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FIG. 2

(57) Abstract: A skin sensing system for a drug delivery device includes a control unit and a skin sensor comprising one or more
electrodes. The skin sensor may be configured to store a threshold value associated with skin sensing, receive one or more sensed
signal values from the one or more electrodes, compare the one or more sensed signal values with the threshold value, and based on
the comparison, transmit a resultant signal to the control unit. The resultant signal is used by the control unit to determine whether a
skin surface of a user is substantially proximate to the skin sensor upon receiving the resultant signal. A drug delivery device (50) for
sensing contact with the skin includes the skin sensing system. When the skin sensor senses that the drug delivery device is in con-
tact with a patient's skin surface, drug delivery from the device may be permitted.



SKIN SENSORS FOR DRUG DELIVERY DEVICES

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This patent application claims the benefit of U.S. Provisional Patent Application
No. 62/043,070 filed August 28, 2014 .

FIELD OF THE INVENTION

[0002] The present invention relates to skin sensor systems and apparatuscs. More
specifically, the embodiments of the present invention are directed to electrical and electro-
mechanical skin sensor systems for drug delivery devices. The present invention also relates
to drug delivery devices, such as reusable automatic injection devices for injectable syringes,

having such skin sensor systems, and their methods of use.

BACKGROUND OF THE INVENTION

[0003] Manually activated pre-filled cartridges are commercially available from a variety
of manufacturers, including the owner and assignee of the present invention. Pre-filled
cartridges are used in the administration of drug solutions, drug suspensions, vaccines,
mcdicinal therapics, and any other liquid medicament by parcenteral injection. Such pre-filled
cartridges include a primary drug chamber, a hypodermic needle permanently affixed to and
in fluid communication with the drug chamber, and a piston slidably received in the drug
chamber. The pistons of the pre-filled cartridges often include a plunger sub-assembly, which
may include a plunger inner and a plunger outer, to force the liquid medicament from the
needle. Pre-filled cartridges are typically prepared by pharmaceutical companies or sterile
filling contractors in a sterile filling room in which the drug and the cartridge are brought
together in a sterile manufacturing environment wherein all components and drug solutions
are isolated from microbial contamination. Currently, visual, tactile or audible indicators are
generally linked to the end of stroke or some other mechanical mechanism and not to the end
of dose. The integrated needle retraction syringe retracts the needle into the barrel, removing
it from the patient’s skin, once the dose is complete.

[0004] In contrast to manually activated pre-filled cartridges, automatic injection devices,

commonly known as “auto injectors,” are also available. Such auto injectors, once triggered
1
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by the user, use an automatic mechanism to insert a hypodermic needle into the recipient's
flesh at the injection site and force the liquid medicament out of a medicine compartment,
through the hypodermic needle, and into the recipient. In addition, some auto injectors also
incorporate retraction mechanisms to automatically retract the needle after use. Auto injectors
have proven particularly useful in allowing the medically untrained user to administer a
parenteral injection, and can provide both psychological and physical advantages to patients.
[0005] Patients needing to inject medication for chronic disease management have used
auto injectors since the first reusable auto injector was introduced in the 1990s. An auto
injector provides protection for the primary container, gencrally a pre-filled syringe, and
offers an easy way for administration of medication. These devices offer increased
convenience and autonomy for patients as well as providing a competitive advantage to the
pharmaceutical partner through device differentiation and increased sales by facilitating
compliance of the patient to their therapy. Auto injectors may also be beneficial in delivering
large volumes (up to ImL currently) and viscous drugs. Auto injectors also work to prevent
needle stick injuries by housing the needle within a chamber, inserting the needle into the
patient for drug introduction, then retracting the needle back into the housing utilizing, for
example, reverse drive mechanisms.

[0006] Moreover, some auto injectors have been designed to accept commercially
available, manually activated cartridges. Such configurations may be made in the form of
cartridges for auto injectors (e.g., reusable auto injectors) or single-use auto injectors. The
syringes developed and manufactured by the owner and assignee of the present invention
offer unique and elegant integrated retraction mechanism for needle safety. A number of
different syringes and cartridge configurations may be utilized in such auto injectors,
including those sold by under the trade names “Unifill” and “Unifill Finesse” and covered by
one or more of the following: U.S. Patent Nos. 6,083,199, 7,500,967, 7,935,087, 8,021,333,
8,002,745, 8,052,654, 8,114,050, and 8,167,937; U.S. Patent Pub. No. 2011/0015572 and
U.S. Patent Pub. No. 2013/0226084; and International PCT App. Nos. PCT/AU2010/001505,
PCT/AU2010/001677, PCT/AU2011/000515, PCT/US2012/067793, and
PCT/US2014/024781.

The automatic injectors are also designed to accept a variety of syringes as filled
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drug-container cartridges, i.c., as pre-filled syringes, including the “Unifill” and “Unifill
Finesse” syringes described herein.

[0007] Placement or orientation of the auto injector device relative to the injection site is
critical for successful outcome of the drug delivery. For example, a patient may be required
to place the auto injector device on the injection site so that the device remains perpendicular
throughout the drug delivery process. However, stringent positional requirements of such a
device may pose challenges for some patients. Particularly, due to a lapse in concentration or
due to lack of dexterity, older patients may substantially tilt the auto injector device, and
improperly inject the wrong tissue. This may lead to erroncous treatment, which consequently
could be detrimental to the health of the patient.

[0008] To-date, auto injector devices do not provide continuous guidance associated with
the positioning of the device. As a result, due to lack of assistance from the device, it may be
difficult for the patient to maintain the required position or orientation of the auto injector,
and the patient may improperly place the auto injector during the drug delivery period.

[0009] Therefore, there is a need for improved auto injector devices that are operable
only when the devices are in contact with and/or are properly oriented with respect to the

patient’s skin during the drug delivery process.

BRIEF SUMMARY OF THE INVENTION
[0010] The present invention relates to automatic injection devices for drug delivery
which incorporate an electronic skin sensor that may be used as an input to a drive control
mechanism. The status of the electronic skin sensor may be used to enable and/or disable
functions of the drive control mechanism and/or may be used to activate functions of the
drive control mechanism. The status of the electronic skin sensor may also be used to activate
or deactivate visual or audible status indicators. The components of the automatic injection
devices are configured for repeatable functionality.
[0011] The owner and assignee of the present invention has developed syringes that offer
unique and elegant integrated mechanisms for retraction of the needle and/or syringe. The
automatic injectors of the present invention may be single-use devices but are, preferably,

utilized as reusable automatic injectors. Accordingly, a number of single-use syringes may be
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employed as cartridges with the automatic injectors of the present invention. The reusable
automatic injectors of the present invention could be adapted for use with any type of
retractable or safety syringe, but for simplicity, the invention is described when using a
syringe similar to those sold by the owner and assignee of the present invention under the
trade name “Unifill.” The automatic injectors are also designed to accept a varicty of syringes
as drug-container cartridges. Such syringes are provided herein as merely examples of
syringes capable of being utilized as cartridges within auto injectors of the present invention,
and the embodiments of the present invention are readily configurable to adapt or accept a
broad range of syringes for drug delivery to a patient.

[0012] The inventive incorporation of an electronic skin sensor into an automatic injector
may increase the safety of the user or operator by decreasing the risk of a needle-stick injury.
It additionally may decrease the likelihood of expelling the contents of a syringe
unintentionally or inadvertently.

[0013] In one embodiment, the present invention provides a skin sensing system for a
drug delivery device that comprises a control unit and a skin sensor. The skin sensor may
include one or more electrodes. The skin sensor may be configured to: store a threshold value
associated with skin sensing. The skin sensor may receive one or more sensed signal values
from the one or more clectrodes. The skin sensor may also be configured to compare the onc
or more senscd signal values with the threshold value, and based on the comparison, the skin
scnsor transmits a resultant signal to the control unit. The resultant signal may then be used
by the control unit to determine whether a skin surface of a user is substantially proximate to
the skin sensor upon receiving the resultant signal.

[0014] In another embodiment, the skin sensing system may determine that the skin
surface of the user is substantially proximate to the sensor when the resultant signal indicates
that the one or more sensed signals received from the respective one or more electrodes are
above the threshold value.

[0015] The skin sensing system may also include a display unit which may be coupled to
the control unit. In some embodiments, based on the determination, the skin sensing system
may cause the display unit to display a first status notification indicating that the skin surface

of the user is substantially proximate to the skin sensor.
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[0016] Yet in another embodiment, the skin sensing system may determine that the skin
surface of the user is not substantially proximate to the sensor when the resultant signal
indicates that the one or more sensed signals received from the respective one or more
clectrodes are below the threshold value. Based on the determination, the control unit may
causc the display unit to display a second status notification indicating that the skin surface of
the user is not substantially proximate to the skin sensor.

[0017] In some implementations, the skin sensing system may include a cartridge sensor.
In such implementations, the control unit of the drug delivery device may be further
configured to determine an operational status of a presence of the cartridge based on a
cartridge status signal received from the cartridge sensor.

[0018] In another implementation, the skin sensing system may comprise a cartridge
cover sensor. In that implementation, the control unit may be configured to determine another
operational status of a cartridge cover based on a cartridge cover status signal received from
the cartridge cover sensor, and after the determination of the operational status of the
cartridge sensor.

[0019] In some embodiments, the skin sensing system may provide the user with a user
prompt to activate one or more operations of the system upon determination that: (a) the
cartridge is present indicated by the cartridge status signal, (b) the cartridge cover is closed
indicated by the cartridge cover status signal, and (¢) after the reception of the resultant signal
from the skin sensor. The control unit may cause at least one or more of the operations
including injection of a needle into the skin surface based on instructions received from the
user in response to the user prompt.

[0020] In another embodiment, the skin sensing system may monitor the skin sensing
during a drug delivery process. During the drug delivery process the control unit may
determine that the skin sensor is substantially proximate to the skin surface based on the
resultant signal from the skin sensor indicating that the one or more sensed signal values are
within a fluctuation window of electrode signal values. The fluctuation window may include
a range of electrode signal values that are stored in the skin sensor and are calculated as

percentages of the threshold value. Moreover, the range of values may include an upper limit
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defined by a percentage of the threshold value and a lower limit defined by another
percentage of the threshold value.

[0021] In some embodiments, the skin sensing system may determine that the skin sensor
1s not substantially proximate to the skin surface during the drug delivery when the resultant
signal indicates that the one or more sensed signals is at least below the lower limit of the
fluctuation window. The control unit, in some examples, based on the determination that the
skin sensor is not substantially proximate to the skin surface during the drug delivery, may
cause a drive unit to retract a needle from the skin surface of the user.

[0022] In one embodiment, the skin sensing system may cause the display unit to display
a guidance message to re-position the skin sensing system prior to the retraction of the needle
and before the one or more sensed signals falls below the lower limit of the fluctuation
window. Moreover, in some embodiments, the threshold value may be selected to be stored
in the skin sensor from a group consisting of: (a) predetermined skin sensing threshold values
determined by an administrator, and (b) calibrated skin sensing threshold values that are
iteratively determined by the user.

[0023] In some implementations, a method of using the skin sensing system may include
storing a threshold value associated with skin sensing in a skin sensor, receiving, by the skin
sensor, onc or more sensed signals from one or more clectrodes. The method may include
comparing the one or more senscd signals to the stored threshold value and transmitting a
resultant signal to a control unit bascd on the comparison. The method further compriscs
determining, by the control unit, whether a skin surface of a user is substantially proximate to
the skin sensor upon receiving the resultant signal.

[0024] In another embodiment, the present invention provides an automatic injector (Al)
device adapted to receive a cartridge including a barrel, a needle, and a plunger assembly
including a plunger seal, the cartridge defining a longitudinal axis. The Al device may
include a housing, a cartridge carrier that may be adapted to receive at least a portion of the
cartridge, and the cartridge carrier may be disposed for movement relative to the housing in a
direction parallel to the longitudinal axis of the cartridge. The Al device may further include
a plunger carrier disposed for movement relative to the cartridge carrier, and an elongated

drive device coupled to the plunger carrier. The elongated drive device may be disposed to
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provide movement of the plunger carrier in a direction parallel to the longitudinal axis of the
cartridge. The Al device may include a transmission assembly coupling to a motor to the
elongated device, and the skin sensor, and the Al device may control the motor, based on the
resultant signal received from the skin sensor.

[0025] In another embodiment, the Al device may control the cartridge carrier to move
the cartridge from a first position where the needle is within the housing, to a second position

where the needle extends distally from the housing.

BRIEF DESCRIPTION OF THE DRAWING(S)

[0026] The following non-limiting embodiments of the invention are described herein
with reference to the following drawings, wherein:

[0027] FIG. 1 is an isometric view of an automatic injector of the present disclosure;
[0028] FIG. 2 is an isometric view of an automatic injector of the present disclosure in
which a cartridge is in place;

[0029] FIG. 3 is a detail view of a latch mechanism of an automatic injector of the
present disclosure;

[0030] FIG. 4 is an isometric view of a subassembly of an embodiment of an automatic
injector of the present disclosure;

[0031] FIG. 5A is an isometric view of another embodiment of the automatic injector;
[0032] FIG. 5B is a zoom-in view of an embodiment of the automatic injector that
includes an exemplary skin sensor;

[0033] FIG. 5C is a zoom-in view of another embodiment of the automatic injector that
includes an exemplary skin sensor;

[0034] FIG. 6 is a block diagram illustrating an exemplary skin sensing system of the
automatic injector;

[0035] FIG. 7A is a block diagram depicting an exemplary skin sensor of the auto
injector;

[0036] FIG. 7B is a graph showing threshold values associated with an exemplary skin

sensor of the auto injector;
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[0037] FIG. 7C is a flow chart illustrating an exemplary method for detection of skin of a
user with an auto injector; and
[0038] FIG. 8 is another flow chart showing an exemplary method for a drug delivery

scquence.

DETAILED DESCRIPTION OF THE INVENTION

[0039] The embodiments of the present invention relate to electronic skin sensors and
their related use in automatic injection devices for drug delivery. The components of the skin
sensors and automatic injection devices making use of such sensors are configured for
repeatable functionality, and the automatic injectors are designed to accept a variety of drug
containers, such as syringes, as cartridges. For the purposes of this disclosure, the term
“cartridge” will refer generically to both syringes, which include a plunger rod for
administration of a medicament from a barrel by movement of a plunger seal, and
medicament containing barrels that do not include a plunger rod for activation of a plunger
seal.

[0040] The automatic injectors of the present invention may be single-use devices but
are, preferably, utilized as reusable automatic injectors and may additionally be wearable
automatic injectors. More specifically, the embodiments of the present invention relate to
electro-mechanical automatic injection devices which utilize motor-driven drive mechanisms,
incorporate replaceable injection syringes, and perform one or more of the steps of:
preparation and alignment of a cartridge for injection, removal of a safety cap or needle
shicld, detection of the presence or lack of presence of a patient’s skin, continucd monitoring
of the presence or lack of presence of a patient’s skin, needle injection, drug dose delivery,
and syringe and/or needle retraction. With the incorporation of an electronic skin sensor into
an automatic injector, presence of patient’s skin may be detected at various operational stages
of the auto injector. For example, upon the auto injector being powered on and prior to
initiation of a drug delivery process, the auto injector may be in a detection mode, and may
detect presence of skin, when the skin sensor is in contact with the patient’s skin. A skin
contact may be established when the detected electrode signal values of the skin sensor

exceed a skin sensing threshold value. Once the skin contact is established, the user may
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initiate the drug delivery process. Upon the initiation of the drug delivery, the auto injector
may configure the drive assembly (e.g., plunger and the needle) for the needle injection. The
auto injector may then switch from the detection mode to a monitoring mode. During the
monitoring mode, the auto injector may continuously determine whether there is any change
to the established skin contact while the drug is administered to the patient by monitoring
whether the detected signal values are within or outside a range of allowable electrode signal
values. If the skin contact is lost (i.e., when the detected signals falls outside the range or
below another skin sensing threshold value) the auto injector may notify the user, and
additionally reconfigure the drive assembly so that the needle is being retracted. Optionally,
the auto injector may also provide guidance related to the positioning of the auto injector with
respect to the injection site or patient’s skin. For example, if the auto injector detects tilting of
the device based on the electrode signals received by the skin sensor, the auto injector may
advise the user to reposition the device in certain directions so as to maintain the skin contact
with the auto injector device during the administering of the drug. It is contemplated that, the
guidance feature may be beneficial for older patients, who may not have the dexterity to
maintain the required positioning of the auto injector during the drug delivery process. As
such, positioning assistance provided by the auto injector may help the patient to deliver the
drug successfully.

[0041] Moreover, if there is a user initiated cancelation in the middle of the drug delivery
proccss, the auto injector may prompt the uscr to cxpend the remainder of the drug that is left
in the cartridge (e.g., in a waste basket), prior to removing the cartridge from the auto
injector. The drug may be expended with the cartridge in a retracted position such that the
needle is not exposed to the patient. When the drug is being expended, the auto injector may
further determine if the user is maintaining the skin contact with the auto injector. If the auto
injector determines that a skin contact is maintained after the cancellation of the delivery
process and while the remainder of the drug is being expended, the auto injector may stop the
delivery process by retracting the needle or terminating drug delivery. Therefore, it will be
appreciated that, during a drug delivery process, a skin contact needs to be established with

the auto injector in order to commence the drug delivery process and further maintain the
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skin contact during the drug delivery process. However, when a drug is being expended, the
skin contact with the auto injector needs to be avoided.

[0042] Therefore, by continuously monitoring the skin contact at various operation stages
and providing assistance to maintain the skin contact during a drug delivery process, the
incorporated skin sensors potentially reduce the potential for injuries such as needle stick
injuries and thereby improve the reliability and operation of the reusable automatic injector.
[0043] As used herein to describe the electronic skin sensors, drive mechanisms,
automatic injectors, cartridges, or any of the relative positions of the components of the
present invention, the terms “axial” or “axially” refer generally to a longitudinal axis “A”
around which the reusable automatic injector is preferably positioned although not

1 kNS bR INYS
3

necessarily symmetrically there-around. The terms “proximal,” “rear,” “rearward,” “back,” or
“backward” refer generally to an axial direction in the direction of the plunger rod or
transmission assembly. The terms “distal,” “front,” “frontward,” “depressed,” or “forward”
refer generally to an axial direction in the direction of the needle or rigid needle shield. The
term ““laterally” refers to a direction in a plane normal to a longitudinal axis “A.” The term
“radial” refers generally to a direction normal to axis A.

[0044] As used herein, the term “glass” should be understood to include other similarly
non-reactive materials suitable for use in a pharmaccutical grade application that would
normally require glass. The term “plastic” may include both thermoplastic and thermosetting
polymcrs. Thermoplastic polymers can be re-softenced to their original condition by heat;
thermosetting polymers cannot. As used herein, the term “plastic” refers primarily to
moldable thermoplastic polymers such as, for example, polyethylene and polypropylene, or
an acrylic resin, that also typically contain other ingredients such as curatives, fillers,
reinforcing agents, colorants, and/or plasticizers, etc., and that can be formed or molded
under heat and pressure. As used herein, the term “plastic” does not include either glass or
elastomers that are approved for use in applications where they are in direct contact with
therapeutic liquids that can interact with plastic or that can be degraded by substituents that

3% <

could otherwise enter the liquid from plastic. The term “elastomer,” “clastomeric” or

“elastomeric material” refers primarily to cross-linked thermosetting rubbery polymers that
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are more casily deformable than plastics but that are approved for use with pharmaceutical
grade fluids and are not readily susceptible to leaching or gas migration.

[0045] “Fluid” refers primarily to liquids, but can also include suspensions of solids
dispersed in liquids, and gasses dissolved in or otherwisc present together within liquids

27 6

inside the fluid-containing portions of cartridges. The terms “drug,” “medicine,” and
“medicament” are used to refer to any substance that is administered from a cartridge through
a needle or cannula, and is not limited to pharmaceutical substances, but may include, for
example, vitamins or minerals.

[0046] As used herein, the terms “automatic injector” and “auto injector” are meant to
refer to the same reusable devices, which may also be referred to by the acronym “RAI”.
[0047] Turning first to FIGS. 1 and 2, there is shown an automatic injector 50 according
to at least one embodiment of the invention. The automatic injector 50 includes a housing 52
adapted to receive and support a syringe or cartridge 54 for injection, as well as various
components of the injection system. A variety of cartridges 54 may be utilized in the reusable
automatic injector 50 of the present invention, including those having automatic retraction
features. For example, a safety syringe with integrated needle retraction may be used with the
reusable automatic injector 50. One example of such a cartridge 54 in the form of a safety
syringe is illustrated in FIG. 2, and includes a barrel 56, a needle (not shown), a rigid needle
shicld 60, and a plunger assembly 62 including a plunger scal 64, a plunger rod 66, and a
plunger head 68. In the illustrated embodiment, the barrel 56 of the cartridge 54 includes an
enlarged finger flange 70, such as is commonly used in standardized barrel 56 designs. The
cartridge 54 can be pre-filled with a drug or filled at-time-of-use by a user, that is, just prior
to placement within the reusable automatic injector 50. Alternate embodiments of cartridges
54 may include, by way of example only, cartridges 54 having a barrel 56 sealed by a plunger
seal 64, but having no plunger rod 66, plunger head 68, or plunger assembly 62.

[0048] The housing 52 may optionally be covered by a cartridge cover 72, which may
likewise be of any appropriate design. In order to allow the user to view the status of the
automatic injector 50, the cartridge cover 72 may be entirely or partially translucent or
transparent. Alternately, it may be entirely or partially opaque. The cartridge cover 72 of

FIGS. 1 and 2 includes a window 74 that is disposed substantially adjacent the barrel 56 of a
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supported cartridge 54, allowing the user to view the status of drug delivery. Optionally, the
window 74 or portion of the cartridge cover 72 adjacent the window may have dose
indication markings to allow the user to identify the drug dose volume contained in the
cartridge 54 prior to, during, and/or after drug delivery.

[0049] In the illustrated embodiment, the cartridge cover 72 is hinged to the housing 52,
although an alternate arrangement may be provided. For example, either the cartridge cover
72 or the housing 52 may include mating protrusions and the other of the cartridge cover 72
or the housing 52 may include detents for receiving the protrusions. Such protrusions and
detents may be provided alone, or in conjunction with a hinge arrangement, and may be
provided at any appropriate location between the housing 52 and the cartridge cover 72. In
one such embodiment, as shown in FIG. 3, a distal detent 76 with mating protrusion 78 may
be disposed at or substantially near the distal end of the automatic injector 50 to ensure that
the distal end of the cartridge cover 72 is held rigidly to the housing 52, and provide secure
closure along substantially the entire contacting surface between the cartridge cover 72 and
the housing 52. While the housing 52 and cartridge cover 72 may be formed as separate
components, the cartridge cover 72 and the housing 52 may alternatively be formed as a
single unit, coupled by a so-called living hinge (not illustrated).

[0050] The automatic injector 50 may further include a casing body 80, which provides a
smooth outer appearance to the housing 52. The casing body 80 may be formed as a scparate
structure from the housing 52 that presents an internal chamber that receives the housing 52,
or the housing 52 and the casing body 80 may be formed as a single unit. It will be
appreciated that, when the automatic injector 50 includes a cartridge cover 72, the cartridge
cover 72 may be coupled to the housing 52 by way of the casing body 80. That is, the
cartridge cover 72 may be coupled to the casing body 80, which receives the housing 52. As
with the housing 52 and the cartridge cover 72, the casing body 80 and the cartridge cover 72
may be formed separately, or as a single unit, connected, for example, by a living hinge (not
illustrated).

[0051] In the embodiment illustrated in FIGS. 1-4, the cartridge cover 72 is held in a
closed position over the housing 52 by a selectively actuable latch 86. In the illustrated

embodiment, the cartridge cover 72 includes a protrusion 88 that is received by a recess 90 in
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the housing 52. A latch release 92 may be slid to the side or depressed to allow the cartridge
cover 72 to be latched to or unlatched from the housing 52.

[0052] A cartridge sensor 645 (see FIGS. 2 and 6) positioned within the cartridge carrier
126 or housing 52 may optionally be utilized to sensc when a cartridge 54 has been placed
within the cartridge carrier 126 or housing 52 of reusable automatic injector 50. In the
illustrated embodiment, the cartridge sensor is disposed at the bottom of the housing 52,
although it may be alternately positioned. Placement of the cartridge 54 within the cartridge
carrier 126 such that the cartridge sensor senses the presence of the cartridge 54 may provide
an indication that permits the reusable automatic injector 50 to be activated.

[0053] The cartridge sensor 645 may be of any appropriate design. For example, the
cartridge sensor may be a mechanical sensor, such that placement of a cartridge 54 into the
cartridge carrier 126 causes the displacement of the mechanical sensor. Alternatively, or
additionally, the cartridge sensor 645 may be an electrical sensor and/or an electro-
mechanical sensor which may be suitably electrically coupled to a main processor system or
control unit 605 of the auto injector 50, as discussed below.

[0054] Further, actuation of the cartridge sensor, whether electrical or mechanical, may
be tied to operation of the automatic injector 50 such that actuation of the cartridge sensor,
for example, allows the cartridge cover 72 to closc and latch, or provides a signal to a
processor allowing actuation of the automatic injector 50. Upon activation, the motor 106
may causc the transmission assembly 110 to drive the drive screw 114 into the correct
position where the plunger interface feature of the plunger carrier 138 is in contact with, or
adjacent to, the proximal end of the plunger rod 66 of the cartridge 54. Alternatively, or
additionally, a cartridge cover sensor 615 (see FIG. 6) may be utilized to indicate the closing
or opening of the cartridge cover 72. Cartridge cover sensor 615 may be an electrical sensor
and/or an electro-mechanical sensor which may be suitably electrically coupled to a main
processor or control unit 605 of the auto injector 50, as discussed below.

[0055] In order to facilitate removal of the rigid needle shield 60, the automated injector
50 may include structure that engages the rigid needle shield 60 such that movements of the
cartridge 54 in the proximal direction results in removal of the rigid needle shield 60.

Optionally, a needle shield sensor 625 (see FIG. 6) may be utilized to indicate the removal of
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the needle shield. Needle shield sensor 625 may be an electrical sensor and/or an electro-
mechanical sensor which may be suitably electrically coupled to a main processor or control
unit 605 of the auto injector 50.

[0056] Depending on the desired injection parameters, the drug may be immediately
delivered upon injection of the needle or there may be a momentary delay between the two
stages. Such parameters may be programmed into the skin sensing system or another control
system of the auto injector, or separately initiated by the user, as may be desired for operation
of the reusable automatic injector 50. In one example, such delay parameters and/or timing
parameters may be programmed in the timer unit 630 of the skin sensing system 600.

[0057] The automatic injector 50 may further include a user interface 96 with features
such as a release actuator or an activation button 501 (see FIG. 5A) that may be depressed to
Initiate operation of the automatic injector 50 or selection of other operative features. Other
operative features may include, by way of example only, an identification of the adjustments
based upon the needle utilized in the cartridge 54, or volume of medicament carried in the
cartridge 54 and the volume to be dispensed, as will be explained in greater detail below. The
automatic injector 50 may further include one or more lights 98, speakers (not shown), or the
like, indicating the state of operation of the automatic injector 50.

[0058] The housing 52 may be of any appropriate design, and may be formed as a unitary
structure, or it may include a plurality of components. Referring to FIG. 4, the housing 52 is
an clongated frame 102 adapted to removably support a cartridge 54 along the upper surface
or along structure associated with the housing 52. The housing 52 may further support one or
more of the structures associated with the operation or usage of the automatic injector 50.
More specifically, in the embodiment illustrated in FIG. 4, the housing 52 additionally
supports a drive control mechanism 104 that controls movement of components of the
cartridge 54 within the housing 52. The drive control mechanism 104 may be operated by
motor 106 powered by an energy source 108. While the motor 106 and energy source 108 are
illustrated as being supported on the housing 52, they could alternately be otherwise
supported, for example, within a casing body 80. The energy source 108 may be in a number

of different configurations and a variety of sources including, for example, disposable
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batteries, or rechargeable and reusable batteries. A transmission assembly 110 couples the
rotary motion of the motor 106 to the drive control mechanism 104.

[0059] As discussed below, an electrical drive unit 610 (see FIG. 6) may be electrically
coupled to the motor 106 and/or to the drive control mechanism 104 to control the movement
of various components of the auto injector 50. Additionally, an energy source or a battery
sensor 620 (see FIG. 6) may be utilized to indicate operation capability (e.g., charge
remaining of the battery) of the energy source 108. The drive control mechanism 104
described and illustrated herein is for example purposes and may be of any configuration
suitable for the application, for example see International PCT App. No.
PCT/US2013/049314.

[0060] As shown in FIG. 5A, in some embodiments, auto injector 50 may include a
display unit 635. The display unit may be a liquid crystal display (LCD) thin film transistor
(TFT). Display unit 635 may be configured to display texts and/or graphics to provide visual
information (e.g., notification) to the user. A user may also provide response to the
notification by providing input to the auto injector (e.g., via activation button 501). In some
implementation, the user may interact with the auto injector 50 by providing inputs via user
touches and/or via a stylus using the display unit 635. In such implementations, the display
unit 635 may further include capacitive or a resistive overlay. The inputs reccived by the
display unit 635 may be processed by the auto injector control system to cxecute operations
of the auto injcctor 50.

[0061] Auto injector 50 may further include activation button 501 that may be depressed
to initiate operation of the automatic injector 50 or selection of other operative features. It is
contemplated that, in some examples, a user may provide operational inputs to the auto
injector via voice commands. In such examples, the control system may include a
microphone (not shown) to process the voice commands of the user.

[0062] FIGS. 5B-5C illustrate zoom-in views of the distal face 210 of the auto-injector
50. Auto injector 50, for example, may include one or more skin sensors 665 that may be
utilized to detect or sense contact or close proximity between distal face 210 of auto injector
50 and the patient’s skin prior to activation of the automatic injector (i.c., prior to a drug

delivery sequence) and/or during the drug delivery sequence. One or more electrodes of the
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skin sensor 665 may be positioned at the distal face 210 of the reusable automatic injector 50.
As shown in FIG. 5C, in on¢ example, the auto injector may include a pair electrodes 705 and
710 positioned on the distal face 210.

[0063] As such, upon contact of distal face 210 with a portion of a patient’s skin, skin
sensor 665 may transmit a signal to a main control unit to indicate that the automatic injector
is in position for needle insertion. The status of this signal may be used to enable and/or
disable activation of the drive control mechanisms to commence insertion and/or injection
upon activation by the user. The status of the signal may also be used to issue visual or
audible feedback to the user to indicate to the user whether the automatic injector is in a state
that allows for activation of the device. If skin contact at distal face 210 is not detected the
main control unit may disable the drive mechanism (via the drive unit) so that the auto
injector does not operate upon user activation. Alternatively, or additionally, the skin sensor
665 may be coupled to a mechanical interlock that prevents needle insertion and/or drug
administration from the cartridge 54 unless the skin sensor 665 senses contact with the
patient’s skin at distal face 210. Alternatively, or in addition, skin sensor 665 may be used to
detect the presence or lack of presence of skin throughout the insertion and injection
processes (e.g., during the drug delivery process). If, during these processes, skin sensor 665
detects that distal face 210 has lost contact or is not substantially proximate with the patient’s
skin, the change in signal transmitted by skin sensor 665 to the main control unit, may cause
the control system of the auto injector to stop the current operation. Additionally, or
alternatively, if skin sensor 665 senses that the patient’s skin is no longer in contact with
distal face 210 after needle insertion has begun or has been concluded, a signal either directly
from skin sensor 665 or from the main control unit, may cause the drive system to retract the
needle. This provides desirable safety features which have certain benefits, including
reducing the risk of needle-stick injuries. The change in status of skin sensor 665 may also
cause a warning such as an audible or visual alert to be issued. For example, there may be an
LED indicator light that shows green (or any alternative color) when the skin sensor senses
contact with the patient’s skin. This light may change colors or cease illuminating if skin
contact is lost. Lights 100 may be used to indicate if the skin sensor does or does not sense

skin contact.
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[0064] In another implementation, a status notification may be displayed on a display unit
635 of the auto injector upon a skin contact. For example, the status notification may provide
information related to the sensing of the skin portion of the patient’s skin.

[0065] In some embodiments, a skin sensing system 600 is a control system that may
include one or more skin sensors of the same type or a combination of different types of skin
sensors. The skin sensing system may be configured for a drug delivery device, and may or
may not include one or more additional control systems.

[0066] In some embodiments, the skin sensing system may include one or more skin
sensors such as skin sensor 665 and a mechanical sensor 503. The mechanical sensor 503
may be a protrusion, which may depress upon being in contact with the skin of the user. The
depression may in turn indicate (e.g., to the main control unit 605 or to the drive unit 610)
that skin contact has been established. The mechanical sensor may be used as a redundant
sensor to verify the signal transmitted by the capacitive sensor. Alternatively, the mechanical
sensor may be used in the case of a malfunction of the capacitive sensor 665.

[0067] The reusable automatic injector 50 may include one or more control systems (e.g.,
skin sensing system 600), which may be used to control the timing and parameters of
operation of the automatic injector 50. In one example, the auto injector control system may
include an auto injector control unit or the main control unit that may be coupled to other
control units of the various sensors. As such, operation of the control system of the auto
injector may be based upon feedback from one or more sensors, such as skin sensor 665 (as
shown in FIG. 5B), or input received from the user by way of the user interface 96 or
activation button 501, or display unit 635. For example, the automatic injector 50 may
include features that are associated with the closure of the cartridge cover 72 to the housing
52, or the position of the latch release 92. In order to minimize the opportunity for inadvertent
actuation of the automatic injector 50, a cartridge cover sensor 615 may be utilized to signal
whether the cartridge cover 72 is open or closed, allowing the control system to prevent
actuation if the cartridge cover 72 is not closed. Similarly, the control system may prevent
opening of the cartridge cover 72, that is, movement of the latch release 92, unless the

internal components are in one or more particular positions.
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[0068] Details are now provided of an exemplary auto injector control system of the auto
injector with reference to FI1G. 6.

[0069] FIG. 6 illustrates a skin sensing system 600 that may be included in the auto
injector 50. The skin sensing system 600 may include onc or more control units that are
clectronically connected to various sensors, timers and storage units of the auto injector 50.
[0070] In some implementations, skin sensing system 600 may include a main control
unit 605. The main control unit 605 may include one or more controllers, microprocessors, or
application specific integrated circuits (ASICs). Main control unit 605 may be implemented
as hardware or a combination of hardware and software that may be programmed with
instructions. The main control unit 605 may be configured to communicate, for example, by
receiving and/or sending signal or data to and from the drive unit 610, cartridge cover sensor
615, energy source sensor 620, needle shield sensor 625, timer unit 630, display unit 635,
storage unit 640, cartridge sensor 645, skin sensor 665 and/or RFID sensor 690. The main
control unit 605 may process and interpret the data collected or monitored in order to
determine and execute various functions and operations of the auto injector 50.

[0071] The main control unit 605 may be configured to receive feedback from the
individual sensors, such as skin sensor 665, and to cause certain activity of the motor 106 and
transmission assembly 110 based on varying feedback from one or more sensors via the drive
unit 610. In at lecast one embodiment, the main control unit 605 is located at the proximal end
of the automatic injector 50 adjacent the transmission assembly 110 and the user interface 96.
[0072] According to some embodiments of the invention, the main control unit 605 of
some embodiments may be programmed to control the dose of medication administered. For
example, when a cartridge 54 includes a larger volume than required for administration, the
user may be directed to dispense the unneeded volume prior to placement on the target tissue.
For example, the main control unit 605 via the display unit 635 may prompt the user with a
notification to expend the unneeded volume. In response, the user may press the activation
button 501 a predetermined number of times to dispense the unneeded volume prior to
administration, for example, so long as the skin sensor 665 does not detect skin contact (i.e.,
as long as the main control unit 605 does not receive any signal from the skin sensor 665).

Accordingly, the automatic injector 50 may be configured to expend or waste a portion of the
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drug dosage to the environment, prior to needle injection and drug dose delivery into a user,
in order to reduce or adjust drug volume. While dispensing excess volume, the skin sensor
may be in a detection or a monitoring mode to ensure that the auto injector is not held against
the patient’s skin. The automatic injector 50 may then be placed against the target tissue,
causing the skin sensor 665 to detect the presence of the patient’s skin and to issue a signal
(to main control unit 605) to allow for dose administration.

[0073] It is contemplated that, in some implementations, the skin sensing system 600 may
optionally include a radio frequency identity (RFID) sensor 690 which may be suitably
positioned in close proximity to the cartridge carrier and may be coupled to the main control
unit 605. In one example, a drug tag may be disposed or imprinted on the cartridge. The tag
may be, but not limited to, a bar code, a QR code or a radio frequency identity (RFID) tag.
Information related to the drug may be encrypted/encoded in the drug tag. In one example,
when the cartridge is placed in the auto injector, the main control unit may cause the RFID
sensor to scan the drug tag and access drug information of the drug contained in the cartridge.
The drug information may include, but not limited to, drug volume, drug viscosity, drug
operating temperature, expiration date, lot date, lot number, serial number, etc. of the drug or
the drug cartridge.

[0074] The main control unit may decrypt or decode the drug information and process the
drug information to actuate various operations related to the drug delivery. For example,
bascd on the accessed drug information, the main control unit may determinc the cxact drug
volume that needs to be administered and may provide instruction to the user if the drug
volume needs to be adjusted prior to the administration of the drug or prior to skin sensing.
[0075] In some embodiments, drive unit 610 includes electrical circuitry and is
electrically coupled to the drive control mechanism 104 which may be operated by motor 106
upon receiving instructions from the main control unit 610. Additionally, drive unit 610 may
send signals to the main control unit 605 based on feedback received from the drive control
mechanism 104, as discussed above.

[0076] In one embodiment, the main control unit 605 may be programmed to insert the

needle, administer the programmed volume of medication, and then move the cartridge in the
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proximal direction to retract the needle from the target tissue by sending command signals to
the drive unit 610.

[0077] According to an aspect of embodiments of the invention, the main control unit 605
of the automatic injector 50 may be configured to command or control predictable movement
of a loaded cartridge 54 by sending command signal to the drive unit 610 and optionally
receiving response signal from the drive unit 610. In some embodiments, the main control
unit 605 may be configured to control repeatable movement, such that the automatic injector
50 may be utilized repeatedly with a plurality of cartridges 54. In those embodiments, in
order to inject a patient, the automatic injector 50 may proceed through a plurality of stages
that include movement of the needle into a skin surface, or target tissue or skin portion 735,
and administration of an injection by movement of the plunger seal 64.

[0078] The automatic injector 50 may also include a cover release safety mechanism that
prevents the cartridge cover from opening during certain stages of operation. According to at
least one embodiment of the present invention, a cartridge cover release safety mechanism
may be operated by the main control unit 605 by commanding the drive unit 610 as it
progresses through the stages of: syringe cartridge loading, removal of rigid needle shield,
needle injection, drug dose delivery, and needle and/or cartridge retraction. In other words,
the main control unit 605 permits opening of the cartridge cover only when the needle is not
exposed to the user, i.¢., during initial loading of the cartridge when the protective needle
shield is in place and/or after drug delivery and optional retraction or shiclding of the needle.
The main control unit 605 prevents opening of the cartridge cover during other stages of
operation, i.e., when the needle is exposed for drug delivery. In this way, the cover release
safety mechanism operates to inhibit the user’s inadvertent exposure to the needle to reduce
or eliminate accidental needle stick injuries to the user, providing a highly desirable safety
feature. Particularly, to ensure cover safety mechanism, in some embodiments, the main
control unit 605 communicates with cartridge cover sensor 615, as discussed below.

[0079] Cartridge cover sensor 615 may be an electrical sensor that is configured to
communicate with the main control unit 605. For example, the main control unit 605 may
determine whether the cartridge cover 72 is closed or open based on an operational status

signal (e.g., ON/OFF) received from the cartridge cover sensor 615. Based on the
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determination, the main control unit 605, for example, may initiate or stop operations of the
drive mechanism 104 via the drive unit 610. In one implementation, cartridge cover 72 may
be a part of the drive control mechanism. As such, the cartridge cover sensor 615 may send or
receive signals from the main control unit via the drive unit 610. Cartridge cover sensor 615
may or may not be included in the skin sensing system 600.

[0080] Energy source sensor 620 may be an electrical sensor that may communicate with
the main control unit 605 to indicate charging capacity of the energy source 108 (e.g., how
much charge is left in the battery). In one example, that main control unit 605 may receive a
command signal from the user interface 96 or activation button 501 that indicates initiation of
an operation of the auto injector 50, such as a drug delivery process. Upon receiving the
command signal, the main control unit 605 may verify whether the energy source 108 has
enough charge to complete a full drug delivery process. The main control unit 605 may
consult the energy source sensor 620, or a control unit of the energy source 108 (not shown)
to determine the charge capacity of the energy source 108. Alternatively, or additionally the
main control unit 605 may consult the storage unit 640 that may store records of charge
capacity information of the energy source 108 from previous drug delivery processes. Based
on the determination, the main control unit 605 may provide notifications via the display unit
635 whether to continue the current drug delivery process or charge the energy source prior
to initiation of the current drug delivery process or sequence. Battery sensor or energy source
sensor 620 may or may not be included in the skin sensing system 600.

[0081] The needle shield remover may be a part of the drive control mechanism, and may
include structure to engage the rigid needle shield 60 such that movements of the cartridge 54
in the proximal direction results in removal of the rigid needle shield 60. This may cause the
drive unit 610 to send signals to the main control unit indicating a removal of the needle
shield. Based on the determination, the main control unit 605, for example, may initiate or
stop operations of the drive mechanism 104 via the drive unit 610, during or prior to a drug
delivery process. Optionally, needle shield sensor 625 may be an electrical sensor that is
configured to communicate with the main control unit 605. For example, the main control
unit 605 may determine whether the needle shield 60 is removed or in position on the syringe

needle based on an operational status signal (e.g., ON/OFF) received from the needle shield
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sensor 625. Needle shield sensor 625 may or may not be included in the skin sensing system
600.

[0082] Timer unit 630 may be a digital clock that may be programmed, for example, to
sct up time periods for various opcrations of the auto injector 50. For example, the timer unit
630 may be configured to indicate, to the main control unit 605, a time-out period for an
operation (¢.g., delay period during skin sensing, wait time after cartridge placement, etc.) or
a delay period between operations (e.g., a time delay between the closing of the cartridge
cover 72 and the skin sensing). In some embodiments, timer unit 630 may directly
communicate with the control units of various sensors. In some implementations, the timer
unit 630 may be included in the main control unit 605.

[0083] In some embodiments, display unit 635 may be LCD TFT. Display unit 635 may
be electrically coupled to the main control unit 605 and may receive instructions (from the
main control unit 605) to display texts and/or graphics to provide visual information (e.g.,
notification) to the user. A user may provide response to the notification by providing input to
the auto injector (e.g., via activation button 501 and/or by interaction with display unit 635).
[0084] The display unit 635 may prompt the user to provide input for carrying out certain
operations of the auto injector 50 via the display unit 635. In that example, the display unit
635 may include a graphical uscr interface and/or a touch screen interface that may be
configured to receive input or instructions from the user. For example, the display unit 635
may provide menu options, so that the user may choose and modify various scttings of the
auto injector 50. Additionally, the menu options may be categorized in multiple screens, such
as a home screen and a settings screen. Home screen may display options related to a current
cartridge operations (e.g., verification of insertion of the cartridge in the carrier 126 and
verification whether the cartridge cover is closed). Settings screen, on the other hand, may
provide menu options related to language settings of the auto injector 50.

[0085] In some embodiments, the user may interact with the auto injector 50 by
providing inputs via user touches and/or via a stylus. In such embodiments, the display unit
may further include capacitive or a resistive overlay. The inputs received by the display unit
635 may be processed by the main control unit 605 to execute operations of the auto injector

50. Display unit 635 may or may not be included in the skin sensing system 600.
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[0086] Skin sensing system 600 may include storage unit 640. Storage unit 640 may
include one or more storage units, such as a random access memory (RAM) or other dynamic
storage device, and/or a read only memory (ROM), and/or an electrically erasable
programmable rcad only memory (EEPROM) for storing temporary parameters information
and instructions for the main control unit 605. In some implementation, the storage unit may
be implemented as a non-transitory computer readable medium which stores instructions that
may be processed and executed by the control unit to control operations of the control system
of the auto injector. Additionally, storage unit 640 may store error codes or error notification
for various operations associated with the sensors and control unit of the auto injector 50. The
error codes may be pre-programmed into the storage unit 640, for example by an
administrator of the auto injector 50. In one example, main control unit 605 may retrieve the
appropriate error codes, based on an error signal received from a sensor, and may further
indicate an error notification to the user (e.g., via the display unit 635) related to the sensor.
[0087] In some embodiments, cartridge sensor 645 may be electrically coupled to the
main control unit 605. As discussed above, placement of the cartridge 54 within the cartridge
carrier 126 may cause the cartridge sensor to send a signal to the main control unit indicating
the presence of the cartridge 54. Based on the received signal, the main control unit 605, for
cxample, may activate certain operations of the auto injector 50. Cartridge sensor 645 may or
may not be included in the skin sensing system 600 or another control system.

[0088] In somc cxemplary cmbodiments, auto injector 50 includes skin sensor 665. Skin
sensor 665 may be, for example, a capacitive sensor, an inductive proximity sensor, an
infrared sensor, an optical sensor or a thermal sensor. The skin sensor 665 may be electrically
coupled to the main control unit 605. The main control unit 605 may interpret the signal
generated by the skin sensor 665 and prevent and/or initiate one or more actions based on the
signal received from the skin sensor 665. For example, the main control unit 605 may
determine that a skin surface or skin portion of the user is in contact with the skin sensor
electrodes, upon receiving a signal (e.g., a resultant signal) from the skin sensor 665. In
another example, the main control unit 605 may determine that the skin portion of the user is

not in contact with the electrodes, upon not receiving any signal, or upon receiving a different
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resultant signal from the skin sensor 665 that indicates a non- contact status with the skin of
the user. Skin sensor 665 may or may not be included in the skin sensing system 600.

[0089] In one embodiment, the sensor 665 is a capacitive sensor which may be in the
form of a mutual capacitance and/or a sclf-capacitance. The skin sensor may use charge
transfer technology, surface capacitance, or projected capacitance. Skin sensor 665 may
include a pair of electrodes located on the inside of the distal end face of the automatic
injector 50 (see FIG. 5C). The electrodes may be affixed to the housing 52, the casing body
80, or the cartridge cover 72. The electrodes may be held in place through any means such as
adhesives, glues, solders, screws, etc. The electrodes may be electrically coupled to the
respective control units of the skin sensor.

[0090] It is noted that, the subject invention is described in terms of an auto injector that
includes a skin sensor with a pair of electrodes that are configured for skin sensing
functionalities. It is contemplated, however, that an auto injector may include a skin sensor
with a single electrode, or multiple skin sensors that include respective single electrode, or a
skin sensor that includes plurality of electrodes, or multiple skin sensors that include
respective multiple electrodes, that may be suitably configured to achieve similar skin
sensing functionalities.

[0091] Details of the skin sensor 665 arc now provided with reference to FIG. 7A. As
mentioned above, in one exemplary embodiment, the skin sensor 665 may be a capacitive
proximity sensor that includes electrode-A 705 and electrode-B 710. Skin sensor 665 further
includes skin sensor control unit-A 715, skin sensor control unit-B 720, skin sensor storage
unit-A 725 and skin sensor storage unit-B 730. Skin control units 715 and 720 are clectrically
coupled to the electrodes 705 and 710, respectively. Skin control units 715 and 720 are also
electrically coupled to the skin sensor storage unit-A 725 and skin sensor storage unit-B 730,
respectively.

[0092] Electrode-A 705 and electrode-B 710 may be, for example, made of copper plates
or any other material that is suitable for capacitive sensing.

[0093] Skin sensor control unit-A 715 and skin sensor control unit-B 720 may be
microcontrollers, microprocessors, or application specific integrated circuits (ASICs) that

may be implemented as hardware or a combination of hardware and software. The control
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units 715 and 720 may be configured to receive signals or data from the electrodes 705 and
710, respectively, when the skin portion 735 is substantially proximate or in contact with the
electrodes 705 and 710 (not shown). In some implementations, control units 715 and 720 may
directly communicate with the main control unit 605.

[0094] Storage units 725 and 730 may include dynamic storage device, static storage
device, and/or electrically erasable programmable read only memory device for storing
temporary parameters, dynamic or static information and instructions for the skin control
units 715 and 720. The control units 715 and 720 may also be configured to communicate
with the storage units 725 and 735, respectively. In one example, the storage units 725 and
735 may be included in the control units 715 and 720, respectively. In some embodiments,
the storage units may be configured to store a threshold value and fluctuation window values
for the threshold values related to skin sensing. These values may be determined based on
user studies for skin sensing, and the values may be programmed by an administrator into the
auto injector (e.g., in the storage units 725 and 735) during a setup process or a
manufacturing process of the auto injector 50. Discussion of threshold values are provided
with reference to FIG. 7B.

[0095] In FIG. 7B, graph 780 illustrates the relationship between the electrode signal
valucs and time during a skin sensing process. Electrode signal values may be recorded when
the clectrodes 705 and 710 sense signals when in contact with an object (¢.g., skin) over a
time period. The sensed signals may be normalized and converted into digital values (i.c., the
electrode signal values). In one example, the electrode signal values may be normalized
capacitance values. Moreover, point Y’ indicates a threshold value for skin sensing, and the
fluctuation window Y’-Y” indicates a range of electrode signal values that are acceptable for
skin sensing (e.g., after a skin contact has been established). In this configuration, the
threshold value Y’ is a discrete numerical value. The range of values may be calculated as a
percentage of the threshold value Y’. As such, Y’ may indicate the upper limit of the
fluctuation window (e.g., an absolute threshold value) and Y” may indicate the lower limit of
the fluctuation window (e.g., a percentage of the threshold value). Alternatively, the threshold
value Y’ may itself be measured as a first percentage of some maximum measurable value.

The range of values may then be calculated as percentages of the threshold value of Y’
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measured as the first percentage. As such, Y’ may indicate the upper percentage limit of the
fluctuation window (e.g., a first percentage of some maximum measurable value) and Y may
indicate the lower percentage limit of the fluctuation window (e.g., another percentage of the
maximum measurable value or a percentage of the first percentage Y7).

[0096] In one example, skin sensor 665 may determine that the skin portion 735 is
substantially proximate or in contact with the electrodes when the electrode signal values,
received from each of the electrodes exceeds the threshold value Y’ (e.g., at a time period t1-
t2). The skin sensor 665 may then send a signal to the main control unit 605 to indicate that a
contact has been established between the skin portion 735 and the electrodes. Once the
determination has been made or the skin sensing has been established, the skin sensor 665
may continue to indicate that the electrodes are in contact with the skin portion, as long as the
detected electrode signal values, from each of the electrodes 705 and 710, is within and/or
above the fluctuation window Y’-Y”. However, if one of the detected electrode signal values
(e.g., the electrode signal value from electrode 705) falls below the point Y while the other
detected electrode signal value (e.g., the electrode signal value from electrode 710) is within
the fluctuation window or above the threshold value, the skin sensor may determine that the
contact with the skin portion 735 is lost (i.e., skin portion 735 is not substantially proximate
to the clectrodes). In some implementations, the skin sensor may determine that the contact
with the skin portion is lost when both the signal values fall below Y.

[0097] It is noted that, the fluctuation window Y’-Y”” accounts for permissible minor
movements of the auto injector 50, while it is being held against the injection site, after the
auto injector 50 has already cleared the threshold and established contact with the skin
portion.

[0098] In some implementations, a user may optionally calibrate electrode signal values
to set a new reference value for skin sensing. The calibration process may be performed
during a setup process. In one example, the auto injector 50 may provide a setup screen on
the display unit and further provide an option to calibrate the auto injector 50. Once the user
chooses the option to calibrate, the auto injector may initiate a calibration mode.

[0099] The calibration may be implemented, so that the skin sensing performed by the

auto injector is user-specific and accommodates user specific conditions. For example, a user
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may have unusual perspiring skin condition and would like to calibrate the auto injector so
that it accommodates the sensing of moisturized skin. As such, during the calibration process,
the user may first place the auto injector 50 against a dry skin portion and note that the auto
injector 50 is sensing skin portion based on a predetermined threshold value (that was
originally programmed in the storage unit of the skin sensor). Following that, the user may
place the auto injector 50 against the user’s moisturized skin and set or store the detected
electrode signal values (detected by the electrodes) as the new baseline value for skin
sensing. The user may store the new baseline value by overriding the previously stored
threshold value. Alternatively, the user may store the new baseline value in addition to the
previously stored threshold value. In such a case, the user may indicate that the new baseline
value is the threshold value for moisturized skin and specific to the user.

[00100] Moreover, the calibration process may be repeated a few times so that an average
of the detected electrode signal values may be set as the baseline/threshold value. Thus, the
calibrated threshold value may take into account of the characteristics of the user’s skin.
Similarly, the user may further calibrate the auto injector 50 for different types of skin, so that
the auto injector 50 can differentiate between the skins of an older person and a child.
[00101] It is further contemplated that, in some implementations, both of the storage units
725 and 730 may store different threshold values corresponding to various materials such as,
woods, metal and clothes. The auto injector may prevent the user from calibrating the auto
injector to skin sensor values near those of these materials. This may reduce the likelihood of
inadvertent activation of the device.

[00102] It is contemplated that the skin sensor 665 and/or the skin sensing system 600 of
the present invention may be used with wearable automatic injectors as described in
PCT/US2012/53174, PCT/US2013/057259, US 8,939,935, PCT/US2012/054861 and
PCT/US2013/057327.

[00103] Referring now to FIGS. 7C and 8§, the process flows depicted are merely
embodiments of the invention and are not intended to limit the scope of the invention. For
example, the steps recited in any of the method or process descriptions may be executed in
any order and are not limited to the order presented. Furthermore, it will be appreciated that

the following description makes appropriate references not only to the steps depicted in
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FIGS. 7C-8, but also to the various system components as described above with references to
FIGS. 1-7B.

[00104] Details of the operation of the skin sensor 665 are now provided with references to
FIGS. 7A-7C. FIG. 7C is an exemplary flow chart/block diagram 790 that illustrates
detection of skin of a user at various operational stages of the auto injector 50. For example,
step 701 includes operations of the skin sensor 665, during the detection mode which is prior
to an initiation of a drug dosage sequence, and while the user holds the auto injector 50
against the injection site. The detection mode is associated with the initial detection and
establishment of the skin contact. Step 703 includes operations of the skin sensor 665 during
the monitoring mode which is after the initiation of the drug delivery or sequence (e.g., after
the user has initiated the drug delivery).

[00105] In one implementation, skin control units 715 and 720 are configured to measure
or detect changes in capacitance that may arise with relation to electrodes 705 and 710,
respectively when the skin portion 735 is in contact or substantially proximate to the
electrodes 705 and 710 (e.g., at the distal face 210 of the auto injector). For example,
electrodes 705 and 710 may be excited or charged (e.g., once the auto injector is initialized
with power) and the change in the instant sensed signals or capacitance values of the
clectrodes 705 and 710, due to the contact with the skin portion 735 (which may or may not
be grounded), may be recorded or transferred to the storage units 725 and 730 of the skin
sensor 665. In one example, the recorded values may be the clectrode signal values, as
described above.

[00106] During the detection stage, the control units 715 and 720 may compare the instant
electrode signal values (detected by the respective electrodes 705 and 710) with stored
threshold value Y’ (previously stored in the storage units 725 and 730) to determine whether
the instant electrode signal values have exceeded the threshold values. When the detected
instant electrode signal values from both the respective electrodes 705 and 710 exceed the
threshold value Y’ (see FIG. 7B), the skin sensor 665 determines that a skin contact has been
established (box 791). In one example, the determination may be based on digital logic
implemented by the skin sensor 665 (¢.g., AND digital logic). Once the skin contact has been

detected and established, the skin sensor 665 may send a signal to the main control unit 605,
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which in turn, may further instruct the display unit 635 to display a notification. For example,
the notification may prompt the user to press the activation button to initiate a dosing
sequence. It will be appreciated that, detection of the skin sensing may occur when the user
holds the auto injector 50 perpendicularly on bare skin portion of the user (not shown).
[00107] In another example, the control units 715 and 720 may compare the instant
clectrode signal values (detected by the respective electrodes 705 and 710) with the stored
threshold value Y’ (previously stored in the storage units 725 and 730) and determine that at
least one and/or both the instant electrode signal values are below the threshold value Y’. As
such, the skin sensor 665 may then determine that skin portion of the user has not been
detected. The skin sensor 665 may or may not send a signal to the main control to indicate
there is no change in the detection or the skin has not been detected (box 793). It is noted
that, a lack of detection of skin may arise due to substantial tilting of the auto injector 50.
Additionally, skin sensor 665 may not detect the skin when the skin portion is partially or
fully covered with objects, such as clothes.

[00108] Once the skin contact is established, and the dose sequence has been initiated
(e.g., upon the activation button 501 being pressed), the auto injector device proceeds to the
drug delivery phase (step 703) and switches from the detection mode to the monitoring mode.
The skin sensor 665 may then continue to monitor the detection of the skin portion.

[00109] During the monitoring state, at step 703, the control units 715 and 720 may
compare the instant clectrode signal values (dctected by the respective clectrodes 705 and
710) with the fluctuation window Y’-Y’’ values to determine whether cach of the instant
electrode signal values are within the range of the fluctuation window values, and/or above
the fluctuation window values. When the detected instant electrode signal values from both
the respective electrodes 705 and 710 are within and/or above the fluctuation window Y’-Y"’
(see FIG. 7B), the skin sensor 665 determines that the skin contact, that was established
earlier in the initialization or the detection stage, is being maintained (box 797). In other
words, skin sensor 665 may determine that the skin portion is in contact with the electrodes
when the electrode signal values are at least above the lower limit Y (of the fluctuation
window) during the delivery of the dosage. In one example, the determination may be based

on an AND digital logic implemented by the skin sensor 665. The skin sensor 665 may or
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may not send a signal to the main control unit 603, to indicate that the skin contact is being
maintained.

[00110] In another example, the control units 715 and 720 may compare the instant
clectrode signal valucs (detected by the respective electrodes 705 and 710) with the
fluctuation window values and determine that at least one and/or both the instant electrode
signal values are below the fluctuation window values. As such, the skin sensor 665 may then
determine that skin contact is lost. In other words, skin sensor 665 may determine that the
skin portion of the user is not in contact with at least one and/ or both the electrodes, when
one and/or both of the electrode signal values are below the lower limit Y (of the fluctuation
window) during the delivery of the dosage. The skin sensor 665 may send a signal to the
main control unit 605 to indicate that the skin contact has been lost (box 799). Upon
receiving the signal, the main control unit 605 may instruct the display unit 635 to display an
error message indicating the loss of skin contact. Additionally, the main control unit 605 may
instruct the drive unit 610 to stop any operation related to the drug dosage delivery.

[00111] It is noted that, the two electrodes (705 and 710, as shown in FIG. 5C) are
disposed parallel to each other, so that the auto injector 50 would preferably be held
perpendicularly against the skin portion 735 (or injection site), to ensure that only a full
contact with the skin would trigger the skin sensor (¢.g., when both the electrodes exceed the
threshold values during the detection mode of the auto injector).

[00112] Additionally, in some implementations, during the monitoring mode, the auto
injector may optionally be configured to provide guidance or assistance in relation to the
positioning of the auto injector with respect the injection site. In such implementations, it is
contemplated that the electrodes may be physically labelled on the distal face 210, for
example, electrode-A as “1” and electrode-B as, “2”. Moreover, an alert zone may be
programmed in the auto injector and associated with the positioning guidance. As such, when
a detected electrode signal value is within the alert zone values, an alert may be triggered. In
one example, an alert zone may be programmed as 2% of the lower limit Y of the

fluctuation window.
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[00113] Moreover, the auto injector may provide visual or textual notification guidance
associated with the positioning or alignment of the auto injector 50 with respect to the
injection site when an alert is triggered.

[00114] For cxample, during a monitoring stage of the skin contact, if the signal strength
of one of the detected clectrode signal values gets closer to the lower limit Y”, that is, the
detected electrode signal value lies within the alert zone, the main control unit 605 may
provide an alert notification via the display unit 605 or by an audible tone. In one example,
the alert notification may notify the user that the auto injector is close to losing contact with
the skin.

[00115] For example, during a monitoring stage, a user may substantially tilt (e.g., by
mistake) the auto injector 50 with respect to the patient’s skin (e.g., towards the electrode-B,
labelled “2”). As such the electrode-A 703, labelled 1, may start to lose contact with the skin
portion. In other words, based on the tilting, the detected electrode signal value from the
electrode 705 may fall within the alert zone.

[00116] As discussed above, scenarios where the auto injector 50 is substantially tilted
may be common with older patients who may lack the dexterity to maintain the correct
positioning of the auto injector during a drug delivery process. Hence, any positioning
assistance provided to these patients (by the auto injector), may help these patients to
successfully administer the drug.

[00117] In one example, the main control unit 605 upon determining that the electrode 705
signal value 1s within the alert zone, may cause the display unit to display an alert text
notifying the user of the tilt. Additionally, the main control unit upon detecting the tilt (based
on the signal strength values from the electrodes), may provide guidance by prompting the
user to tilt back the auto injector device towards electrode-A (i.e., towards label “1”). In
another example, when the electrode signal of electrode-B 710 is within the alert zone, the
auto-injector may provide guidance to the user by prompting the user to tilt back the auto
injector device towards electrode-B that is labelled *“2”. Once the signals from the electrodes
arc above the alert zone (i.¢., the signals from the electrode 705 and 710 are not within 2% of
Y™), the auto injector 50 may further notify the user that the auto injector has been

appropriately re-positioned. It is noted that, the error notification and the guidance
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information may be suitably stored in the auto injector storage unit, and the control unit 605
may access the error notification and the guidance information appropriately.

[00118] Additionally, or alternatively, guidance may be provided via the speakers (not
shown) of the auto injector. For example, in addition to the text guidance displayed in the
display unit 635, a beeping tone may be used to alert or guide the user. For example, a
frequency of the beeping tone may gradually increase as the auto injector 50 tilts in one
direction, to alert the user. Once the auto injector 50 is re-positioned, the frequency of the
beeping tone may decrease indicating that the auto injector 50 has been re-positioned.
[00119] As discussed above, during establishing a skin contact with the skin portion of the
user (during the detection mode), the auto injector 50 may preferably be positioned
perpendicular to the injection site. This may allow the detected electrode signal values to
exceed the threshold value Y, and the control unit 605, upon determining that the skin
contact has been established may cause the display unit to display a notification to the user
indicating the skin contact has been established. The notification may be provided in text
format. Alternatively, or additionally an audible notification may be provided via the
speakers.

[00120] FIG. 8 is a flow chart of an exemplary method 800 for delivering drug to a user or
to a patient with the auto injector 50. During the drug delivery process, the main control unit
605 of the auto injector 50 may verify proper operations of the various components and may
provide appropriate notifications to assist the user to perform the drug delivery process. For
example, the main control 605 may provide error notification, when the main control unit
detects malfunction or issue with an operation of one of the components. The error
notifications may be in the form of a displayed message, an audio message (e.g., beeping
sounds) or a tactile notification. The main control unit 605 may then, provide further
instructional messages to the user to rectify the issues of the components.

[00121] At step 801, the auto injector 50 may be initialized when a user presses the
activation button 501. In one example, the main control unit 605 may power up the auto
injector 50 during the initialization of the auto injector 50.

[00122] At step 803, upon receiving the activation signal, the main control unit 605 may

instruct the display unit 635 to display a welcome message.
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[00123] At step 805, the main control unit 605 may optionally communicate with various
sensors and control units of the auto injector 50 to verify the operational status of the sensors
and control units. For example, if the main control unit 605 determines that one or more
sensors are not fully operational, the main control unit 605 may provide the appropriate crror
messages to the user via the display unit 635. The main control unit 605 may optionally
control various operations of the auto injector 50 prior to, during or after the skin sensing
process.

[00124]  In one example, the main control unit 605 may optionally determine whether the
energy source 108 has enough charge to complete a full drug delivery process. The main
control unit 605 may optionally consult the energy source sensor 620, or a control unit of the
energy source 108 (not shown) to determine the charge capacity of the energy source 108.
Based on the determination, the main control unit 605 may provide notifications via the
display unit 635. For example, if the battery has enough charge for a complete drug delivery
sequence, the auto injector device may prompt the user to continue with the current drug
delivery process. Alternatively, if the battery or the energy source 108 does not have enough
charge, the auto injector device may display a request message to charge the battery prior to
initiation of the drug delivery process.

[00125] In one example, the user may optionally proceed to load or insert the cartridge 54
on the cartridge carrier 126 and subsequently close the cartridge cover 72 (¢.g., when it is
determined that there is sufficient change in the energy source 108). The main control unit
605, as discussed above, may consult with the cartridge sensor 645 to ensure that the
cartridge 54 is correctly in position within the cartridge carrier 126 prior to the operation.
[00126] In one implementation, the main control unit 605 may further consult with the
timer unit 630 to determine whether a cartridge 54 is placed in the carrier 126 within a
predetermined time. If the main control unit 605 does not receive a status signal from the
cartridge sensor 645 within the predetermined time, the main control unit 605 may indicate a
time-out and an appropriate error message may be displayed on the display unit 635. The user
may also be prompted (on the display unit) to re-initialize the auto injector 50.

[00127] Additionally and/or alternatively, the main control unit 605 may identify that a

cartridge (from a previous drug delivery sequence) is already present in the cartridge carrier,
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upon the initialization. As such, the user may be prompted to remove the old cartridge, in
order to initiate a new drug delivery sequence with a new cartridge.

[00128]  Additionally, the main control unit 605 may consult the cartridge cover sensor
615 to cnsurc that the cartridge cover 72 is closed prior to the drug delivery process, and/or
after the cartridge is properly placed in the carrier 126. If the main control unit 605, however,
determines that the cartridge cover is not closed (upon consulting with the cartridge cover
sensor), the main control unit may optionally send a request to the user (via a request
message in the display unit) to close the cartridge cover in order to continue with the drug
delivery process.

[00129] Additionally, at step 805, the user may be prompted on the display unit 635 to
remove the needle shield 60 and/or be notified that needle shield removal will commence.
Once the user removes the needle shield 60, the main control unit 605, may then further
prompt the user to initiate the drug delivery sequence (e.g., by pressing the activation button
501).

[00130] It is noted that, once the needle shield is removed, the cartridge needs to be used
for an injection (i.e., for the drug delivery dose). If the auto injector is powered off before the
dose is delivered, cartridge 54 may not be used by the auto injector 50. Accordingly, the main
control unit 605 may provide the appropriate notification (c.g., via the display unit) to the
uscr. If the needle shield has been removed, the control unit may prevent the opening of
cartridge cover until the needle shicld has been replaced or needle retraction has occurred.
[00131] Moreover, once the drug delivery sequence is initiated, in order to open the
cartridge cover 72 and remove the cartridge 54, the user may need to cancel the injection. If
the user cancels the current injection, the door open option will appear (e.g., on the display
unit) and the user may then remove the cartridge from the device.

[00132] At step 807, the user may be prompted on the display unit 635 to hold the auto
injector 50 against the injection site (e.g., once the cartridge 54 is properly positioned in the
cartridge carrier 126 and the needle shield has been removed). For example, the main control
unit 605 may instruct the display unit to display an appropriate notification for holding the
auto injector 50 against the injection site. Once the user places the auto injector 50 against the

injection site (e.g., the skin portion 735), the main control unit 605 determines whether the
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skin portion is substantially proximate or in contact with the electrodes of the skin sensor
665. Step 807 is similar to step 701 of FIG. 7C that describes skin sensing prior to a drug
delivery process. Hence, for the sake of brevity, similar discussion is not provided here.
[00133] At step 809, upon determination, by the main control unit 605, that the skin
portion of the user has been detected by the skin sensor 665, the main control unit 605, may
prompt the user to commence the injection to the injection site. In one example, the user may
respond to the prompt, by pressing the activation button 501 to initiate the drug delivery
sequence.

[00134] At step 811, once the skin contact is established, and the dose sequence has been
initiated, the auto injector device enters into the drug delivery phase. For example, the main
control unit 605 may receive a signal from the drive unit 610 that indicates that the drug
delivery process has been initiated. The main control unit 605 may then continue to monitor
the detection of the skin portion (as detected at step 807), based on the communication
between the main control unit 605 and the skin sensor 665. Step 811 is similar to step 703 of
FIG. 7C that describes skin sensing during a drug delivery process. Hence, for the sake of
brevity, similar discussion is not provided here.

[00135] It is noted that, if the user wishes to cancel the injection after the needle shield
removal (and after initiating the dosing sequence), the dose must be expended or wasted
before the cartridge is removed from the auto injector. Similarly, if the complete dose is not
delivered, the user must waste the remaining dose before opening the cover and removing the
cartridge 54 from the auto injector. For example, the main control unit 605 may receive a
signal for cancellation (e.g., user may press the activation button 501 a predetermined number
of times to indicate cancellation) in the middle of the drug delivery. In one example, a user
may cancel a dosage upon realizing that a wrong drug is being used by mistake. In another
example, the user may cancel the dosage upon realizing that he/she may not be able to
complete the full dosage due to an emergency. The main control unit 605 may then prompt
the user to waste the drug that is left inside the cartridge (upon receiving the cancellation
signal). For example, the main control unit 605 may provide instruction such as to: remove

the auto injector 50 from the injection site and go near a waste basket to expend the

35



CA 02959159 2017-02-23

WO 2016/033496 PCT/US2015/047487

remaining drug that is left inside the cartridge. In this situation, the control unit may prevent
disbursement of the drug if the skin sensor detects skin.

[00136] For example, upon receiving the cancellation signal of the drug delivery, and
during the expending of the drug, the auto injector 50 or the main control unit 605 may be
configured to monitor skin sensing (i.€., if there is any signal being transmitted from the skin
sensor 665 to the main control unit 605). If the main control unit 605 receives any signal from
the skin sensor during the expending of the remaining of the drug, the main control unit 605
may cause the display unit 635 to display an alert indicating that the drug is being expended
on the injection site (as opposed to the waste basket). The main control unit 605 may
additionally power down the auto injector if the user continues to expend the drug on the
Injection site.

[00137] However, if there is no cancellation of the drug delivery, at step 813, the main
control unit 605 may determine that the drug has been delivered (e.g., upon receiving a signal
from the drive unit 610), and may prompt the user of an end of dose notification. The main
control unit 605 may optionally further prompt the user to remove the cartridge 54 after the
end of dose notification. In one example, the main control unit 605 may not allow the user to
shut down the auto injector 50 until the used cartridge 54 has been removed from the auto
injector 50. In one example, the main control unit 605 dctermines an end of dosc based on the
distance traveled by the plunger (upon the drug delivery). Additionally, or alternatively, the
distancc traveled by the plunger may causc the drive unit to trigger or send a signal to the
control unit 605 indicating the end of dose.

[00138] As discussed above, one or more sensors may be utilized for safety or for other
reasons. For example, a skin sensor 665 may be utilized at a distal end of the reusable
automatic injector 50 to ensure that it is in contact with the patient prior to needle injection.
Cartridge sensor 645 may similarly be used to ensure that a cartridge 54 is correctly in
position within the cartridge carrier 126 prior to operation. Other sensors known in the art
may be utilized for this or other purposes and are contemplated and encompassed within the
breadth of the embodiments of the present invention. Similarly, other components may
optionally be utilized to enhance the safety and functionality of the automatic injector 50. For

example, a cartridge ejector assembly 182 may be utilized to removably lock and eject the
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cartridge 54 during and after operation, respectively. One example of a cartridge ejector
assembly 182 is shown in FIGS. 2 and 4. Cartridge ¢jector assembly 182 may be controlled
by the main control unit 605 upon being coupled to the drive unit 610.

[00139] It is noted that, if a skin contact is cstablished when the user presses the button
(e.g., activation button 501) to remove the needle shield 60, the main control unit 605 may
show an error notification (via the display unit 635) to prompt the user to remove the auto
injector from the injection site, even though a proper skin contact has been established.
Similarly, if skin contact is established when the user is in a dose wasting sequence, as
discussed above, another error notification may prompt the user to remove the auto injector
50 from the injection site. Therefore, it will be appreciated that the skin sensor 665, in
addition to providing determination of skin contact, may further provide safety features,
based on when the skin contact is being made.

[00140] Moreover, if a safety syringe is utilized as a cartridge 54 of the automatic injector
50, safety mechanisms of the safety syringe may be triggered at the end of the drug delivery
stage by operation of the syringe. In this case, drive unit 610, for example, may indicate the
end of the drug delivery stage to the main control unit 605. Accordingly, the cartridge 54
disposed in the cartridge carrier 126 of the automatic injector 50 will be safe for removal and
disposal by the user. Optionally, the user may reattach the rigid ncedle shicld 60 to the distal
end of the cartridge 54, such as to the distal end of the barrel 56, after the syringe has been
used.

[00141] The reusable automatic injectors 50 of the present invention are able to
accommodate partially or fully filled cartridges 54 of varying capacity, including TmL
cartridges 54. The reusable automatic injector could be used with retractable or safety
syringes, including prefilled syringes, as well as with non-safety syringes. When used with a
non-safety syringe, the cartridge 54 is fully withdrawn back into the reusable automatic
injector housing 52 after the injection or upon loss of contact of distal face 210 with the
patient’s skin to protect the user from exposed needles. Following the injection complete
signal or upon retraction of the cartridge, the user can re-cap the non-safety syringe whilst it
remains in the reusable automatic injector housing 52 with no risk of a needle-stick injury as

the needle point is contained inside the housing 52. The reusable automatic injector or
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cartridge cover 72 can then be opened and the used cartridge 54 can be safely disposed in a
sharps container. The reusable automatic injector 50 would therefore provide a safe injection
for non-safety syringes in addition to working with most retractable needle syringes. The
present invention also provides reusable auto injectors which are ergonomic, casy-to-use and
acsthetically similar to products currently employed by self-administering patients. The
automatic injectors of the present invention provide sufficient force at suitable speeds to
simulate an injection by a nurse or doctor, yet provide the freedom of use for self-
administering patients. The reusable automatic injectors of the present invention are also
configured to withstand frequent use, such as daily use, over an extended period of time. The
energy source which powers the reusable automatic injectors may similarly be replaceable,
rechargeable, or otherwise provide power for use of the injectors over an extended period of
time. The present invention thereby provides a reusable automatic injector with integrated
safety mechanisms, enabled by incorporating a retractable needle syringe within the reusable
automatic injector, in a convenient and easy-to-use package for patients.

[00142] One or more of the embodiments described above may provide additional
desirable features to the patient. For example, the automatic injectors or the skin sensing
system 600 of the present invention may utilize existing or additional components within the
housing to limit the depth of needle insertion. In one such embodiment, features located on
the housing or the guide may be utilized for this purpose. In another embodiment, mechanical
limits may be integrated into the drive unit (e.g., drive control mechanism, the cartridge
carrier, the plunger carrier, or the drive screw) to limit the range of travel of the syringe
needle into the patient. Similarly, as described above, one or more components may be
employed to automatically remove the needle shield from the syringe needle upon activation
of the reusable auto injector.

[00143] In another embodiment, a single automatic injector according to the invention may
be adjusted to accommodate cartridges including needles of various lengths. In this way, a
single automatic injector may be utilized, for example, for intramuscular injections and
subcutaneous injections. In adjusting for various needle lengths, the automatic injector may

include a mechanical adjustment and/or an electrical adjustment, for example, by way of the
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user interface. The depth of needle insertion may be adjusted based upon the movement of
the cartridge carrier within the housing.

[00144] In further embodiments, the automatic injector or the main control unit 601 may
include one or more overrides. For example, the automatic injector may include an clectronic
override that may be actuated by way of the user interface or activation button 501.
Alternatively or additionally, the automatic injector may include a manual override.

[00145] In another embodiment, the present invention relates to the method for
manufacturing automatic injectors. The method includes the steps of assembling a drive
control mechanism for a drive unit. The method further includes the step of attaching a guide
and a support housing 52 to the drive control mechanism. The method further includes the
step of installing an electronic skin sensor and the drive unit. The method may further include
the steps of attaching one or more of: an energy source, a motor 106, a transmission assembly
110, and a skin sensing system such as the main control unit 605. A cartridge 54 or housing
52 cover 72 may also be attached on the top side of the automatic injector.

[00146] In yet another embodiment, the present invention relates to a method of use for an
automatic injector. The method includes the steps of: inserting a cartridge 54 into the carriage
contained in a housing 52 of the automatic injector, placing the automatic injector against or
in close proximity to a paticnt’s skin, and activating the automatic injector to initiate,
optionally, onc or more of: removal of a needle shicld 60, injection of a needle into a patient,
delivery of drug through the needle 58 to the patient, retraction of the ncedle from the patient
into the housing 52, and removal of the cartridge 54 from the cartridge carrier 126.
Furthermore, optionally, the method of use may include the step of expending a portion of the
drug dosage to a reservoir or to the environment, prior to needle injection and drug dose
delivery into a user, in order to reduce or adjust drug dose volume. Similarly, optionally, the
method of use may include the step of adjusting the range of axial translation of the drive
mechanism (and therefore the syringe cartridge) to accommodate different needle lengths
and/or injection depths. The method may further include the steps of opening a cartridge
cover 72 to access an interior of the automatic injector prior to the insertion of a cartridge 54
into the cartridge carrier 126, and the step of closing the cartridge cover 72 after the cartridge
54 has been loaded into the cartridge carrier 126. The method may similarly include the step
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of opening the cartridge or housing cover 72 to access an interior of the automatic injector
after the retraction of the needle 58 to remove the used cartridge 54. The user may optionally
reattach the needle shield 60 to the cartridge 54 prior to removal of the cartridge 54 from the
cartridge carricr 126. After the used cartridge 54 has been removed from the cartridge carrier
126 of the automatic injector, the automatic injector is reset and ready to accept another
cartridge 54.

[00147] The embodiments shown and detailed herein disclose only a few possible
variations of the present invention; other similar variations are contemplated and incorporated
within the breadth of this disclosure. As would be readily appreciated by an ordinarily skilled
artisan, a number of parameters, shapes, and dimensions described above may be modified
while remaining within the breadth and scope of the present invention. Such automatic
injectors may be employed by, for example, patients who are required to self-inject their
medication on a regular or long-term basis. Accordingly, similar to the examples provided
above, the reusable auto injectors of the present invention may be configured, modified, and
utilized to initiate drug delivery and activate needle retraction in any number of
configurations while remaining within the breadth and scope of the present invention. Thus, it
is intended that the present invention covers the modifications and variations of this invention
provided they come within the scope of the appended claims and their equivalents.

[00148] The incorporation of the syringe retraction or the integrated needle retraction
syringe into a reusable auto injector cnables patients to safely self-administer pharmaccutical
treatment in an casy-to-use manner. The incorporation of the safety syringe features and
designs into the reusable automatic injector provides a true end of dose indicator.
Additionally, a standard syringe may be utilized and retracted into the body of the automatic
injector to provide needle safety and to indicate that the dose is complete. While the syringes
described herein may have integrated safety features, the automatic injectors of the present
invention may be utilized with conventional syringes that lack such features.

[00149] The incorporation of such syringes into a disposable or reusable automatic injector
extends the integrated safety mechanisms of the syringes into an automated drug delivery
device that is highly desirable by patients. More specifically, automatic injectors that employ

the integrated needle retraction safety syringes described herein may utilize the pre-filled
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syringe’s retraction mechanism instead of, or in addition to, other retraction mechanisms of
the automatic injector such as the reverse drive mechanisms. Additionally, such automatic
injectors also solve a significant unmet need for an automatic injector with a true end of dose
indicator. Currently visual, tactile or audible indicators arc generally linked to the end of
stroke or some other mechanical mechanism and not to the end of dose. The integrated needle
retraction safety syringe retracts the needle into the syringe barrel, removing it from the
patient’s skin, once the dose is complete. Therefore, incorporating such integrated safety
syringes into an automatic injector incorporates this true end of dose indicator. The
embodiments of the present invention provide electronic skin sensors, automatic injector
configurations, and using reusable automatic injectors. Such devices may be employed by,
for example, patients who are required to self-inject their medication on a regular or long-
term basis.

[00150] It will be appreciated that the foregoing description provides examples of the
disclosed system and technique. However, it is contemplated that other implementations of
the disclosure may differ in detail from the foregoing examples. All references to the
disclosure or examples thereof are intended to reference the particular example being
discussed at that point and are not intended to imply any limitation as to the scope of the
disclosure more generally. All language of distinction and disparagement with respect to
certain features is intended to indicate a lack of preference for those features, but not to
exclude such from the scope of the disclosure entirely unless otherwise indicated.

[00151] The use of the terms “a” and “an” and “the” and “‘at least one” and similar
referents in the context of describing the invention (especially in the context of the following
claims) are to be construed to cover both the singular and the plural, unless otherwise
indicated herein or clearly contradicted by context. The use of the term “at least one”
followed by a list of one or more items (for example, “at least one of A and B”) is to be
construed to mean one item selected from the listed items (A or B) or any combination of two
or more of the listed items (A and B), unless otherwise indicated herein or clearly
contradicted by context.

[00152] Recitation of ranges of values herein are merely intended to serve as a shorthand

method of referring individually to each separate value falling within the range, unless
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otherwise indicated herein, and each separate value is incorporated into the specification as if
it were individually recited herein. All methods described herein can be performed in any
suitable order unless otherwise indicated herein or otherwise clearly contradicted by context.
[00153] Accordingly, this disclosurc includes all modifications and equivalents of the
subject matter recited in the claims appended hereto as permitted by applicable law.
Moreover, any combination of the above-described elements in all possible variations thercof
is encompassed by the disclosure unless otherwise indicated herein or otherwise clearly

contradicted by context.
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WE CLAIM:

1.

A skin sensing system for a drug delivery device comprising:

a control unit; and
a skin sensor comprising one or more electrodes, the skin sensor configured to:

for each of the one or more electrodes, store a threshold value associated with skin

sensing;

for each of the one or more electrodes, store a range of electrode signal values that are
calculated as percentages of the threshold value;

receive one or more sensed-signals from the one or more electrodes;
compare the one or more sensed signals with the threshold value; and
based on the comparison, transmit a resultant signal to the control unit,
wherein the control unit is configured to:

in a detection mode, determine whether a skin surface of a user is substantially proximate
to the skin sensor based on the resultant signal indicating whether the one or more sensed
signals are at or above the threshold value, and

in a monitoring mode, determine whether the skin sensor is substantially proximate to the
skin surface based on the resultant signal indicating whether the one or more sensed
signals are within a fluctuation window that includes at least a portion of the stored range
of electrode values.

The skin sensing system of claim 1, wherein the control unit determines that the skin
surface of the user is substantially proximate to the skin sensor when the resultant signal
indicates that the one or more sensed signals received from the respective one or more
electrodes are above the threshold value.

The skin sensing system of claim 2, wherein the control unit, based on the determination,
causes a display unit coupled to the control unit to display a first status notification
indicating that the skin surface of the user is substantially proximate to the skin sensor.
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10.

11.

The skin sensing system of any one of claims 1-3, wherein the control unit determines that
the skin surface of the user is not substantially proximate to the sensor when the resultant
signal indicates that the one or more sensed signals received from the respective one or
more electrodes are below the threshold value.

The skin sensing system of claim 4, wherein the control unit, based on the determination,
causes a display unit coupled to the control unit to display a second status notification

indicating that the skin surface of the user is not substantially proximate to the skin sensor.

The skin sensing system of any one of claims 1-5, wherein the control unit is further
configured to determine an operational status of a presence of a cartridge based on a
cartridge status signal received from a cartridge sensor that is coupled to the control unit.

The skin sensing system of any one of claims 1-8, wherein the control unit is further
configured to determine another operational status of a cartridge cover based on a
cartridge cover status signal received from a cartridge cover sensor that is coupled to the
control unit, and after the determination of the operational status of the cartridge sensor.

The skin sensing system of claim 7, wherein the control unit is further configured to provide
the user with a user prompt to activate one or more operations of the system upon
determination that: (a) the cartridge is present indicated by the cartridge status signal, (b)
the cartridge cover is closed indicated by the cartridge cover status signal, and (c) after
the reception of the resultant signal from the skin sensor.

The skin sensing system of any one of claims 1-8, wherein the control unit is further
configured to cause the injection of a needle into the skin surface based on instructions

received from the user in response to the user prompt.

The skin sensing system of claim 1, wherein the range of electrode signal values includes
an upper limit defined by a percentage of the threshold value and a lower limit defined by
another percentage of the threshold value.

The skin sensing system of claim 10, wherein the control unit determines that the skin
sensor is not substantially proximate to the skin surface during the drug delivery process
when the resultant signal indicates that the one or more sensed signals is at least below

the lower limit of the fluctuation window.
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12.

13.

14.

15.

The skin sensing system of claim 11, wherein the control unit, based on the determination
that the skin sensor is not substantially proximate to the skin surface during the drug
delivery, causes a drive unit coupled to the control unit to retract a needle from the skin
surface of the user.

The skin sensing system of claim 12, wherein the control unit causes a display unit to
display a guidance message to re-position the skin sensing system prior to the retraction
of the needle and before the one or more sensed signals falls below the lower limit of the
fluctuation window.

The skin sensing system of any one of claims 1-13, wherein the threshold value selected
to be stored in the skin sensor is from a group consisting of: (a) predetermined skin
sensing threshold values determined by an administrator, and (b) calibrated skin sensing

threshold values that are iteratively determined by the user.

An automatic injector (Al) device adapted to receive a cartridge including a barrel, a
needle, and a plunger assembly including a plunger seal, the cartridge defining a
longitudinal axis, the Al device comprising:

a housing;

a cartridge carrier adapted to receive at least a portion of the cartridge, the cartridge carrier
being disposed for movement relative to the housing in a direction parallel to the

longitudinal axis of the cartridge;
a plunger carrier disposed for movement relative to the cartridge carrier;

an elongated drive device coupled to the plunger carrier, the elongated drive device being
disposed to provide movement of the plunger carrier in a direction parallel to the
longitudinal axis of the cartridge;

a motor;
a transmission assembly coupling the motor to the elongated device; and

the skin sensing system of any of claims 1-14; wherein the control unit controls the motor,

based on the resultant signal received from the skin sensor.
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16. The Al device of claim 15, wherein the control unit controls the cartridge carrier to move
the cartridge from a first position where the needle is within the housing, to a second
position where the needle extends distally from the housing.

17. A method of sensing skin for drug delivery comprising:

for each of the one or more electrodes, storing a threshold value associated with skin
sensing;

for each of the one or more electrodes, storing a range of electrode signal values that are
calculated as percentages of the threshold value;

receiving, by the skin sensor, one or more sensed signals from the one or more electrodes;
comparing the one or more sensed signals to the stored threshold value;
transmitting a resultant signal to a control unit based on the comparison; and

determining, by the control unit, in a detection mode, whether a skin surface of a user is
substantially proximate to the skin sensor based upon the resultant signal indicating
whether the one or more sensed signals are at or above the threshold value, and

determining in a monitoring mode, whether the skin sensor is substantially proximate to
the skin surface based upon the resultant signal indicating whether the one or more
sensed signals are within a fluctuation window that includes at least a portion of the stored
range of electrode signal values.
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