showing the internal components,
according to an embodiment of the present invention;

[0020] FIG. 2 depicts the internal components if the inserter of FIG. 1, according to
an embodiment of the present invention;

[0021] FIG. 3 is a side view of an inserter showing the internal components,
according to an embodiment of the present invention;

[0022] FIG. 4 is a perspective view of a sterile tub assembly, according to an
embodiment of the present invention;

[0023] FIG. 5 is a perspective view of an analyte sensor, according to an embodiment
of the present invention;

[0024] FIG. 6 is a perspective view of an analyte sensor, according to an embodiment
of the present invention;

[0025] FIG. 7 is a perspective view of a sterile tub assembly, according to an
embodiment of the present invention;

[0026] FIG. 8 is a top view of the sterile tub assembly depicted in FIG. 8, according
to an embodiment of the present invention;

[0027] FIG. 9 is a perspective view of an inserter showing insertion of sterile tub

assembly, according to an embodiment of the present invention;



WO 2018/195286 PCT/US2018/028318

[0028] FIG. 10 is a side view of the inserter and sterile tub assembly depicted in FIG.
10 with the sterile tub assembly fully inserted into the inserter, according to an embodiment of
the present invention;

[0029] FIG. 11 depicts the internal components of the inserter shown in FIG. 10 in an
un-actuated state, according to an embodiment of the present invention;

[0030] FIG. 12 depicts the internal components of the inserter shown in FIG. 10 in an
actuated state, according to an embodiment of the present invention;

[0031] FIG. 13 depicts a magnified view of the tub assembly of FIG. 10 in the
actuated state of FIG. 12, according to an embodiment of the present invention;

[0032] FIG. 14 is a perspective view of an inserter, according to an embodiment of
the present invention;

[0033] FIG. 15 is an exploded view of the inserter depicted in FIG. 14 showing the
internal components of the inserter, according to an embodiment of the present invention;

[0034] FIG. 16 is a perspective view the applicator handle twist cam portion depicted
in FIG. 15 showing the internal construction of the applicator handle twist cam portion,
according to an embodiment of the present invention;

[0035] FIG. 17 is an exploded view of the inserter depicted in FIG. 14 showing the
internal components of the inserter, according to an embodiment of the present invention;

[0036] FIG. 18 is a side view of the inserter depicted in FIG. 14 showing the internal
components of the inserter in an un-actuated state, according to an embodiment of the present
invention;

[0037] FIG. 19 is a front view of the inserter depicted in FIG. 14 showing the internal
components of the inserter in an un-actuated state, according to an embodiment of the present
invention;

[0038] FIG. 20 is a perspective view of a sterile tub assembly, according to an
embodiment of the present invention;

[0039] FIG. 21 is an exploded view of the tub assembly depicted in FIG. 20,
according to an embodiment of the present invention;

[0040] FIG. 22 is a perspective view of a sterile tub assembly, according to an

embodiment of the present invention;
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[0041] FIG. 23 is a perspective view of a sterile tub assembly, according to an
embodiment of the present invention;

[0042] FIG. 24 is a perspective view of an analyte sensor without a transmitter
attached thereto, according to an embodiment of the present invention;

[0043] FIG. 25 is a perspective view of a transmitter for use with the analyte sensor
depicted in FIG. 24, according to an embodiment of the present invention;

[0044] FIG. 26 is a perspective view of an analyte sensor showing attachment of a
transmitter thereto, according to an embodiment of the present invention;

[0045] FIG. 27 is a perspective view of an analyte sensor with the transmitter
attached thereto, according to an embodiment of the present invention;

[0046] FIG. 28 depicts perspective views of an analyte sensor without a transmitter
attached thereto, according to an embodiment of the present invention;

[0047] FIG. 29A is a perspective view of the inserter depicted in FIG. 14 with a
transmitter included thereon, according to an embodiment of the present invention;

[0048] FIG. 29B is another perspective view of the inserter depicted in FIG. 14 with a
transmitter included thereon, according to an embodiment of the present invention;

[0049] FIG. 30 depicts the process for attaching a sterile tub assembly to an inserter,
according to an embodiment of the present invention;

[0050] FIG. 31 is a side view of an inserter with a sterile tub assembly fully attached
thereto, according to an embodiment of the present invention; and

[0051] FIG. 32 is a perspective view of the inserter and sterile tub assembly depicted

in FIG. 32, according to an embodiment of the present invention.

DETAILED DESCRIPTION

[0052] It is to be understood that the embodiments of the invention described herein
are not limited to particular variations set forth herein as various changes or modifications may
be made to the embodiments of the invention described and equivalents may be substituted
without departing from the spirit and scope of the embodiments of the invention. As will be
apparent to those of skill in the art upon reading this disclosure, each of the individual
embodiments described and illustrated herein has discrete components and features that may be
readily separated from or combined with the features of any of the other several embodiments

without departing from the scope or spirit of the embodiments of the present invention. In
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addition, many modifications may be made to adapt a particular situation, material, composition
of matter, process, process act(s) or step(s) to the objective(s), spirit or scope of the embodiments
of the present invention. All such modifications are intended to be within the scope of the claims
made herein.

[0053] Moreover, while methods may be depicted in the drawings or described in the
specification in a particular order, such methods need not be performed in the particular order
shown or in sequential order, and that all methods need not be performed, to achieve desirable
results. Other methods that are not depicted or described can be incorporated in the example
methods and processes. For example, one or more additional methods can be performed before,
after, simultaneously, or between any of the described methods. Further, the methods may be
rearranged or reordered in other implementations. Also, the separation of various system
components in the implementations described above should not be understood as requiring such
separation in all implementations, and it should be understood that the described components and
systems can generally be integrated together in a single product or packaged into multiple

products. Additionally, other implementations are within the scope of this disclosure.

bR T3 bR T3

[0054] Conditional language, such as “can,” “could,” “might,” or “may,” unless
specifically stated otherwise, or otherwise understood within the context as used, is generally
intended to convey that certain embodiments include or do not include, certain features,
elements, and/or steps. Thus, such conditional language is not generally intended to imply that
features, elements, and/or steps are in any way required for one or more embodiments.

[0055] Conjunctive language such as the phrase “at least one of X, Y, and Z,” unless
specifically stated otherwise, is otherwise understood with the context as used in general to
convey that an item, term, etc. may be either X, Y, or Z. Thus, such conjunctive language is not
generally intended to imply that certain embodiments require the presence of at least one of X, at
least one of Y, and at least one of Z.

[0056] Reference to a singular item, includes the possibility that there are plural of
the same items present. More specifically, as used herein and in the appended claims, the
singular forms “a,” “an,” “said” and “the” include plural referents unless the context clearly
dictates otherwise. It is further noted that the claims may be drafted to exclude any optional

element. As such, this statement is intended to serve as antecedent basis for use of such
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"

exclusive terminology as “solely,” “only” and the like in connection with the recitation of claim
elements, or use of a “negative” limitation.

[0057] It will be understood that when an element is referred to as being “connected”
or “coupled” to another element, it can be directly connected or coupled to the other element or
intervening elements may be present. In contrast, if an element is referred to as being "directly
connected" or "directly coupled” to another element, there are no intervening elements present.

[0058] It will also be understood that, although the terms first, second, etc. may be
used herein to describe various elements, these elements should not be limited by these terms.
These terms are only used to distinguish one element from another. Thus, a first element could
be termed a second element without departing from the teachings of the present invention.

b INYS

[0059] Language of degree used herein, such as the terms “approximately,” “about,”
“generally,” and “substantially,” represent a value, amount, or characteristic close to the stated

value, amount, or characteristic that still performs a desired function or achieves a desired result.

PR3 e

For example, the terms “approximately,” “about,” “generally,” and “substantially” may refer to
an amount that is within less than or equal to 10% of, within less than or equal to 5% of, within
less than or equal to 1% of, within less than or equal to 0.1% of, and within less than or equal to
0.01% of the stated amount. If the stated amount is O (e.g., none, having no), the above recited
ranges can be specific ranges, and not within a particular % of the value. Additionally, numeric
ranges are inclusive of the numbers defining the range, and any individual value provided herein
can serve as an endpoint for a range that includes other individual values provided herein. For
example, a set of values such as 1, 2, 3, 8, 9, and 10 is also a disclosure of a range of numbers
from 1-10, from 1-8, from 3-9, and so forth.

[0060] Some embodiments have been described in connection with the
accompanying drawings. Distances, angles, etc. are merely illustrative and do not necessarily
bear an exact relationship to actual dimensions and layout of the devices illustrated.
Components can be added, removed, and/or rearranged. Further, the disclosure herein of any
particular feature, aspect, method, property, characteristic, quality, attribute, element, or the like
in connection with various embodiments can be used in all other embodiments set forth herein.

Additionally, it will be recognized that any methods described herein may be practiced using any

device suitable for performing the recited steps.

10



WO 2018/195286 PCT/US2018/028318

[0061] While a number of embodiments and variations thereof have been described
in detail, other modifications and methods of using the same will be apparent to those of skill in
the art. Accordingly, it should be understood that various applications, modifications, materials,
and substitutions can be made of equivalents without departing from the unique and inventive
disclosure herein or the scope of the claims.

[0062] All existing subject matter mentioned herein (e.g., publications, patents, patent
applications and hardware) is incorporated by reference herein in its entirety except insofar as the
subject matter may conflict with that of the present invention (in which case what is present
herein shall prevail).

[0063] Embodiments of the disclosed and described technology relate to inserters that
may be used to deliver components of a medical device transdermally. Example medical devices
that can be used with the disclosed and described technology include, and are not limited to,
body wearable devices such as analyte sensors, pumps for the delivery of therapeutic drugs
(insulin, chemotherapy drugs, etc.), and any other device as will be readily understood by those
of skill in the art. Example medical device components that can be delivered transdermally with
the embodiments disclosed and described herein include, and are not limited to, analyte sensing
elements, drug delivery cannulas (micro catheters) or other delivery lumens for infusion pumps
to deliver, for example, insulin and other therapeutic agents/treatments to a patient, etc. Addition
items that can be delivered with the embodiments of the inserters disclosed herein include, and
are not limited to, drug eluting implants. For analyte sensors, example analytes that can be
measured using the embodiments of the invention disclosed and described herein include, and
are not limited to, glucose, galactose, fructose, lactate, peroxide, cholesterol, amino acids,
alcohol, lactic acid, and mixtures of the foregoing.

[0064] Analyte sensors that may be used with the embodiments of the disclosed and
described technology include, and are not limited to, those described in the following commonly-
assigned U.S. patent applications and International Patent Applications: U.S. Patent Application
No. 15/254,995, entitled “SYSTEMS AND METHODS FOR CONTINUOUS HEALTH
MONITORING USING AN OPTO-ENZYMATIC ANALYTE SENSOR,” filed September 1,
2016 by Troy Bremer; U.S. Patent Application No. 15/754,271, entitled “SYSTEMS AND
METHODS FOR CONTINUOUS HEALTH MONITORING USING AN OPTO-ENZYMATIC
ANALYTE SENSOR,” filed February 21, 2018 by Troy Bremer; and International Patent

11
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Application No. PCT/US18/20228, entitled “ANALYTE SENSORS AND METHODS OF
MANUFACTURING ANALYTE SENSORS,” filed February 28, 2018 by Troy Bremer, et al.,
the contents of each of the above-identified patent applications are incorporated herein by
reference in their entireties for all purposes.

[0065] The inserters disclosed and described herein are reusable and may be used
many times by a user to transdermally deliver the relevant device components and to attach the
devices to a user’s/patient’s skin. Such a reusable inserter reduces the costs for the medical
devices that are used with the reusable inserters.

[0066] Depicted in FIG. 1 is an inserter 1 according to an embodiment of the
invention. As can be seen in the figure, a portion of the housing 5 is cut away in order for the
internal components to be viewed. In this embodiment, the inserter 1 includes a housing 5, a
trigger 10, a trigger guard 15 and an opening 20 in a first end 25 to receive a sterile tub assembly
(discussed in detail below).

[0067] As can best be seen in FIGS. 1-3, in this embodiment, the internal components
of the inserter 1 include a trigger gear 35 disposed on a shaft 40 and connected to the trigger 10,
a trigger biasing element 45, which, in some embodiments is a torsional spring, a cam gear
assembly 50 that includes a shaft 55, a cam 60 and a cam gear 65, a cam bridge follower 70 that
is in contact with the cam 60, and a transmitter plunger assembly 75 that includes a transmitter
plunger 80 and a transmitter plunger biasing element 85, which, in some embodiments, is a
coiled compression spring. The transmitter plunger 80 includes a first end 82 connected to the
cam bridge follower 70 and a second end 83.

[0068] In some embodiments, the inserter 1 is used to transdermally deliver the
percutaneous sensing element of an analyte sensor into tissue. In these embodiments, the analyte
sensor can be included in sterile packaging such as, for example, a sterile tub assembly 100 as
depicted in FIG. 4. The sterile tub assembly 100 includes a sterile portion 105 that contains the
sterile components of the analyte sensor and a non-sterile portion 110 that is a cavity to receive a
reusable transmitter (discussed in more detail below) for the analyte sensor. As can be seen in
FIG. 4, the sterile tub assembly 100 also includes a cover 115 that protects the sterile
components of the analyte sensor within the sterile portion 105 of the sterile tub assembly 100, a

lancet plunger assembly 120 that includes a lancet plunger 125 having a free end 127 and a
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lancet plunger biasing element 130, which, in some embodiments, is a coiled compression
spring.

[0069] Depicted in FIGS. 5 and 6 is an embodiment of an analyte sensor 140 that can
be used with the inserter 1. The analyte sensor 140 includes a sterile or first portion 145 that
houses many of the components of the sensor including the battery, etc., the transmitter 150, and
a transmitter or second portion 150 that receives/houses the transmitter 155, which may or may
not be reusable. A plurality of attachment elements 160 may also be included to secure the
transmitter 150 to the analyte sensor 140. An adhesive pad 152 is attached/adhered to the bottom
of the analyte sensor 140 and sterile tub assembly 100 in such a manner that sterility is
maintained within the sterile portion 105 of the sterile tub assembly 100 and the adhesive pad
152 detaches from the sterile tub assembly 100 and remains attached to the analyte sensor 140
after the inserter 1 applies the analyte sensor 140 to the skin as described below. As can be seen
in FIGS. 5 and 6, prior to use, a user inserts the transmitter 155 into the transmitter or second
portion 150.

[0070] Use and operation of the inserter 1 according to an embodiment of the
invention will now be described in detail. In some embodiments, the sterile tub assembly 100
will be pre-loaded with the analyte sensor 140 in the sterile or first portion 105 of the sterile tub
assembly 100. Prior to attaching the sterile tub assembly 100 to the inserter 1, as depicted in
FIGS. 7 and 8, the transmitter 155 is inserted into the transmitter or second portion 110 of the
sterile tub assembly 100 and secured in place. After the transmitter 155 is in place, as depicted
in FIG. 9, the sterile tub assembly 100 is inserted into the opening 20 in the first end 25 of the
inserter 1 in the direction of arrow 165. As depicted in FIGS. 10 and 11, when the sterile tub
assembly 100 is fully inserted into the opening 20 in the first end 25 of the inserter 1, the second
end 83 of the transmitter plunger 80 either contacts or is adjacent to the transmitter 155 disposed
in the sterile tub assembly 100 and the free end 127 of the lancet plunger 125 is seated within a
cavity/recessed portion of the cam bridge follower 70. The inserter 1 is now ready to (a) activate
the analyte sensor 140 for use, (2) attach the analyte sensor 140 to skin and (c) transdermally
deliver the sensing element of the analyte sensor 140.

[0071] Prior to use, the adhesive backing is removed from the adhesive pad 152 to
expose the adhesive used to adhere the adhesive pad 152 and hence, the analyte sensor 140, to a

patient’s skin. Next, the user/patient selects a location on the body for sensor placement and
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with the inserter 1 in hand, presses the adhesive pad 152 against the user’s skin at the preferred
body location. Once pressure has been applied to the adhesive pad 152 via the inserter 1, the
user then, with a fast movement, pulls the trigger 10 with a finger. When pulled, the trigger 10
moves the trigger gear 35 in a corresponding manner. Because the teeth/cogs on the trigger gear
35 mesh with the teeth/cogs on the cam gear 65, rotational motion imparted on the trigger gear
35 through movement of the trigger 10 is transmitted to the cam gear 65. The rotating cam gear
65 causes the attached cam 60 to rotate in a corresponding manner. Because of the cam’s
eccentricity, as the cam 60 rotates, it acts on the cam bridge follower 70 thereby pushing the cam
bridge follower 70, the transmitter plunger assembly 75 and the lancet plunger assembly 120 that
contact the cam bridge follower 70 in a linear movement towards the sterile tub 100.

[0072] Attached to the lancet plunger 125 is a lancet or other skin piercing element
175. Attached to the lancet 175 is the sensing element for the analyte sensor that is to be
delivered transdermally. Rotation of the cam 60 pushes the cam bridge follower 70, the
transmitter plunger 80 and the lancet plunger 125 through a linear movement of approximately
6.5 mm. This movement causes the lancet plunger 130 and the attached lancet 175 and sensing
element to move a corresponding distance thereby piercing through the base 176 of the analyte
sensor 140 and the adhesive pad 152 as depicted in FIGS. 12 and 13. Continued linear
movement of the lancet 175 through the approximately 6.5 mm distance causes the lancet 175
with the sensing element attached, to pierce the user’s skin thereby inserting/delivering the
sensing element transdermally. This movement also causes the transmitter plunger 80 to move a
corresponding distance thereby pushing the transmitter 150 that has been loaded into the
transmitter or second portion 110 of the sterile tub assembly 100 in place onto the back of the
analyte sensor 140. As the transmitter 155 is pushed into its working position by the plunger 80,
the battery contacts on the transmitter 155 and the battery contacts for the battery included with
the analyte sensor 140 align and make contact thereby activating the transmitter 155 for use.
FIG. 12, depicts the state of the components of the inserter 1 and the sterile tub assembly 100
upon full actuation of the trigger 10. As can be seen, the transmitter plunger biasing element 85
and the lancet plunger biasing element 130 are compressed thereby loading the biasing elements
85, 130 with stored energy.

[0073] Upon release of the trigger 10, the trigger spring 45 returns the trigger 10 to its

starting position, which also rotates the cam 60 back to its starting position. Rotation of the cam
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60 with the aid of the biasing elements 85, 130 unloading the stored energy, causes the cam
bridge follower 70, the transmitter plunger 80 and the lancet plunger 125 to retract/move back
through a linear movement to their starting positions. As the lancet plunger 125 retracts, the
attached lancet retracts from the patient’s skin. As the lancet retracts from the skin, the sensing
element detaches from the lancet 175 and is left implanted in place within the patient’s skin.
After the lancet 175 is fully retracted, the lancet 175 is retained within the sterile tub assembly
100 in a locked, “safe” position to prevent injury to the user, patient or anyone else. The sterile
tub assembly 100 can then be disposed of safely.

[0074] The analyte sensor 140 now activated and attached to the patient’s skin by
way of the adhesive pad 152 can be used for approximately two (2) weeks after which, the
patient can remove the analyte sensor 140 from the skin by peeling the adhesive pad 152 off of
the skin. Removing the analyte sensor also removes the sensing element from the user’s skin.
Once the analyte sensor 140 is removed, the user can eject the reusable transmitter 155 from its
clipped-on location on the analyte sensor 140. The used analyte sensor 140 can then be disposed
of safely by the user and the reusable transmitter 155 can be inserted into a new sterile tub
assembly 100 for use with a new analyte sensor 140. A user can load the reusable transmitter
155 into a new sterile tub assembly 100 using the steps discussed above. The user can then (a)
load the new sterile tub assembly 100 with the reusable transmitter 155 and the new analyte
sensor into the same inserter 1 that the user used for the previous analyte sensor and (b) follow
the above-disclosed steps to attach and activate the new analyte sensor.

[0075] Some embodiments of the invention are also directed to a kit that includes the
inserter, transmitter and sterile tub that includes the medical device (analyte sensor).
Accordingly, because the transmitter and inserter are reusable, the cost of the body wearable
medical device (analyte sensor), is reduced.

[0076] Depicted in FIGS. 14-32 is another embodiment of the present invention. As
can be seen in FIGS. 14-19, the inserter 200 includes a handle twist cam eject portion 205, an
applicator handle twist cam portion 210, an applicator handle 215, a safety inserter/lancet shaft
receiving slot 220, a transmitter holder 225 and a sterile tub positioning tab receiving slot 230.
FIGS. 15 and 17 are exploded views of the inserter 200 depicted in FIG. 14 showing the internal
components of the inserter 200. Included are the handle twist cam eject portion 205, push rod

stubs 235, the applicator handle twist cam portion 210, an ejector cam spring 236, a plunger
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assembly cam 238 located on the interior of the applicator handle twist cam portion 210 (see
FIG. 16), a plunger bridge 244, a lancet plunger coupling 245, a transmitter plunger assembly
250 that includes a transmitter plunger 255 and a transmitter plunger biasing element 260, which,
in some embodiments, is a coiled compression spring, a guide shaft assembly 265 that includes a
guide shaft 270 and a guide shaft biasing element 275, which, in some embodiments, is a coiled
compression spring, a safety button 280, the applicator handle 215, the sterile tub positioning tab
receiving slot 230, a pair of ejector bars 285 and ejector bar biasing elements 290, which, in
some embodiments, is a coiled compression spring, transmitter holder 225, and a lancet plunger
assembly 295 that includes a lancet plunger 300 and a lancet plunger biasing element 305,
which, in some embodiments, is a coiled compression spring.

[0077] Depicted in FIG. 16 is a magnified view of the plunger assembly cam 238
located on the interior of the applicator handle twist cam portion 210. As can be seen in the
figure, the plunger assembly cam 238 includes two portions or lobes— a first portion/lobe 239a
that extends from 0° to 180° and a second portion/lobe 239b that extends from 180° to 360°.
Lobe 239a has a high point 240a at approximately 90° and lobe 239b has a high point 240b at
approximately 270°. The plunger assembly cam 238 has a low point 240 at approximately 0°
and a low point 241 at approximately 180°.

[0078] As can best be seen in FIGS. 15 and 17, a first end 301 of the lancet plunger
300 is configured to receive and mate with the lancet plunger coupling 245 and a second end of
the lancet plunger 300 is configured to receive and mate with a lancet shaft flange portion of a
lancet shaft of an analyte sensor (discussed in detail below). In some embodiments, the first end
of the lancet plunger 300 includes a hollow central portion that receives a shaft portion of the
lancet plunger coupling 245 and the second end of the lancet plunger 300 includes a keyed
portion 307 that receives the lancet shaft flange portion to lock the lancet plunger and the lancet
shaft together as discussed in detail below. In some embodiments, the inserter 200 includes a
base cover 310 and/or an applicator cover 315.

[0079] Depicted in FIGS. 20-23 is an embodiment of a sterile tub assembly 350 that
can be used with the inserter 200. The sterile tub assembly 350 includes a tub portion 355 that
houses the components of a medical device, which in this embodiment is an analyte sensor. The
tub portion 355 includes a first or sterile portion 360 that houses the sterile components of the

analyte sensor and a second or non-sterile portion 365 that is a cavity having a removeable tub
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lid 370 to receive a reusable transmitter (discussed in more detail below) for the analyte sensor.
Extending from the top of the of the tub portion 355 is a lancet shaft 375 that includes a lancet or
other skin piercing element 377 that is used to transdermally deliver the subcutaneous portion of
the analyte sensor. The lancet shaft 375 includes a flange portion 380 that is designed to be
received within the lancet plunger 300 keyed portion 307 of the inserter to lock the lancet shaft
375 and the lancet plunger 300 together when the sterile tub assembly 350 is inserted into the
inserter 200 as discussed below. The sterile tub assembly 350 also includes positioning tab 382
and a pair of locking cams 385 that are used to lock the analyte sensor in place within the sterile
tub assembly 350 prior to use and to release the analyte sensor from the sterile tub assembly 350
during delivery of the analyte sensor by the inserter 200.

[0080] In use, the lancet shaft 375 is slideable within the tub portion 355 such that the
lancet or other skin piercing element 377 can extend through the base 387 of the tub portion 355
and into a patient’s skin during delivery and placement of the analyte sensor on a patient’s skin
by the inserter 200. In order to prevent inadvertent movement/sliding of the lancet shaft 375 and
penetration of the lancet or other skin piercing element 377 through the base 387 of the tub
portion 355 and possible injury to a user/patient, the sterile tub assembly 350 includes an inserter
safety tab 390. As depicted in FIGS. 20-23, the inserter safety tab 390 includes (a) a locking arm
400 having an engaging portion 410 that engages the lancet shaft 375 and locks the lancet shaft
375 in a stationary position thereby preventing movement of the lancet shaft 375 while the
inserter safety tab 390 is in place, (b) a tub engaging portion 412 that clips onto and engages the
tub portion 355 and (c) a grasping portion 414 that allows a user to grab onto in order to remove
the inserter safety tab 390 prior to use.

[0081] In some embodiments, the engaging portion 410 is “U” shaped with a width
“W” that is wider than the diameter of at least a portion of the lancet shaft 375 in order to receive
the lancet shaft 375 therein. As can be seen in the figures, the lancet shaft 375 includes a locking
portion 415 adjacent to the engaging portion 410 of the inserter safety tab 390 that is wider than
or has a diameter that is greater than the width “W” of the engaging portion 410. Thus, when the
inserter safety tab 390 is in place on the sterile tub assembly 350, the engaging portion 410 abuts
the locking portion 415 and prevents the lancet shaft 375 from moving through the engaging
portion 410 of the locking arm 400 thereby locking the lancet shaft 375 in a stationary position.

As will be readily understood by those of skill in the art, many different safety inserter tab
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designs may be used so long as the safety inserter tab prevents movement of the lancet shaft
while the safety inserter tab is in place on the sterile tub assembly and that allows movement of
the lancet shaft when the safety inserter tab is removed from the sterile tub assembly.

[0082] Depicted in FIGS. 24-28 is an embodiment of an analyte sensor 500 that can
be used with the inserter 200. The analyte sensor 500 includes a sterile or first portion 505 that
houses many of the components of the sensor including the battery 507, etc. and excluding the
transmitter 510, and a transmitter or second portion 515 that receives/houses the transmitter 510,
which may or may not be reusable. A plurality of attachment elements 520 such as, for example,
clips, may also be included to secure the transmitter 510 to the transmitter or second portion 515
of the analyte sensor 500. An adhesive pad 525 is attached/adhered to the bottom of the analyte
sensor 500 and/or tub portion 355 of the sterile tub assembly 350 in such a manner that (a)
sterility is maintained for the sterile or first portion 505 of the analyte sensor 500 and (b) the
adhesive pad 525 detaches from the tub portion 355 and remains attached to the analyte sensor
500 after the inserter 200 applies the analyte sensor 500 to the skin of a patient as described
below. As can be seen in FIG. 28, the analyte sensor 500 includes at least one battery contact
530, and preferably two battery contacts 530, located in the transmitter or second portion 515.
Thus, when the transmitter is fully inserted into the transmitter or second portion 515, these
battery contacts 530 contact associated battery contacts 221 on the transmitter 510 thereby
activating the transmitter 510 and hence, the analyte sensor 500, for use.

[0083] Use and operation of the inserter 200 according to an embodiment of the
invention will now be described in detail. In some embodiments, the sterile tub assembly 350
will be pre-loaded with the analyte sensor 500 in the sterile or first portion 360 of the tub portion
355. Prior to attaching the sterile tub assembly 350 to the inserter 200, as depicted in FIGS. 29A
and 29B, the transmitter 510 is inserted “upside down” and “clipped” into the transmitter holder
225 on the inserter 200 such that the battery contacts 221 are exposed to the sterile tub assembly
350. After the transmitter 510 is in place, the sterile tub assembly 350 can now be
added/attached to the inserter 200.

[0084] With the transmitter 510 in place and the tub lid 370 removed from the sterile
tub assembly 350, as depicted in FIG. 30, holding the sterile tub assembly 350 “upside down” in
one hand while holding the inserter 200 in the other hand, a user slides/inserts the lancet shaft

375 with the attached inserter safety tab 390 of the sterile tub assembly 350 into the safety
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inserter/lancet shaft receiving slot 220 on the inserter 200 as indicated by arrow 222. FIG. 31
depicts the inserter 200 with a fully and properly inserted sterile tub assembly 350.

[0085] Sliding/inserting the sterile tub assembly 350 into the safety inserter/lancet
shaft receiving slot 220 from the side allows the positioning tab 382 to be received within the
sterile tub positioning tab receiving slot 230, the transmitter 510 to be received within the second
or non-sterile portion 365 of the tub portion 355 and the flange portion 380 of the lancet shaft
375 to be received within the lancet plunger 300 keyed portion 307. As depicted in FIGS. 18 and
19, when properly inserted, the flange portion 380 of the lancet shaft 375 is received within the
lancet plunger 300 keyed portion 307 such that the lancet shaft 375and lancet plunger 300 are
“locked” together. As depicted in FIG. 18, when the sterile tub assembly 350 is fully inserted
into the safety inserter/lancet shaft receiving slot 220 of the inserter 200, a distal end 256 of the
transmitter plunger 255 is adjacent to the transmitter 510 included in the tub portion 355. As can
be seen in FIGS. 18 and 19, which are side and front views, respectively, of the inserter
200/sterile tub assembly 350 combination depicting the internal components, prior to inserter
200 activation, the transmitter plunger 255, guide shaft 270 and lancet plunger 300 are positioned
on low points 240, 245 of the plunger assembly cam 238 by way of the plunger bridge 244. In
some embodiments, cam contact nubs 550 are included on the bottom of the plunger bridge 244.
In use, these cam contact nubs 550 slide/ride along the cam lobes 239a, 239b as the applicator
handle twist cam portion 210 and applicator handle 215 are rotated relative to one another as
discussed below.

[0086] The inserter 200 is now ready to (a) activate the analyte sensor 500 for use, (2)
attach the analyte sensor 500 to skin and (c) transdermally deliver the sensing element of the
analyte sensor 500.

[0087] Initially, the adhesive backing is removed from the adhesive pad 525 pad to
expose the adhesive used to adhere the adhesive pad 525 and hence, the analyte sensor 500, to a
patient’s skin. Next, the user or caregiver selects a location on the body for sensor placement
and with the inserter 200 in hand, presses the adhesive pad 525 against the patient’s skin at the
preferred body location. The user should apply a circular pressing motion to ensure that the
adhesive pad 525 is properly adhered to the skin. After the adhesive pad 525 is adhered to the
skin, the user removes the inserter safety tab 390 by pulling it laterally away from the inserter

200 as indicated by arrow 600 in FIG. 31 thereby unlocking the lancet shaft 375. The user then
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depresses the safety button 280 on the applicator handle twist cam portion 210 to unlock the
applicator handle twist cam portion 210 and applicator handle 215 from each other and
twists/rotates the applicator handle twist cam portion 180° relative to the applicator handle 215.

[0088] As previously disclosed, included on the interior of the applicator handle twist
cam portion 210 is a plunger assembly cam 238. Thus, as the applicator handle twist cam
portion 210 is rotated relative to the applicator handle 215, the bottom of the plunger bridge 244
that contacts the cam lobes 239a, 239b (cam contact nubs 550 in some embodiments) on the
plunger assembly cam 238, ride/slide along the cam lobes 239a, 239b causing the plunger bridge
244 and the attached transmitter plunger 255, guide shaft 270 and lancet plunger 300 to move up
and down in a linear motion towards and away from the sterile tub assembly 350 (as indicated by
arrows 605 in FIG. 18) in a manner that corresponds to the profile of the cam lobes 239a, 239b.
In some embodiments, the profile of the cam lobes 239a, 239b, causes the plunger bridge 244
and the attached plungers/shafts to move towards the sterile tub assembly approximately 6.5 mm.
As will be readily understood by those of skill in the art, the distance that the plunger bridge 244
travels can be controlled by the profile of the cam lobes 239a, 239b.

[0089] As can be seen in FIGS. 21 and 23, the lancet shaft 375 is connected to a
lancet 377, which is attached to the sensing element of the analyte sensor 500 that is to be
delivered transdermally. Accordingly, as the applicator handle twist cam portion 210 is rotated
relative to the applicator handle 215 and the plunger bridge 244 slides along the cam lobes 239a,
239b from the low points 240, 241 to the high points 240a, 240b, the lancet plunger 300 and the
connected lancet shaft 375, lancet 377 and sensing element move linearly towards the sterile tub
assembly 350 a max distance of approximately 6.5 mm. Movement of the lancet shaft 375,
lancet 377 and sensing element this distance causes the lancet 377 and sensing element to pierce
and move through a sealed silicon membrane in the base of the analyte sensor 500 and through
the adhesive pad 525. The lancet 377 then pierces the patient’s skin thereby inserting the sensing
element transdermally.

[0090] Because the transmitter plunger 255 is also attached to the plunger bridge 244,
this movement of the plunger bridge 244 also causes the transmitter plunger 255 to move a
corresponding distance thereby pushing the transmitter 510 that has been loaded into the
transmitter holder 225 on the inserter 200 in place onto the back of the analyte sensor 500. As

the transmitter 510 is pushed into its working position by the transmitter plunger 255, attachment
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elements 520 on the transmitter or second portion 515 of the analyte sensor, secure the
transmitter 510 in place. When secured in place, the battery contacts 221 on the transmitter 510
and the battery contacts 530 on the analyte sensor 500 align and make contact thereby activating
the transmitter 510 and hence, the analyte sensor 500, for use. The points on the cam lobes
239a, 239b when (a) the lancet 377 and attached sensing element are delivered a max distance
into the skin and (b) the transmitter 510 is attached to the analyte sensor 500 and activated,
correspond to high points 240a and 240b, as depicted in FIG. 16, and correspond to a relative
rotation of the applicator handle twist cam portion 210 to the applicator handle 215 of
approximately 90°. Additionally, at this point of rotation, the transmitter plunger biasing
element 260 and the lancet plunger biasing element 305 are compressed a distance equal to the
travel distance of the plunger bridge 244 thereby loading the biasing elements 260, 305 with
stored energy.

[0091] As the user continues to rotate the applicator handle twist cam portion 210 and
the associated plunger assembly cam 238 through the next approximately 90°, the plunger bridge
244 slides along the cam lobes 239a, 239b from the high points 240a, 240b to the low points 240,
241 causing (a) the transmitter plunger 255 and (b) the lancet plunger 300 and the connected
lancet shaft 375 and lancet 377 to retract as well. Retraction of the transmitter plunger 255 and
the lancet plunger 300 is aided by the biasing elements 260, 305 unloading their stored energy.
As the lancet 377 is retracted from the patient’s skin, the sensing element detaches from the
lancet 377 and is left implanted in place within the patient’s skin.

[0092] Thus, based on the profile of the cam lobes 239a, 239b, rotating the applicator
handle twist cam portion 210 through the first approximately 90° causes the shape/profile of the
plunger assembly cam 238 to move the plunger bridge 244 and the attached transmitter plunger
255 and lancet plunger 300 to attach the transmitter 510 to the analyte sensor 500 and to deliver
the lancet 377 and the attached sensing element transdermally and rotating the applicator handle
twist cam portion 210 through the second approximately 90° causes the shape/profile of the
plunger assembly cam 238 to move the plunger bridge 244 and the attached transmitter plunger
255 and lancet plunger 300 to retract (a) removing the transmitter plunger 255 from the tub
portion 355 and (b) retracting the lancet 377 from the skin, leaving the sensing element
implanted. Upon a completed 180° degree rotation of the applicator handle twist cam portion

210, an audible “click” will sound signifying that the safety button 280 has popped out of the
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hole 610 on the opposite side of the applicator handle twist cam portion 210. This indicates that
the lancet 377 (a) has fully implanted the sensing element and (b) has fully retracted to a “safe”
position within the tub portion 355, and as a result, the inserter has performed a completed
delivery cycle.

[0093] In order to eject the analyte sensor 500 from the tub portion 355 to remove the
inserter 200 leaving the analyte sensor 500 attached to the patient’s skin, the user applies
pressure substantially perpendicular to the patient’s skin as indicated by arrow 615 in FIG. 19, to
the handle twist cam eject portion 205. This action causes the handle twist cam eject portion 205
to move relative to the applicator handle twist cam portion 210 towards the patient’s skin. This
movement causes the push rod stubs 235 to engage the ejector bars 285 and push the ejector bars
285 forward towards the patient’s skin. As the ejector bars 285 move forward, they engage and
push the locking cams 385 forward, which pull a pair of analyte sensor locking pins 620 back
thereby releasing the analyte sensor 500 from the tub portion 355. The user can now remove the
inserter 200 from the skin leaving the analyte sensor 500 in place and attached to the skin while
the sterile tub assembly 350 remains attached to the inserter 200. Once pressure is removed from
the inserter 200, the ejector cam spring 236 returns the handle twist cam eject portion 205 back
to its starting position. The ejector bar springs 290, which are attached to the ejector bars 285,
return the ejector bars back to their starting position. To remove the used sterile tub assembly
350 from the inserter 200, the user can apply pressure with their fingers to the bottom of the
sterile tub assembly 350 to slide the sterile tub assembly 350 off of the inserter 200 in a manner
opposite to how the sterile tub assembly 350 was attached to the inserter 200.

[0094] The lancet 377 is retained within the sterile tub assembly 350 in a retracted
and locked “safe” position to prevent injury to the user or any other person. The used sterile tub
assembly 350 can then be disposed of safely and in an environmental manner in, for example, a
“sharps” or “needle safe” container.

[0095] In order to reuse the inserter after a completed delivery and application of an
analyte sensor to the skin, the user holds the applicator handle 215with one hand and depresses
the safety button 280 with the other hand. The user then rotates the applicator handle twist cam
portion 210 back to its starting position, i.e., 180°, where the safety button 280 “pops” back out
of the hole located 180° degrees on the opposite side of the applicator handle twist cam portion

210. As depicted in FIG. 32, in some embodiments, the “start” position is indicated by an arrow
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or other marking 675 on the applicator handle 215 and a line or other marking 680 on the
applicator handle twist cam portion 210.

[0096] The analyte sensor 500 now activated and attached to the patient’s skin by
way of the adhesive pad 525 can be used for approximately two (2) weeks after which, the
patient can remove the analyte sensor 500 from the skin by peeling the adhesive pad 525 off of
the skin. Removing the analyte sensor also removes the sensing element from the patient’s skin.
Once the analyte sensor 500 is removed, the user can remove the reusable transmitter 510 from
its clipped-on location on the analyte sensor 500. The used analyte sensor 500 can then be
disposed of safely by the user and the reusable transmitter 510 can be inserted into the
transmitter holder 225 of the inserter 200 for use with a new analyte sensor 500. The user can
then (a) load the new sterile stub assembly 350 with the new analyte sensor into the same inserter
200 that the user used for the previous analyte sensor and (b) follow the above-disclosed steps to
attach and activate the new analyte sensor.

[0097] Some embodiments of the invention are also directed to a kit that includes the
inserter, transmitter and sterile tub assembly that includes the medical device (analyte sensor).
Accordingly, because the transmitter and inserter are reusable, the cost of the body wearable
medical device (analyte sensor), is reduced.

[0098] In some embodiments, the inserters disclosed and described herein may be
available in a package that may initially contain the inserter, the reusable transmitter and the
sterile tub assembly that includes the medical device (analyte sensor) preloaded therein. For
subsequent uses of the inserter, a user can purchase new sterile tub assemblies that include the
medical device (analyte sensor) preloaded therein.

[0099] As will be readily understood by those of skill in the art, embodiments of the
disclosed and described inserters and sterile tubs can be designed to use a lancet or other skin
piercing element to transdermally deliver other components of a medical device such as, for
example, drug delivery cannulas (micro catheters) or other delivery lumens for infusion pumps to
deliver, for example, insulin and other therapeutic agents/treatments to a patient. In addition,
lancet and other skin piercing elements can be used with the disclosed and described inserter and

sterile tub embodiments to implant drug eluting implants.
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WHAT IS CLAIMED:

1. An inserter for a medical device, the inserter comprising:
a housing having a first end with an opening therein;
an actuator connected to a first gear;
an actuator biasing element;
a cam gear assembly comprising a cam member and a second gear;
a cam bridge follower in contact with the cam member; and

a first plunger assembly comprising a first plunger and a first biasing element.

2. The inserter of claim 1, wherein the opening is configured to receive at least a portion of

the medical device therein.

3. The inserter of claim 1 or claim 2, wherein the actuator is a trigger.

4. The inserter of any one of claims 1-3, wherein a first end of the first plunger contacts the

cam bridge follower.

5. The inserter of any one of claims 1-4, wherein actuation of the actuator rotates the cam

member causing the cam bridge follower and the first plunger to move linearly.

6. The inserter of any one of claims 1-5, further comprising a tub assembly.

7. The inserter of claim 6, wherein the tub assembly comprises:
a tub portion having a base; and
a second plunger assembly comprising a second plunger and a second biasing

element.

8. The inserter of claim 7, wherein the tub portion comprises a first portion that includes a
first component of the medical device and a second portion capable of holding a second

component of the medical device.
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9. The inserter of claim 8, wherein the first portion is a sterile portion and the second

portion is a non-sterile portion.

10. The inserter any one of claims 7-9, wherein the second plunger assembly further

comprises a skin piercing element.

11. The inserter any one of claims 8-10, wherein the second portion includes a transmitter.

12. The inserter any one of claims 7-11, wherein at least the second plunger assembly of the

tub assembly is inserted into the opening in the housing.

13. The inserter any one of claims 7-12, wherein at least one end of the second plunger

contacts the cam bridge follower.

14. The inserter any one of claims 1-13, wherein at least one end of the first plunger contacts

the cam bridge follower.

15. The inserter any one of claims 7-14, wherein movement of the cam bridge follower

moves the first plunger and the second plunger in a corresponding manner.

16. The inserter any one of claims 10-13, wherein movement of the cam bridge follower a
maximum distance in a first direction results in the skin piercing element of the second plunger

assembly piercing the tub assembly base.

17. The inserter of claim 16, wherein at least one component of the medical device is

attached to the skin piercing element.

18. The inserter of any one of claims 1-17, wherein the medical device is an analyte sensor.

19. The inserter of claim 18, wherein the analyte sensor measures an analyte from the group
comprising glucose, galactose, fructose, lactate, peroxide, cholesterol, amino acids, alcohol,

lactic acid, and mixtures of the foregoing.
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20. The inserter of claim 17, wherein the medical device is an analyte sensor and wherein the
at least one component of the medical device that is attached to the skin piercing element is a

sensing element.

21. The inserter of any of claims 10-13, 16, 17 and 20, wherein the skin piercing element is a
lancet.
22. An inserter for a medical device, the inserter comprising:

a housing having a first end with an opening therein;

an actuator connected to a first gear;

an actuator biasing element;

a cam gear assembly comprising a cam member and a second gear;

a cam bridge follower in contact with the cam member;

a first plunger assembly comprising a first plunger and a first biasing element; and
a tub assembly comprising:

a tub portion including a first portion that includes a first component of the
medical device, a second portion capable of holding a second component of the medical
device and a base; and

a second plunger assembly comprising a second plunger and a second

biasing element.

23. The inserter of claim 22, wherein the tub assembly is inserted into the opening in the first

end of the housing.

24. The inserter of claims 22 or 23, wherein the second plunger assembly further comprises a

skin piercing element.

25. The inserter of any one of claims 22-24, wherein the medical device is an analyte sensor.

26. The inserter of claim 25, wherein the analyte sensor measures an analyte from the group
comprising glucose, galactose, fructose, lactate, peroxide, cholesterol, amino acids, alcohol,

lactic acid, and mixtures of the foregoing.
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27. The inserter any one of claims 22-26, wherein movement of the cam bridge follower

moves the first plunger and the second plunger in a corresponding manner.

28. The inserter any one of claims 24-27, wherein movement of the cam bridge follower a
maximum distance in a first direction results in the skin piercing element of the second plunger

assembly piercing the tub assembly base.

29. The inserter any one of claims 24-28, wherein the skin piercing element is a lancet.

30. A tub assembly for use with a medical device inserter, the tub assembly comprising:
a tub portion including a first portion that includes at least a first component of
the medical device,

a second portion capable of holding at least a second component of the medical

device;
a base; and
a plunger assembly comprising a plunger, s biasing element and a skin piercing
element.
31. An inserter for a medical device, the inserter comprising:

a housing comprising:
a first portion that includes a slot therein and a component holder for a
component of the medical device;
a second portion that is rotatable relative to the first portion and that
includes a cam element on its interior;
a third portion attached to the second portion and longitudinally slideable
relative to the second portion, and
a spring element disposed between the second portion and the third
portion;
a first plunger assembly comprising a first plunger having a first end and a second
end that includes a keyed portion, and a first biasing element;
a second plunger assembly comprising a second plunger having a first end and a

second end, and a second biasing element; and
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a plunger bridge connected to the first end of the first plunger and the first end of
second plunger, wherein at least a portion of a bottom surface of the plunger bridge

contacts the cam element.

32. The inserter of claim 31, wherein the cam element includes two cam lobes.

33. The inserter of claim 32, wherein the two cam lobes define two low points and two high

points on the cam element.

34. The inserter of any of claims 32-33, wherein when the second portion is rotated relative
to the first portion, the bottom surface of the plunger bridge that contacts the cam element slides
along the cam element and moves up and down within an interior of the inserter a distance that

corresponds to a profile of the cam lobes.

35. The inserter of claim 34, wherein the first plunger and the second plunger move up and

down within the interior of the inserter in a manner that corresponds to the movement of the

plunger bridge.
36. The inserter of any of claims 31-35, further comprising a tub assembly.
37. The inserter of claim 36, wherein the tub assembly comprises:

a tub portion including a first portion that includes a first component of the
medical device, a second portion capable of holding a second component of the medical device
and a base;

a piercing element plunger comprising:

a piercing element;
a flange portion; and
a locking portion;

a safety tab comprising:

a locking arm including an engaging portion that engages a portion of the
piercing element plunger;

a tub engaging portion; and

28



WO 2018/195286 PCT/US2018/028318

a grasping portion; and

a removeable lid.

38. The inserter of claim 37, wherein the tub assembly further comprises a pair of locking
cams.
39. The inserter of any one of claims 37-38, wherein the first portion of the tub portion is a

sterile portion and the second portion of the tub portion is a non-sterile portion.

40. The inserter of any one of claims 31-39, wherein a transmitter is inserted into the

component holder.

41. The inserter of any one of claims 31-40, wherein the piercing element plunger is inserted

into the slot in the first portion of the inserter.

42. The inserter of claim 41, wherein the flange portion of the piercing element plunger is

received within the keyed portion of the first plunger.

43. The inserter of any one of claims 40-42, wherein the transmitter is received with the

second portion of the tub portion.

44, The inserter of claim 37, wherein at least one component of the medical device is

attached to the skin piercing element.

45. The inserter of any one of claims 31-44, wherein the medical device is an analyte sensor.

46. The inserter of claim 45, wherein the analyte sensor measures an analyte from the group
comprising glucose, galactose, fructose, lactate, peroxide, cholesterol, amino acids, alcohol,

lactic acid, and mixtures of the foregoing.
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47. The inserter of claim 44, wherein the medical device is an analyte sensor and wherein the
at least one component of the medical device that is attached to the skin piercing element is a

sensing element.

48. The inserter of any of claims 37-47, wherein the skin piercing element is a lancet.

49. An inserter for a medical device, the inserter comprising:

a housing comprising:

a first portion that includes a slot therein and a component holder for a
component of the medical device;

a second portion that is rotatable relative to the first portion and that
includes a cam element on its interior;

a third portion attached to the second portion and longitudinally slideable
relative to the second portion, and

a spring element disposed between the second portion and the third
portion;

a first plunger assembly comprising a first plunger having a first end and a second
end that includes a keyed portion, and a first biasing element;

a second plunger assembly comprising a second plunger having a first end and a
second end, and a second biasing element;

a plunger bridge connected to the first end of the first plunger and the first end of
second plunger, wherein at least a portion of a bottom surface of the plunger bridge contacts the
cam element; and

a tub assembly comprising:

a tub portion including a first portion that includes a first component of the
medical device, a second portion capable of holding a second component of the medical
device and a base;

a piercing element plunger comprising:

a piercing element;
a flange portion; and

a locking portion;
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a safety tab comprising:
a locking arm including an engaging portion that engages a portion
of the piercing element plunger;
a tub engaging portion; and
a grasping portion; and
a removeable lid,
wherein the piercing element plunger is inserted into the slot in the first portion of
the inserter, and wherein the flange portion of the piercing element plunger is received within the

keyed portion of the first plunger.

50. A kit for applying a medical device to a patient’s skin comprising:
an inserter comprising
a housing comprising:

a first portion that includes a slot therein and a component
holder for a component of the medical device;

a second portion that is rotatable relative to the first portion
and that includes a cam element on its interior;

a third portion attached to the second portion and
longitudinally slideable relative to the second portion, and

a spring element disposed between the second portion and
the third portion;

a first plunger assembly comprising a first plunger having a
first end and a second end that includes a keyed portion, and a first biasing
element;

a second plunger assembly comprising a second plunger
having a first end and a second end, and a second biasing element;

a plunger bridge connected to the first end of the first
plunger and the first end of second plunger, wherein at least a portion of a
bottom surface of the plunger bridge contacts the cam element; and

a tub assembly comprising:

31



WO 2018/195286 PCT/US2018/028318

a tub portion including a first portion that includes a first component of the
medical device, a second portion capable of holding a second component of the medical
device and a base;

a piercing element plunger comprising:

a piercing element;
a flange portion; and
a locking portion;

a safety tab comprising:

a locking arm including an engaging portion that engages a portion
of the piercing element plunger;

a tub engaging portion; and

a grasping portion; and

a removeable lid.

51. A tub assembly comprising:

a tub portion including a first portion that includes a first component of the
medical device, a second portion capable of holding a second component of the medical device
and a base;

a piercing element plunger comprising:

a piercing element;
a flange portion; and
a locking portion;

a safety tab comprising:

a locking arm including an engaging portion that engages a portion of the
piercing element plunger;

a tub engaging portion; and

a grasping portion; and

a removeable lid.

52. A kit for applying a medical device to a patient’s skin comprising:

an inserter comprising:
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a housing having a first end with an opening therein;

an actuator connected to a first gear;

an actuator biasing element;

a cam gear assembly comprising a cam member and a second gear;

a cam bridge follower in contact with the cam member;

a first plunger assembly comprising a first plunger and a first biasing
element; and

a tub assembly comprising:

a tub portion including a first portion that includes a first component of the
medical device, a second portion capable of holding a second component of the medical
device and a base; and

a second plunger assembly comprising a second plunger and a second

biasing element.

33



PCT/US2018/028318

WO 2018/195286

1/20

¢ B4

ol

of
)
Gg
St 09
-— 08
GS
c9
oL = G/
c8 ——— \
o8
QP
08— |

SUBSTITUTE SHEET (RULE 26)



WO 2018/195286 PCT/US2018/028318

2/20

127

65
—60
35

i |

100

Fig.3

70
15

10

SUBSTITUTE SHEET (RULE 26)



WO 2018/195286 PCT/US2018/028318

3/20

145

152

140

Fig.6

155

152

140

Fig.5

160

SUBSTITUTE SHEET (RULE 26)



WO 2018/195286 PCT/US2018/028318

4/20

o 0
i 5
N 5
®
Jr I
B =

115

o
N
—

Fig.7

SUBSTITUTE SHEET (RULE 26)



WO 2018/195286 PCT/US2018/028318

5/20

o
o
o n [Te)
N @ <~ ™M Q
11 1 1 /
o Q
° © o
LL
1 ] SN

120
65
15

10

100
l/1 65

176
152
20
5
10
\

SUBSTITUTE SHEET (RULE 26)



PCT/US2018/028318

WO 2018/195286

6/20

oo
ol
oY
G¢e
*14
G9 09
o.— 1 _
) L
0Cl ——a = e—GL
gL ==
D dp <8

e~ ¢8!

SUBSTITUTE SHEET (RULE 26)



PCT/US2018/028318

WO 2018/195286

7/20

1014

11074

e1Bi4

001 p L o —08

91

SUBSTITUTE SHEET (RULE 26)



WO 2018/195286 PCT/US2018/028318

8/20

SUBSTITUTE SHEET (RULE 26)



PCT/US2018/028318

WO 2018

9/20

SUBSTITUTE SHEET (RULE 26)



WO 2018/195286 PCT/US2018/028318

10/20

215

270 215

255 305

260

210

Fig17

SUBSTITUTE SHEET (RULE 26)



WO 2018/195286

//200

375
390

PCT/US2018/028318

11/20

o o 8 ¥ o®
n Qo %)
5 888 R_KN T T 8
O(DNN o
"\’0\\\ |
8 N
it N
o N
93 N
N
z o
0
N
N
7N
0 N &
N
%)
] \ 7 3
/lgmozl (m
o g =2 238Z8BE& g9 B
10 N o g o
o0
-

SUBSTITUTE SHEET (RULE 26)



PCT/US2018/028318

WO 2018/195286

Gee

{074

029

(o]

N

N
n

wa
O
N

0S¢

LLE

/XL )L Z
| mﬂ - £z
NN NN
N [
ll/.l/_ ~——8cz
W \”/oo¢u
m N ~—~—o067
T
Ty =
\ilim AN \\m\\ Gz
_\Mom\_ \
/) LN ——G8¢
N Y,
ALY N ;4\ ks
- | B N\

SUBSTITUTE SHEET (RULE 26)



88888888888888888888888888888

13/20

SUBSTITUTE SHEET (RULE 26)



WO

400

2018/195286 PCT/US2018/028318

14/20

355

N
O
i

o
o
M

380
370
365 PR\
Z( /;‘ i ’ -

SUBSTITUTE SHEET (RULE 26)



WO 2018/195286 PCT/US2018/028318

15/20

412

390

355

Fig.22

387

SUBSTITUTE SHEET (RULE 26)



PCT/US2018/028318

WO 2018/195286

16/20

0] 2]

GlLG

SUBSTITUTE SHEET (RULE 26)



WO 2018/195286 PCT/US2018/028318

17/20

505

530

SUBSTITUTE SHEET (RULE 26)



WO 2018/195286 PCT/US2018/028318

18/20
o
N
N
(@]
(@]
N\
N m
(o))
N
O Ig
0 LL
(@]
N
~N 0
~
~
N

510

230

225

SUBSTITUTE SHEET (RULE 26)



WO 2018/195286 PCT/US2018/028318

19/20

350
387

390

(o

282~ __ __— 4

/

230 225 375 "\\\\\\\
400
\\\ // 220

; 410
380

[

222

) ~—~215
210

I“ I 1| I _#1 F=EJEND
Q\l_u J U U J_‘IU\

205

200—////1

SUBSTITUTE SHEET (RULE 26)



WO 2018/195286 PCT/US2018/028318

20/20

525
_——210
205

215

230

(@]
[0)] (@]
"\ (38 = %
A : \
7
O -
i
- g—
(op)
o) - A
—— | O
iC
A — |4
\ AN
S

230
215—

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT International application No.

PCT/US 18/28318

Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. l:' Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

/]
3. Claims Nos.: 4-21, 25-29 and 36-48
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. I:] No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fcc was not paid within the time limit specified in the invitation.

|:I No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US 18/28318

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - A61M 5/32, A61B 5/151 (2018.01)
cPC

2005/1585

- A61M 5/3287, A61M 2005/14252, A61M 2005/14284, A61B 5/15113, A61B 5/15117, A61M

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

See Search History Document

Minimum documentation searched (classification system followed by classification symbols)

See Search History Document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the intemational search (name of
See Search History Document

data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X US 2012/0190951 A1 (Curry et al.), 26 July 2012 (26.07.2012), entire document, especially Fig. | 30
- 16-17; para [0144)-[0149) e
A 22-24, 49-52
A US 9,084,686 B1 (SPINE WAVE, INC.), 21 July 2015 (21.07.2015), entire document, especially | 1-3, 22-24, 31-35, 49-50
Fig. 1A-1C and 9; col 3, In 53 to col S, In 46 and 52
A US 2011/0061660 A1 (Cruzada et al.), 17 March 2011 (17.03.2011), entire document, 1-3, 22-24, 31-35, 49-50
especially Fig. 4 and 6; para [0054]-[0060] and 52
A US 2010/0217105 A1 (Yodfat et al.), 26 August 2010 (26.08.2010), entire document 1-3, 22-24, 30-35, and 49
-52
A US 2008/0027461 A1 (Vaquero et al.), 31 January 2008 (31.01.2008), entire document 1-3, 22-24, 30-35, and 49
-52
A US 2005/0149057 A1 (Rathert), 07 July 2005 (07.07.2005), entire document 1-3, 22-24, 30-35, and 49

-52

D Further documents are listed in the continuation of Box C.

D See patent family annex.

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“O” document referring to an oral disclosure, use, exhibition or other
means

“P” document published prior to the international filing date but later than

the priority date claimed

“T"  later document published afier the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

19 June 2018

Date of mailing of the international search report

27 JUL 2018

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300

Authorized officer:
Lee W. Young

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (January 2015)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - wo-search-report
	Page 56 - wo-search-report

