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(57) ABSTRACT

In some embodiments a system and method are described
for safeguarding a hazard, the hazard, for example a needle
point, may be moved between a protected retracted position,
an active extended position and/or an intermediate position.
Optionally in the retracted position, the hazard may be
protected inside a housing. Optionally in the extended
position, the hazard may be exposed. Optionally, in the
intermediate position the hazard may be partially protected
and/or concealed, for example by a shield and/or in an
indentation. In some embodiments, compromising a shield
causes the hazard to be retracted to the retracted position.
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THREE POSITION NEEDLE RETRACTION
RELATED APPLICATION/S

Field and Background of the Invention

[0001] The present invention, in some embodiments
thereof, relates to a needle extension and/or retraction
mechanism and, more particularly, but not exclusively, to a
mechanism for protecting a needle tip from stick hazards
after removal of an autoinjector for example a patch injector
from a subject.

[0002] U.S. Pat. No. 8,915,882 relates to “A needle assem-
bly adapted for fluid communication with a vial containing
a substance to be delivered to a subject, the needle assembly
including a needle held in a needle holder, the needle holder
confined to move in a housing, and an activation mechanism
for activating delivery of the substance through the needle,
the activation mechanism including a safety latch that ini-
tially impedes movement of the needle holder, wherein
when the safety latch is placed on the subject, the safety
latch moves to a position that permits moving the needle
holder to cause the needle to protrude outwards of the
housing to pierce the subject to allow administration of the
substance to the subject.”

[0003] U.S. Pat. No. 8,152,779 relates to “A needle assem-
bly adapted for fluid communication with a cartridge con-
taining a substance to be delivered to a subject, the needle
assembly characterized by a biasing device (70) arranged to
apply a biasing force on a needle (28, 116) to cause the
needle (28, 116) to protrude outwards of a housing (30, 112)
to pierce the subject, and biasing device release apparatus
(60) including a biasing device arrester (62) that initially
blocks movement of the biasing device (70) and which
releases the biasing device (70) when the safety latch (32,
122) moves to a position that permits moving the needle
holder (26, 118) to cause the needle (28, 116) to protrude
outwards of the housing (30, 112).”

[0004] U.S. Pat. No. 7,530,964 relates to a needle device
that, “has a needle retraction mechanism that retracts the
needle upon removing the device from the skin surface
(either intentionally or unintentionally). Once the needle is
retracted, the device is rendered inoperative. The needle can
be further made inoperative by bending it when one attempts
to reuse the device. In another embodiment, a needle open-
ing formed in the base of the housing can be covered to
render the needle inoperative when one attempts to reuse the
device. In another embodiment, the needle device instead
has a needle shield that automatically covers the needle after
use.”

[0005] U.S. Pat. No. 9,072,827 relates to a method and
device “for preventing a needle stick hazard in the event of
a collapse of a protective needle flap of a portable drug
pump. The device may include a needle guide, a secure
space and/or a shield. A point of a needle is optionally
deflected into a secure space upon collapse of the protective
flap. The space may optionally be shielded. Optionally, the
support linking the needle to the pump may pivot and/or
translate. Optionally, there may be an exposing position
wherein the needle protrudes through an opening in the flap.
Optionally, the opening may be non-circular.”

[0006] U.S. Pat. No. 7,530,964 relates to a needle device
which, “has a needle retraction mechanism that retracts the
needle upon removing the device from the skin surface
(either intentionally or unintentionally). Once the needle is
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retracted, the device is rendered inoperative. The needle can
be further made inoperative by bending it when one attempts
to reuse the device. In another embodiment, a needle open-
ing formed in the base of the housing can be covered to
render the needle inoperative when one attempts to reuse the
device. In another embodiment, the needle device instead
has a needle shield that automatically covers the needle after
use.”

SUMMARY OF THE INVENTION

[0007] According to an aspect of some embodiments of
the invention, there is provided a device for protecting a
sharp tip of a hollow needle including: housing including an
inner side and an outer side and an opening between the
inner side and the outer side; a needle mount movably
connecting the needle to the housing for a movement
through the opening between a retracted position wherein
the sharp tip is inward of the outer side of the housing and
an extended position wherein the sharp tip projects outward
from the outer side of the housing; a needle shield, shielding
the sharp tip of the needle in the extended position; a lock
on the mount inhibiting movement of the needle from the
extended position to the retracted position; and a mechanical
interlock between the shield and the lock, the interlock
releasing the lock to allow retraction of the needle from the
extended position to the retracted position when the needle
shield is compromised.

[0008] According to some embodiments of the invention,
the movement of the needle between the extended position
and the retracted position is approximately directed along an
axis of the needle.

[0009] According to some embodiments of the invention,
when the needle tip is positioned between the shield and the
housing during the shielding.

[0010] According to some embodiments of the invention,
the compromising includes movement of the shield with
respect to the housing during the shielding.

[0011] According to some embodiments of the invention,
the movement of the needle shield is toward the housing.
[0012] According to some embodiments of the invention,
the movement of the needle shield is toward the opening.
[0013] According to some embodiments of the invention,
the compromising includes exerting a force of at least 1 N
on the shield.

[0014] According to some embodiments of the invention,
the force is at least partially directed toward the housing.
[0015] According to some embodiments of the invention,
the needle shield is pivotally mounted on the housing about
a pivot and in the shielding configuration the needle shield
is pivoted away from the housing.

[0016] According to some embodiments of the invention,
the shield is movably mounted on the housing for movement
between a primed position and a shielding position and the
shield includes a needle opening, and wherein in the primed
position, the needle tip is aligned to pass through the needle
opening during the movement from the retracted position to
the extended position and in the shielding position the
needle tip is blocked by a portion of the shield.

[0017] According to some embodiments of the invention,
the needle shield is movable mounted on the housing
between a first position wherein the needle shield is flush
with the housing and a shielding position wherein the shield
is shielding the sharp tip.
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[0018] According to some embodiments of the invention,
the needle shield is biased toward the shielding position by
a biasing device.

[0019] According to some embodiments of the invention,
the outer side of the housing includes an adhesive skin
contact area.

[0020] According to some embodiments of the invention,
the opening is within the adhesive skin contact area.

[0021] According to an aspect of some embodiments of
the invention, there is provided a method of safeguarding a
needle point of a drug discharge device the device including
a housing base including a contact side and an opposite side
and an opening between the contact side and the opposite
side; the method including: providing the drug discharge
device with the contact side of the base contacting an
injection surface and the needle point locked in an extended
position protruding from the contact side of the device into
an injection surface; deploying a needle shield to a deployed
position in response to a distancing of the base from the
injection surface; wherein in the deployed position wherein
the extended position of the needle point is between the base
and the needle shield; sensing a compromising of the needle
shield after the deploying; and unlocking the needle from the
extended position in response to the sensing.

[0022] According to some embodiments of the invention,
the method further includes: automatically retracting the
needle to a retracted position on the opposite side of the base
in response to the sensing.

[0023] According to some embodiments of the invention,
the needle shield is mechanically interlocked with a locking
mechanism such that a movement of the needle shield from
the deployed position triggers the unlocking.

[0024] According to an aspect of some embodiments of
the invention, there is provided a method of safeguarding a
needle point of a drug discharge device the device including
a housing base including a contact side and an opposite side
and an opening between the contact side and the opposite
side; the method including: providing the drug discharge
device with the contact side of the base contacting an
injection surface and the needle point in an extended posi-
tion protruding from the contact side of the device into an
injection surface; deploying a needle shield to a deployed
position in response to a distancing of the base from the
injection surface; wherein in the deployed position wherein
the extended position of the needle point is between the base
and the needle shield; sensing a compromising of the needle
shield after the deploying; and retracting the needle to a
retracted position on the opposite side of the base in
response to the sensing.

[0025] According to an aspect of some embodiments of
the invention, there is provided a needle device including:
housing base including an opening between an inner side of
the base and an outer side of the base opposite the inner side;
a needle point mounted for a movement through the opening
between a retracted position inward of the inner side of the
base and an extended position outward from the outer side
of the base; a needle shield having a shielding configuration
in which a tip of the needle in the extended position is
positioned on the outer side between the base and the needle
shield; and a retraction mechanism mechanically interlocked
to the needle shield to move the needle from the extended
position to the retracted position in response to a compro-
mising of the needle shield.
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[0026] According to some embodiments of the invention,
the outer side of the base includes an adhesive skin contact
area.

[0027] According to some embodiments of the invention,
the compromising includes movement of the shield from the
shielded configuration.

[0028] According to some embodiments of the invention,
the compromising includes exerting a force of at least 1 N
on the shield.

[0029] According to some embodiments of the invention,
the shield has a first position wherein the needle is aligned
to pass through the needle opening and a second position
wherein the shield is moved with respect to the housing and
the needle is blocked by a portion of the shield.

[0030] According to some embodiments of the invention,
the needle shield is pivotally mounted on the housing about
a pivot and in the shielding configuration the needle shield
is pivoted away from the housing.

[0031] According to some embodiments of the invention,
the needle shield is pivotally mounted on the housing about
a pivot and in the first position the needle shield is flush with
the housing.

[0032] According to some embodiments of the invention,
the needle shield is biased toward the shielding position by
a biasing device.

[0033] According to some embodiments of the invention,
the movement of the needle shield is toward the base.
[0034] According to some embodiments of the invention,
the force is at least partially directed toward the base.
[0035] According to an aspect of some embodiments of
the invention, there is provided a needle device including:
housing base including an opening between an inner side of
the base and an outer side of the base opposite the inner side,
the outer side including a skin contact area; a needle point
mounted for a movement through the opening between a
retracted position inward of the inner side of the base and an
extended position outward from the outer side of the base;
a lock mechanism that locks the needle in an intermediate
position wherein the needle point is positioned along a path
of the movement between 10% to 90% of the distance
between the retracted and the extended position.

[0036] According to some embodiments of the invention,
the needle device further includes: a needle shield movable
to a shielding configuration in which a tip of the needle is in
the intermediate position and is positioned between the base
and the needle shield; and a retraction mechanism mechani-
cally interlocked to the needle shield to move the needle
from the extended position to the intermediate position when
the needle shield is moved to the shielding position.
[0037] According to an aspect of some embodiments of
the invention, there is provided a method of safeguarding a
hazardous component of a drug delivery device the device
including a housing base including an opening between an
inner side of the base and an outer side of the base opposite
the inner side, the outer side including a skin contact area;
the method including: supplying the device with the haz-
ardous component in a first retracted position; extending the
hazardous component in response to an external trigger from
the first retracted position to an extended position protruding
outward from the outer side of the base; locking the haz-
ardous component in the extended position; delivering the
drug with the hazardous component in the extended posi-
tion; retracting the hazardous component from the extended
position to a second retracted position at least 1 mm distant
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from the first retracted position; holding the hazardous
component in the second retracted position.

[0038] According to some embodiments of the invention,
the hazardous component includes a sharp tip of a needle the
method further including shielding the sharp tip by a hous-
ing of the device in at least one of the first retracted position
and the second retracted position.

[0039] According to some embodiments of the invention,
the hazardous component includes a sharp tip of a hollow
needle and wherein the delivering is through a channel of the
hollow needle.

[0040] According to some embodiments of the invention,
the holding is for at least 1 second.

[0041] According to some embodiments of the invention,
the holding indefinitely.

[0042] According to some embodiments of the invention,
the method further includes: releasing the holding in
response to an external stimulus.

[0043] According to some embodiments of the invention,
the external stimulus includes a compromising of a needle
shield.

[0044] According to some embodiments of the invention,
the retracting is in response to an end of the delivering.
[0045] According to some embodiments of the invention,
the retracting is in response to an external stimulus.
[0046] According to some embodiments of the invention,
the external stimulus includes a distancing of the delivery
device from a skin of a user.

[0047] According to some embodiments of the invention,
the second retracted position is on the outer side of the base
and the first retracted position is on the inner side of the base.
[0048] According to some embodiments of the invention,
the method further includes: retracting the hazardous com-
ponent from the second retracted position to a third position
on the inner side of the base.

[0049] According to some embodiments of the invention,
the third position is substantially the same as the first
position.

[0050] According to some embodiments of the invention,
the further retracting is in response to an external stimulus.
[0051] According to some embodiments of the invention,
the external stimulus includes compromise a shield of the
hazardous component.

[0052] According to some embodiments of the invention,
the method further includes: deploying a shield after the
delivering to shield the hazardous component in the second
retracted position.

[0053] According to some embodiments of the invention,
the further retracting occurs automatically after a time delay
after the retracting.

[0054] According to some embodiments of the invention,
the second retracted position is intermediate between 10% to
90% along a path of motion between the extended position
and the first retracted position.

[0055] According to some embodiments of the invention,
the first retracted position is intermediate between 10% to
90% along a path of motion between the extended position
and the second retracted position.

[0056] According to some embodiments of the invention,
the method further includes: providing a retraction mecha-
nism for the retracting and a sensor, the sensor mechanically
interconnected to the retraction mechanism; moving the
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sensor in response to a distancing of the delivery device
from the skin of a user; triggering automatically the retract-
ing by the moving.

[0057] According to some embodiments of the invention,
in the extended position the hazardous component protrudes
outside the housing through an opening at least 2 mm from
the opening and in the intermediate position the hazardous
component protrudes outside the housing through an open-
ing no more than 1 mm.

[0058] According to some embodiments of the invention,
the method further includes: deploying a shield while the
hazardous component is in the second retracted position
such that the hazardous component is located between the
shield and a surface of the outer side of the base.

[0059] According to some embodiments of the invention,
the deploying is triggered by the moving of the sensor.
[0060] According to some embodiments of the invention,
the holding includes blocking movement of the hazardous
component from the second retracted position by a mechani-
cal interconnecting between the sensor and the retraction
mechanism.

[0061] Unless otherwise defined, all technical and/or sci-
entific terms used herein have the same meaning as com-
monly understood by one of ordinary skill in the art to which
the invention pertains. Although methods and materials
similar or equivalent to those described herein can be used
in the practice or testing of embodiments of the invention,
exemplary methods and/or materials are described below. In
case of conflict, the patent specification, including defini-
tions, will control. In addition, the materials, methods, and
examples are illustrative only and are not intended to be
necessarily limiting.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING(S)

[0062] Some embodiments of the invention are herein
described, by way of example only, with reference to the
accompanying drawings. With specific reference now to the
drawings in detail, it is stressed that the particulars shown
are by way of example and for purposes of illustrative
discussion of embodiments of the invention. In this regard,
the description taken with the drawings makes apparent to
those skilled in the art how embodiments of the invention
may be practiced.

[0063] In the drawings:

[0064] FIG. 1 is a flow chart illustration of a method of
partially retracting a needle in accordance with an embodi-
ment of the current invention;

[0065] FIG. 2 is a flow chart illustration of a method of
shielding and retracting a needle in accordance with an
embodiment of the current invention;

[0066] FIG. 3 is a flow chart illustration of a method of
using and retracting a needle in accordance with an embodi-
ment of the current invention;

[0067] FIG. 4 is a state diagram illustration of a partially
retractable needle in accordance with an embodiment of the
current invention;

[0068] FIG. 5 is a state diagram illustration of a needle in
accordance with an embodiment of the current invention;
[0069] FIG. 6 is a state diagram illustration of a multi-
position needle in accordance with an embodiment of the
current invention;
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[0070] FIG. 7 is a block diagram illustration of a partially
retractable needle in accordance with an embodiment of the
current invention;

[0071] FIG. 8 is a block diagram illustration of a needle
mechanism in accordance with an embodiment of the cur-
rent invention;

[0072] FIG. 9 is a perspective cutaway cross sectional
illustration of a multistate needle insertion and protection
system in a preactivated state in accordance with an embodi-
ment of the current invention;

[0073] FIG. 10 is a perspective cutaway cross sectional
illustration of a mechanism holding a needle in a preacti-
vated state in accordance with an embodiment of the current
invention;

[0074] FIGS. 11A-11C are a perspective cutaway and
cross sectional illustrations of a needle mechanism in a
primed state in accordance with an embodiment of the
current invention;

[0075] FIGS. 12A-12D are a perspective cutaway and
cross sectional illustrations of a needle mechanism in an
active state in accordance with an embodiment of the current
invention;

[0076] FIGS. 13A-13C are perspective cutaway illustra-
tions of a mechanism holding a needle in an intermediate
state in accordance with an embodiment of the current
invention;

[0077] FIG. 14 is a perspective cutaway illustration of a
mechanism holding a needle in a retracted state in accor-
dance with an embodiment of the current invention;
[0078] FIG. 15 is a perspective cutaway illustration of a
mechanism in an activated state in accordance with an
embodiment of the current invention;

[0079] FIG. 16 is a perspective cutaway illustration of a
mechanism holding a needle in an intermediate state in
accordance with an embodiment of the current invention;
[0080] FIG. 17 is a perspective cutaway illustration of a
mechanism in an active state in accordance with an embodi-
ment of the current invention;

[0081] FIG. 18 is a perspective cutaway illustration of a
mechanism holding a needle in an intermediate state in
accordance with an embodiment of the current invention;
[0082] FIG. 19 is a perspective cutaway illustration of a
mechanism holding a needle in an intermediate state in
accordance with an embodiment of the current invention;
[0083] FIG. 20 is a schematic illustration of dual rotating
needle shields in accordance with an embodiment of the
current invention;

[0084] FIGS. 21A and 21B are schematic illustrations of a
combination of rotating and translating needle shields in
accordance with an embodiment of the current invention;
[0085] FIG. 22 is a schematic illustration of a needle
protection latch in accordance with an embodiment of the
current invention;

[0086] FIG. 23 is a schematic illustration of a translating
needle shield in accordance with an embodiment of the
current invention; and

[0087] FIGS. 24A-24C are a schematic illustrations of a
needle protection mechanism in accordance with an embodi-
ment of the current invention;

[0088] FIGS. 25A and 25B illustrate a sliding needle
shield in accordance with an embodiment of the current
invention;
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[0089] FIG. 26A is a perspective view of a needle mecha-
nism in a preactivated locked state in accordance with an
embodiment of the current invention;

[0090] FIG. 26B is a perspective view of a needle mecha-
nism in a primed unlocked state in accordance with an
embodiment of the current invention;

[0091] FIG. 26C is a cutaway view of a needle mechanism
in accordance with an embodiment of the current invention;
[0092] FIGS. 27Ato 27C illustrate a needle assembly in a
primed state in accordance with an embodiment of the
current invention;

[0093] FIGS. 28Ato 28C illustrate a needle assembly in an
activated state in accordance with an embodiment of the
current invention;

[0094] FIGS. 29A-29C illustrate a needle retraction
mechanism in a partially protected state in accordance with
an embodiment of the current invention and

[0095] FIGS. 30A-30C illustrate a needle retraction
mechanism in a fully protected state in accordance with an
embodiment of the current invention.

DESCRIPTION OF SPECIFIC EMBODIMENTS
OF THE INVENTION

[0096] The present invention, in some embodiments
thereof, relates to a needle extension and/or retraction
mechanism and, more particularly, but not exclusively, to a
mechanism for protecting a needle tip from stick hazards
after removal of an autoinjector for example a patch injector
from a subject.

Overview

[0097] An aspect of some embodiments of the present
invention relates to an autoinjector with a needle that
automatically partially retracts when the injector is removed
from the skin of a subject. In some embodiments, an injector
needle extends to an active position with an exposed portion
of the needle extending outward from a skin contact surface
and/or from an opening of a base of a housing of the injector.
Optionally, in the partially retracted state a smaller portion
of the needle extends outward from the skin contact surface
and/or the opening. Optionally the smaller portion of the
needle is covered by a shield for example to avoid a stick
hazard.

[0098] In some embodiments a sensor may be stimulated
by an external event, for example, a sensor registers when
the injector is placed onto and/or distanced from the skin of
a subject. Optionally, sensor output triggers needle retraction
and/or unlocks the needle from the extended position. For
example, the sensor may include a mechanical component in
contact with the skin and/or mechanically interconnected to
a needle retraction mechanism and/or a needle locking
mechanism. For example, the mechanical connection may
lock the needle in the extended position when the sensor is
against the skin. Distancing a portion of the injector from the
skin optionally releases the mechanical interconnection to
unlock the needle and/or to trigger partial retraction of the
needle.

[0099] In some embodiments, reexposure of a needle is
inhibited. For example, after retraction, a locking mecha-
nism may prevent the needle from being reextended. Alter-
natively or additionally, a shield may be deployed blocking
the needle. Optionally the shield may be locked in place
preventing reexposure of the needle. Alternatively or addi-
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tionally, further excitation of the sensor (for example mov-
ing the sensor) may cause and/or allow further retraction of
the needle to a protected location. Alternatively or addition-
ally, a needle may retract, lock and/or unlock in connection
to an event and/or status of the injector, for example, when
all of a payload has been discharged and/or when there is an
occlusion in the system and/or in response to a user action
and/or after a time lapse.

[0100] In some embodiments a device may include a
needle retraction mechanism and/or a needle shield. For
example, the skin sensor may be designed to shield the
needle and/or prevent a stick hazard. Optionally the shield
maybe deployed when delivery finishes and/or when the
device is distanced from an injection surface (e.g. the skin of
a user). Optionally or additionally, the shield may protect the
needle when the needle is in an intermediate position. For
example the shield and/or sensor may have the form of a flap
covering the needle point and/or a sleeve surrounding the
needle point.

[0101] In some embodiments a needle may be held in a
partially retracted position for a time period. For example,
the needle may be held in the partially retracted position for
between 0.1 sec to 1 sec and/or between 1 sec to 5 sec and/or
between 5 sec. to 20 sec and/or longer. Alternatively or
additionally, the needle may be held until an external stimu-
lus causes it to be released. For example the external
stimulus may include a force exerted on an element of the
drug delivery device. For example the needle may be
released in response to a force on a needle shield and/or a
force on the needle and/or a movement of the needle shield.
[0102] In some embodiments, a needle may be retracted
from an extended position to an intermediate position and/or
a fully retracted position in response to an external stimulus.
For example, the needle may be retracted in response to the
delivery device being distanced from an injection surface
(for example the skin of a subject). For example the needle
may be retracted in response to removal of a skin contact
surface of the device from the injection surface. For example
the needle may be retracted in response to an action of a user,
for example pushing a retraction button. Alternatively or
additionally the needle may be removed in response to a
status of the delivery device. For example, the needle may
be retracted when the device completes delivery of a pre-
scribed dose and/or upon a malfunction of the device.
[0103] An aspect of some embodiments of the present
invention relates to a multi-level safety mechanism to pro-
tect a needle. In some embodiments, the safety mechanism
includes a first component that protects the needle and a
second component that is activated in response to changes in
the first component. For example, a needle shield in a
deployed configuration may block a sharp tip of the needle.
When the needle shield is compromised, for example, a
force is applied to the shield and/or the shield moves from
the deployed configuration, the needle is optionally neutral-
ized. For example the needle may be retracted and/or folded
and/or moved to a protected position.

[0104] Insome embodiments a mount connecting a needle
to a drug delivery device may include a needle retraction
system and/or multiple protection measures and/or a redun-
dant needle protection system. Optionally, the needle mount
may allow movement of the needle with respect to the
housing. For example, the housing may include a skin
contact surface and/or a needle opening in the skin contact
surface. Optionally, the needle is mounted to the housing to
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allow movement of needle in a longitudinal directional
and/or movements that are nearly longitudinal (for example
around a pivot approximately perpendicular to and/or far
from the needle [for example the distance to the fulcrum
may be more than 4 times the length of the needle]).
Optionally, a point of the needle moves from a location
inside the housing to a location outside the housing. For
example, the needle point may pass through the needle
opening. Optionally the housing may include a skin contact
surface. In some embodiments, the needle opening may pass
through the skin contact surface. Optionally the skin contact
surface includes an adhesive for attachment to an injection
site on a subject. In some embodiments, the needle is hollow.
For example, an end of the needle opposite the tip may be
connected to a drug reservoir. For example, the needle may
be extended into the skin of a subject and/or the needle may
act as a fluid path for injecting the drug from the reservoir
into the subject.

[0105] In some embodiments, an interconnection between
a needle shield and a retraction mechanism may lock the
needle in the extended and/or partially retracted position.
For example, the needle may be locked in the extended
and/or partially retracted position while the needle shield is
deployed. Movement of the needle shield may release the
lock and allow the needle to be further retracted. In some
embodiments, the needle may retract automatically. Alter-
natively or additionally, the needle may be unlocked and/or
retract in response to an external force. For example, the
needle shield may be interlocked with the needle retraction
mechanism such that a force on the needle shield is trans-
lated to a force pulling back the needle to a retracted and/or
protected position. Alternatively or additionally, the needle
shield may have a natural path of movement, for example a
path of least resistance to movement that intersects the
needle. Movement of the shield along the path optionally
causes the shield to contact the needle. Contact between the
shield and the needle optionally neutralizes the needle, for
example by bending the needle and/or pushing it into a
protected position.

[0106] An aspect of some embodiments of the current
invention relates to a needle having 3 or more stable
positions. For example, a needle may have a retracted
position, an extended position and/or third position. For
example, the third position may include a partially retracted
position and/or an intermediate position between the
extended and retracted positions. Optionally, in the partially
retracted position the needle may be entirely retracted into a
housing of the device. Alternatively or additionally, in the
partially retracted position, a portion of the needle may
extend out of the housing. For example the portion of the
needle extending out of the housing in the partially retracted
position may be shorter than the portion extending out in the
extended position.

[0107] In some embodiments, a needle retraction mecha-
nism may be locked and/or unlocked and/or triggered by a
skin sensor. Optionally, the skin sensor may be mechanically
interlocked with the needle retraction mechanism. For
example, when the sensor detects removal from the skin, the
needle may be unlocked from an extended position. Alter-
natively or additionally, when the sensor detects removal
from the skin, the needle may be automatically retracted to
apartially and/or fully retracted position. For example, when
the sensor detects removal from the skin the needle retrac-
tion mechanism may be moved to and/or locked to a
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partially and/or fully retracted position. Alternatively or
additionally, other events may lock, unlock and/or automati-
cally move the needle retraction mechanism between posi-
tions.

[0108] In some embodiments, in an active state, a sharp
needle and/or cannula may extend out of the device. In a
safeguarded state, the needle is optionally partially retracted.
For example, in the extended state a portion of the needle
may be exposed and/or extend outside a housing of the
device. Optionally, in the partially retracted state, a smaller
portion of the needle may be exposed and or extend out of
the device than in the extended state. For example, in the
extended state a needle tip may extend a distance away from
a housing of the device. Optionally, in the partially retracted
state, the needle may extend away from the device less than
in the exposed state. Optionally, the device may have a fully
retracted state and an intermediate state. In the intermediate
state the needle may be on a path between the fully retracted
state and the extended state. For example, during injection a
needle may extend a distance ranging for example between
2 to 5 mm and/or 5 to 8 mm and/or 8 to 12 mm out of the
skin contact surface. In the partially retracted state a needle
may extend a distance ranging between 20 to 70% and/or 70
to 85% and/or 85 to 95% of the fully extended distance.
Optionally, in the partially retracted state the point of the
needle may be located ranging for example between 0.5 to
1 mm and/or 1 mm to 3 mm and/or 3 mm to 5 mm and/or
5 to 10 mm outward from the position in the fully retracted
state. Needle gauge may range for example between 34 to 30
G and/or 30 G to 26 G and/or 26 to 22 G. The needle
retraction stroke is optionally at least 1 mm longer than
needle extended length. Optionally the needle may be
extended by a spring driven mechanism. For example the
force exerted by the spring at the needle may range between
20 to 40 gr (grams force) and between 40 to 80 gr and/or
greater than 80 gr.

Detailed Embodiments

[0109] Before explaining at least one embodiment of the
invention in detail, it is to be understood that the invention
is not necessarily limited in its application to the details of
construction and the arrangement of the components and/or
methods set forth in the following description and/or illus-
trated in the drawings and/or the Examples. The invention is
capable of other embodiments or of being practiced or
carried out in various ways.

[0110] Referring now to the figures, FIG. 1 is a flow chart
illustration of a method of partially protecting a hazardous
element in accordance with an embodiment of the current
invention. In some embodiments, a hazardous element
includes a sharp hazard and/or a biohazard and/or burn
hazard and/or a toxic hazard and/or a chemical hazard (e.g.
corrosive). For example a tip of a tube and or a needle may
include a sharp hazard. The tube is optionally locked 101 in
an extended position. A sensor is optionally mechanically
interconnected with a locking mechanism. Stimulating 102
the sensor optionally causes releasing of the lock allowing
the needle to be retracted 104 from the extended position to
an intermediate position.

[0111] In some embodiments a tube (for example a needle
and/or a cannula) may be used for discharging a drug into a
patient. The tube may be locked 101 in an extended position,
for example during discharge.
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[0112] In some embodiments, drug discharge device will
include a sensor. For example a sensor may be stimulated
102 when a device is removed from a patient. For example,
a mechanical sensor may be biased to move outward.
Outward movement of the sensor may be blocked when the
device is on an injection surface, for example on the skin of
the subject. When the device is removed from the surface,
the sensor may be released and/or move. Alternatively or
additionally a sensor sense light and/or may sense heat
and/or conductivity of the surface. When the sensor is
stimulated 102 for example detecting that the device was
removed from the surface, the detector may unlock the tube
allowing it to retract 104 from the extended state. Alterna-
tively or additionally, when the sensor detects 102 that the
device was removed from the surface, the sensor may trigger
retraction of the tube. Alternatively or additionally, when
the, when sensor detects that the device was removed from
the surface, it may lock a needle retraction mechanism
inhibiting the needle from moving to some position. For
example, the needle may be inhibited from reaching a fully
retracted position. For example the needle may be inhibited
from returning to the extended position. Alternatively or
additionally, a sensor may include a sensor of a state of the
injection device, for example finishing of discharge and/or a
malfunction.

[0113] FIG. 2 is a flow chart illustration of a method of
neutralizing a hazard in accordance with an embodiment of
the current invention. For example, the hazard may be a stick
hazard from a needle point. For example, a system may
include a safety backup in case a first neutralizing mecha-
nism is compromised. In some embodiments a needle may
be neutralized by shielding 208 the needle. Optionally, the
needle may be moved 205 for example to a protected
position when the functioning of the shield is compromised
210, for example by tampering with the shield. For example,
compromising a shield may include applying a force to a
shield. For example the force may be directed in a failure
direction (for example a collapse direction and/or an open-
ing direction). The force may range for example between 10
gr to 100 gr and/or 100 gr to 1000 gr and/or 1000 gr to 5000
gr and/or 5000 gr to 10000 gr. Compromising a shield may
include, for example, moving a shield with respect to a
hazard and/or a housing. For example, movement of the
shield may include, at the point on the shied of maximum
movement, movement of between 0.1 mm and 1 mm and/or
between 1 mm and 5 mm and/or between 5 mm and 2 cm
and/or more than 2 cm.

[0114] In some embodiments, allowing the needle to move
205 may include retracting the needle to a protected loca-
tion. Alternatively or additionally, the needle may be
allowed to move and/or fold, for example by unlocking a
retraction mechanism and/or a needle holder. For example,
once the shield is unlocked, if the shield fails, for example
collapses, the shield may cause the needle to collapse and/or
be neutralized.

[0115] In some embodiments, compromising 210 the
shield may include applying a force to the shield. For
example when a force is applied pushing the shield towards
a collapsed state and/or pulling a shield away from the
shielding position, movement 205 of the needle may be
triggered. For example when a force is applied to the shield
by an object pushing itself between the shield and the
needle, movement 205 of the needle may be triggered.



US 2019/0160230 Al

[0116] In some embodiments, a shield may be deployed
208 while a needle in an extended position. Optionally a
needle may be locked into an extended position while
discharging a drug into a subject. For example, after dis-
charge and/or after removal of the discharge device from the
subject, a shield may be deployed 208 while the needle
remains in the extended position. Alternatively or addition-
ally, shield may be deployed 208 while a needle is in an
intermediate position. For example, at the end of discharge
and/or when the device is removed, a needle may be
partially retracted and/or the shield may be deployed to
protect the needle in the partially retracted position.

[0117] FIG. 3 is a flow chart illustration of a method of
using and/or retracting a tube in accordance with an embodi-
ment of the current invention. In some embodiments, a
device may include an automatic tube insertion and/or stick
hazard protection system. Optionally, the device may have
multiple stages of extension and retraction. For example, an
extension mechanism may insert the tube (for example a
hypodermic needle) into a subject. For example, a shield
may cover the needle and/or ameliorate a stick hazard. For
example, a retraction mechanism may move a needle to a
fully and/or partially protected position. The shielding and/
or retracting are optionally integrated. Optionally, deploy-
ment and/or withdrawal of a shield may be triggered by a
sensor and/or by a state of the device and/or by a user action.
Optionally, extension and/or retraction of a needle may be
triggered by a sensor and/or a state of the device and/or a
user action. For example, integrated movements of the
shield and/or needle may facilitate needle insertion, drug
discharges and/or protection against a stick hazard. In some
embodiments, a single component may serve multiple func-
tions. For example a sensor may also shield a needle and/or
a retraction mechanism may also serve as a sensor. Note that
FIG. 3 illustrates a large number of actions. Some actions of
the method may be performed independently of others.
Some of the actions may be performed in the absence of
others.

[0118] Insome embodiments, an injector may be prepared
312 for use. For example, preparing 312 an injector for use
may include deploying a skin sensor. Optionally an injector
is supplied to a user in a stored state. For example, unwrap-
ping the device (for example removing it from a blister
package, removing a protective adhesive covering and/or
removing a battery isolator) may prepare 312 the device for
use. For example, removing the device from a blister may
uncover a sensor and/or activate a mechanical sensor. For
example a mechanical skin sensor may be freed to deploy
from the base of the device as the device is lifted from a
blister package and/or when an adhesive cover is removed
from the base.

[0119] In some embodiments, an injector may be placed
312 onto an injection surface, for example the skin of a
subject. Optionally, a sensor may register 314 placement 313
of the device. For example, a mechanical sensor may
register contact with the surface. Alternatively or addition-
ally, the sensor may be operative to register a quality of the
placement 313 of the device. For example, a sensor may
register 314 the temperature and/or conductivity of the
surface and/or a sensor may register 314 the distance from
a point on the injection surface to a point on the injector
and/or whether a position of the injector with respect to the
surface is stable and/or changes. For example, if the distance
between the sensor location and the injector surface is not
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stable, the device may alert the user that the device is
improperly placed. Exemplary sensors that might be used
and/or have potential to detect proper placement on the skin
include for example: capacitance, magnetic and/or optic.
Optionally, based on output of one or more sensors, a
controller may confirm that a needle shield is closed and/or
that the device has established contact with skin.

[0120] Insomeembodiments, a device may be primed 315
before use. For example, priming may be performed auto-
matically when the proper placement 313 of the device is
registered. For example, a mechanical sensor may be inter-
connected with a needle extension mechanism. For example,
placement 313 of the device on the skin of a subject may
cause movement of the sensor and/or movement of the
sensor may unlock the needle extension mechanism. Option-
ally the priming of the system, for example unlocking of the
needle extension mechanism, occurs automatically in
response to registering 314 of the sensor. Alternatively or
additionally, the priming of the system may require a user
action (for example pushing an OK button once the device
has been properly placed 313).

[0121] In some embodiments, a device may be activated
316 by a user action. For example, once the device has been
placed 313 and/or primed 315, a user may press a button to
trigger needle extension 318. Optionally the needle extends
out of the base of the device and/or into the skin of the
subject. In some embodiments, a needle may be hollow
and/or a drug may be injected through the needle. Alterna-
tively or additionally, after insertion a needle may be
removed leaving behind a tube (for example a cannula) for
discharge 301 of a drug. Alternatively or addition, move-
ment of the sensor may automatically trigger activation of
the device and/or needle extension 318. Alternatively or
additionally, a user may manually extend 318 the needle (for
example the user may push against a surface which drives
the needle into his skin). Optionally, a drug may be dis-
charged 301 through the needle into the subject.

[0122] In some embodiments, a user may remove 320 a
device from a surface. For example after discharge 301 of
the drug, a user may remove 320 the device from his skin.
Alternatively or additionally, a user may remove 320 the
device before discharge has completed (e.g. prematurely).
Alternatively or additionally, a user may remove 320 the
device when a malfunction occurs. Optionally a sensor may
register 302 removal of the device.

[0123] In some embodiments, in response to registering
302 removal of the device from the skin, the device may be
safeguarded. Alternatively or additionally the device may be
safeguarded in response to a completion of discharging
and/or a malfunction. Optionally, safeguarding the device
includes neutralizing a stick hazard. For example, a delivery
tube (e.g. a needle) may be partially retracted 304 and/or a
shield may be deployed 308. For example, in the deployed
state, the shield may cover the tip of the needle. For example
the shield may deploy 308 to cover the tip of the needle
while the needle is in the partially retracted 304 state. In
some embodiments, a skin sensor may include a needle
shield.

[0124] In some embodiments, a safeguard mechanism
may include a redundant and/or failsafe protection mecha-
nism. For example, a needle may include a further retraction
305 mechanism that moves the needle to a protected location
when there the device detects a possible compromising 310
of the needle shield.



US 2019/0160230 Al

[0125] FIG. 4 is a state diagram illustration of a retractable
needle in accordance with an embodiment of the current
invention. In some embodiments a drug discharge device
may have an active state in which an access tube (for
example a hypodermic needle) extends out of the device.
Optionally, the device may also have a safeguarded state in
which the tube is partially retracted. For example, when
discharge of the drug is interrupted in the active state, the
device may automatically switch to the safeguarded state.
[0126] In some embodiments, in active state 401, a sharp
needle and/or cannula may extend out of the device. In a
safeguarded state the needle is optionally partially retracted
404. For example, in the extended state a portion of the
needle may be exposed and/or extend outside a housing of
the device. Optionally, in the partially retracted state, a
smaller portion of the needle may be exposed and or extend
out of the device than in the exposed state. For example, in
the extended state a needle tip may extend a distance away
from a housing of the device (for example the distance from
the device may be operationally defined as the shortest
distance between the needle point and any point on the
device and/or as the distance between the needle point and
a particular location for example a sensor location on the
device). Optionally, in the partially retracted state, the needle
may extend away from the device less far than in the
exposed state. Optionally the device may have a fully
retracted state and/or an intermediate state. In the partially
retracted state the needle may be on a path between the fully
retracted state and the extended state. In some embodiments,
a shield may cover a tip of the tube in the partially contracted
state.

[0127] FIG. 5 is a state diagram illustration of a needle in
accordance with an embodiment of the current invention. In
some embodiments, an injector may have an exposed state
501 and/or multiple safeguarded states. For example, in a
first safeguarded shielded state 508, a sharp point of a tube
may be covered by shield protecting a user from a hazard.
The device may have a second safeguarded state 505. For
example the device may revert to the second safeguarded
state when there is a sign of compromise of protection of the
first safeguarded state. For example in the second safe-
guarded state 505 the tube may be retracted to a safe
location. For example, when a force is applied to the shield,
the tube may be retracted into the second safeguarded state.
[0128] FIG. 6 is a state diagram illustration of a multi
position needle in accordance with an embodiment of the
current invention.

[0129] In some embodiments an injector may have a
dormant 612 state. For example, in dormant state 612 an
energy storage device (for example a battery) may be
isolated, for example avoiding draining energy. Optionally
in the dormant state 612, a component of the system is
positioned to be protected against damage during storage
and/or transport. Optionally in the dormant state a hazardous
component (for example a needle tip) is locked in a pro-
tected position and/or a shield is locked around the hazard-
ous component.

[0130] In some embodiments, the device includes a pre-
activated state 622. For example the device may enter the
preactivated state 622 from a dormant state 612. For
example, the switch to the preactive state may be caused by
an action of a user and/or a supplier. For example, the device
may enter the preactivated state 622 when the device is
removed from a package and/or in response to a user and/or
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a helper and/or a supplier and/or a medical aid switching the
device on. Optionally, in the preactivated state 622 a haz-
ardous component is locked and/or shielded. Optionally in
the preactivated state 622 a sensor is initiated.

[0131] In some embodiments a device includes a primed
state 614. For example, a device may switch from a preac-
tivated state 622 to a primed state 614 when a sensor
registers that the device is ready for use (for example it has
been placed on the skin of a subject). Optionally in primed
state 614 a hazardous component is unlocked and/or ready
for exposure. For example, when a preactivated device is
placed on the skin of a user, a skin sensor may register
placement on the skin and/or unlock a needle. Alternatively
or additionally, a device may not have separate preactivated
622 and primed 614 states. For example, the device may be
preactivated and/or primed simultaneously.

[0132] In some embodiments, a device may include an
activated state 601. For example, a user may activate a
primed device, for example by pressing an activation button.
In the active state 601 a hazardous component may be
exposed. For example, a needle may be extended out of a
housing of the device. For example in the activated state 601
a drug may be discharged through a tube (e.g. an extended
hypodermic needle) into a subject.

[0133] In some embodiments a device may include a
partially protected state 604. For example at the completion
of drug discharge and/or upon a malfunction and/or upon
removal of the device from the skin a hazardous component
may be partially protected. For example a needle may be
shielded and/or partially retracted. The partially protected
position is optionally stable. For example, the device may
remain in the partially protected state 604 until disturbed.

[0134] In some embodiment a device may include a fully
protected state 605. For example, if there is some compro-
mise of the protection of the hazardous component in the
partially protected state 604, the device may revert to a fully
protected state 605. For example, if a force is applied to a
needle shield protecting a needle in a partially protected
state 604, the needle may retract to a fully protected state
605. Optionally a device may be permanently locked and/or
disabled in one or both of the partially protected state 604
and/or the fully protected state 604.

[0135] FIG. 7 is a block diagram illustration of a drug
delivery system in accordance with an embodiment of the
current invention. Optionally, a device may include a drive
system 729. Optionally, drive system 729 may expose and/or
protect a hazardous component. For example a hazardous
component may include a sharp needle 704. For example
drive system 729 may expose a sharp needle by extending it
out of a housing 724. For example a drive system 729 may
protect a sharp needle 704 by retracting it back into housing
724. In some embodiments there may be an intermediate
state between a fully retraction and extension (for example
a partially retracted state). For example drive system 729
may move a hazardous component to an intermediate posi-
tion and hold it there. Optionally, drive system 729 is
responsive to a sensor 714. For example, drive system 729
may be connected to sensor 714 by means of an electrome-
chanical and/or a mechanical connection and/or through a
logical component (for example a processor). In some
embodiments, a drive system and/or a sensor may include an
electro magnet, and/or a linear actuator and/or a piezoelec-
tric element.
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[0136] FIG. 8 is a block diagram illustration of a protec-
tion mechanism in accordance with an embodiment of the
current invention. Optionally a protection mechanism may
include a shield 814. For example, in some configurations
shield 814 may cover and/or protect a hazardous element
(e.g. a needle 704). Optionally shield 814 may be synchro-
nized with a drive system 829. For example, needle 704 may
be protected by shield 814 when shield 814 is in a deployed
position and needle 704 is in a retracted position and/or an
intermediate position. For example, needle 704 may retract
when shield 814 deploys. For example, needle 704 may
partially retract when shield 814 deploys. Optionally, needle
704 is retracted into a housing 724 needle 704 and/or
protected when shield 814 is withdrawn and/or compro-
mised. Optionally when shield 814 is withdrawn and/or
compromised, needle 704 may retract to inside a housing
724. For example, a housing may surround, partially sur-
round and/or protect an inner space. Optionally or addition-
ally a medicine to be injected may be stored on the inside of
an injector.

[0137] FIG. 9 is a perspective cutaway cross sectional
illustration of a multistate needle insertion and protection
system in accordance with an embodiment of the current
invention. The system includes a tube (e.g. a hypodermic
needle 904 with a tip 909 that is optionally sharpened)
mounted on a needle retainer 901. Retainer 901 optionally
moves along a path. For example the path may be defined by
a cylindrical track 907 between a retracted position (for
example as illustrated in FIG. 9-FIG. 11C) and/or an
extended position (for example as illustrated in FIGS. 12A-
12D) optionally including an intermediate, partially
retracted position (for example, as illustrated in FIGS.
13A-130).

[0138] In some embodiments a needle may be connected
to a fluid train. For example, a needle may have a sharp point
and/or a lumen. An opening to the lumen may be connected
to the fluid train. For example, the fluid train may supply a
connection between the lumen of a needle and a medicine
cartridge. For example, the fluid train may be connected to
and/or be in fluid communication with the lumen. For
example, the fluid train may be connected to the needle or
tube on an end opposite a sharpened end and/or opposite an
end that is configured for contacting a subject and/or pen-
etrating a skin of a subject.

[0139] In some embodiments, in the retracted position,
needle 904 is located in a protected position. For example,
in FIG. 9 a sharp tip of needle 904 is pulled back behind a
contact surface 925 of base 924 of the device. Optionally, in
the retracted position the entire needle 904 and/or a sharp tip
thereof is surrounded by a housing. For example, in FIG. 9,
needle 904 is surrounded by track 907.

[0140] In some embodiments a shield 914 is provided.
Shield 914 optionally moves between a deployed position
and a withdrawn position. An exemplary deployed position
is illustrated in FIG. 9 wherein a portion of shield 914 is
extended outward from contact surface 925. Optionally in
the deployed position, a needle aperture 944 is disaligned
with needle 904, for example, inhibiting extension of needle
904 past shield 914 (for example as illustrated in FIG. 13A).
Optionally when shield 914 is in a withdrawn position
aperture 944 is aligned with needle 904, for example allow-
ing extension of needle 904 (for example as illustrated in
FIG. 120).
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[0141] In some embodiments, a drive system 929 controls
movement of needle 904. Optionally, drive system 929
includes an insertion mechanism. For example an insertion
mechanism may cause a discharge tube (e.g. needle 904) to
move outward and/or to protrude outward from skin contact
surface 925 and/or to penetrate the skin of a subject.
Alternatively or additionally drive system 929 includes a
retraction mechanism that returns a discharge tube back-
wards from a protruding position towards a position behind
contact surface 925. For example, in the embodiment of
FIG. 9 a drive system 929 includes both an insertion and a
retraction mechanism.

[0142] Insome embodiments, drive system 929 includes a
path defining element. For example a track and/or a carriage
running along the track and/or a hinge and/or an axle and/or
a selective movement blocking element. For example drive
system 929 include track 907 and a carriage that runs along
the track, for example a carriage may include a needle
retainer 901. Optionally, needle retainer 901 slides along an
inner bore of track 907 defining a linear path of movement
of needle 904. For example in system 929, track 907 has a
circular bore. Optionally, rotation alignment of retainer 901
is controlled via a tab 903 of retainer 901 moving along a slit
931 in track 907. Optionally slit 931 is linear to keep retainer
901 at a fixed rotational orientation. Alternatively or addi-
tionally, a slit may include a curve and/or a selective
blocking elbow to cause rotation of a carriage and/or selec-
tively block movement of a carriage dependent on its
rotation orientation. Optionally slit 931 is blocked at a
bottom point to limit movement of needle retainer 901
and/or to limit protrusion of needle 904. Optionally, tab 903
may include an indicator of needle position. For example an
optical sensor may be used to track the position of tab 903
and/or needle 904.

[0143] Insome embodiments, drive system 929 includes a
second track 927 and carriage (e.g. driver 926). For
example, driver 926 slides over track 927 along a linear path
of movement. For example, selective movement blocking
element 942 selectively blocks downward movement of
driver 926 dependent on the rotational orientation of driver
926. Optionally, a track may define a linear and/or a curved
path of movement. In some embodiments, a needle may
have a linear and/or curved path of movement. Alternatively
or additionally, a needle may move on an arm mounted on
a pivot and/or another path determining mechanism. Alter-
natively or additionally, locking and/or facilitating and/or
limiting of movement may be controlled by mechanisms
other than rotational alignment. For example, a needle
and/or needle mount and/or needle driver and/or needle
retainer may include a locking mechanism with an elastic
element and/or a lock (for example a barb and/or an inter-
ference element).

[0144] Optionally, drive system 929 includes one or more
energy storage device and/or actuators and/or forcing ele-
ments. For example, drive system 929 includes three forcing
elements: a forced biased insertion spring 918, a backward
biased shield actuator and/or retraction spring 905 and a
manual actuator (for example a manual actuator may include
a push button 1032 as illustrated in FIG. 10). Alternatively
or additionally, an actuator and/or energy storage device
may include an elastic element and/or an electrical actuator
and/or a battery and/or a pressure reservoir and/or a pneu-
matic actuator and/or a hydraulic actuator and/or a chemical
reservoir and/or a chemically reaction driven actuator.
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[0145] In some embodiments, a drive system includes one
or more control elements. Optionally, control elements may
include interconnected moving elements that block and/or
trigger movement of a needle and/or a needle shield and/or
an actuator. A control element is optionally interconnected to
and/or responsive to a sensor. For example, control elements
may include a gear and/or a wheel and/or a friction element
and/or an interference element and/or a flange and/or a
rotating element and/or a sliding element. Alternatively or
additionally, control elements may include a switching ele-
ment and/or a logical processor. For example, a sensor may
include a mechanical sensor interlocked with a mechanical
control element. Alternatively or additionally, a sensor may
include a mechanical sensor interlocked with a logical
control element, for example a transducer and/or a proces-
sor. Alternatively or additionally a sensor may include other
forms of sensors and/or transducers for example an optical
sensor and/or a pressure transducer and/or a heat transducer.
Interconnections between control elements may include
mechanical connections, wired electrical connections, flow
paths, and/or wireless connections.

[0146] In some embodiments, drive system 929 includes
interconnected control elements. Optionally the drive ele-
ments are mechanically interlocked. For example, mechani-
cal control elements of drive system 929 include a driver
926. For example, driver 926 may be actuated by spring 918
and/or include an interference element 928. For example,
interference element 928 interconnects between needle
driver 926 and needle retainer 901. In the exemplary
embodiment, mechanical control elements of drive system
929 may be connected to and/or responsive to a mechanical
skin sensor. For example, a skin sensor may include a shield
914. Optionally, shield 914 is deployed outward from sur-
face 925 by spring 905. Optionally, shield 914 is intercon-
nected to needle retainer 901 and/or button 1032 and/or
driver 926. For example, mechanical control elements of
drive system 929 including needle retainer 901 which is
optionally biased inward from surface 925 by spring 905
may be interconnected to shield 914.

[0147] FIG. 10 is a perspective cutaway cross sectional
illustration of a mechanism holding a needle in a preacti-
vated state in accordance with an embodiment of the current
invention. In some embodiments, in the preactivated state a
sensor is activated and/or waiting to sense placement on a
surface. For example, needle shield 914 may include a
mechanical sensor that is deployed outward from surface
925 (for example as illustrated in FIG. 10). Optionally, in the
preactivated state, activation button 1032 and/or needle 904
and/or driver 926 are locked in an inactivated and/or
retracted state. For example, locking may inhibit premature
extension of needle 904.

[0148] In some embodiments, a skin sensor element (e.g.
shield 914) is interconnected to a control element and/or an
actuator of driver system 929. For example interlocking may
inhibit premature needle extension. For example, shield 914
interconnects to button 1032. For example, an interference
element (e.g. a flange 1038) is integrated to shield 914.
When shield 914 is in the deployed position, flange 1038
optionally blocks downward movement of a corresponding
interference element (e.g. protrusion 1040) integrated to
button 1032. For example, depression of button 1032 and/or
activation of the device may be inhibited until the sensor
detects placement on a surface.
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[0149] In some embodiments, in the preactivated state, a
control element is interlocked to a path defining element. For
example, an interference element of driver 926 (e.g. protru-
sion 1036) may be interlocked to a selective blocking
element 942. For example, the interlocking may inhibit
downward movement of driver 926 and/or inhibit driver 926
from pushing needle retainer 901 and/or needle 904 out-
ward. An exemplary 3-D form of protrusion 1036 is illus-
trated in more detail in FIGS. 11A and 12A. Button 1032
optionally includes a transmission element (e.g. wedge
1034) that transforms a force in a first direction on button
1032 to a force in a second direction on driver 926. For
example, a downward force on button 1032 is transformed
to a sideways force on protrusion 1036 and/or a torque on
driver 926.

[0150] In some embodiments shield 914 rotates around a
pivot 1046 for deployment away from surface 925 and/or
withdrawal towards surface 925. In some embodiments,
shield 914 includes an aperture. When shield 914 is
deployed aperture 944 is optionally misaligned with needle
904 such that the point of needle 904 is blocked by shield
914.

[0151] FIGS. 11A-11C are a perspective cutaway and
cross sectional illustrations of a needle mechanism in a
primed state in accordance with an embodiment of the
current invention. In some embodiments, placing a preacti-
vated drug delivery device against a surface primes the
device. For example, placing contact surface 925 against the
skin causes a skin sensor to register the skin and/or prime the
device. For example, in the preactivation state, when surface
925 is placed against a surface, shield 914 is collapsed
inward towards surface 925 from a deployed state optionally
compressing spring 905 (for example as illustrated in FIG.
10). For example in FIG. 11B, shield 914 is illustrated
collapsed. In some embodiment, shield 914 moves by rota-
tion 1046 approximately 10 degrees around axis. Optionally
in the collapsed state the outer surface of shield 914 is
approximately flush with surface 925. For example, collapse
of shield 914 causes flange 1038 to move out of the way of
protrusion 1040 allowing button 1032 to be depressed.
Optionally, depressing button 1032 releases a control ele-
ment automatically activating the device. In some embodi-
ments, rotation of a shield may range between 0 to 10
degrees and/or between 10 to 30 degrees and/or between 30
to 60 degrees and/or between 60 to 90 degrees and/or
between 90 to 120 degrees and/or between 120 to 180
degrees.

[0152] In some embodiments, a transmission element of
an actuator is aligned with an interference element of a
control element. For example, in a primed state, wedge 1034
of button 1032 is aligned with protrusion 1036, for example
as illustrated in FIG. 11A. Optionally, depressing button
1032 will push wedge 1034 against protrusion 1036. As
wedge 1034 is pushed against protrusion 1036, it optionally
transmits a lateral force onto protrusion 1036. For example,
the lateral force may cause a torque on driver 926 (for
example due to the force couple between the driving force
of wedge 1034 on protrusion 1036 and the counter force of
track 927). The torque will optionally rotate driver 926
around track 927. Rotating driver 926 optionally disengages
protrusion 1036 from blocking element 942, for example as
illustrated in FIGS. 11A-11C.
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[0153] In some embodiments, rotating drive 926 aligns an
interference element 928 with a corresponding interference
element 1130 on needle retainer 901, for example as illus-
trated in FIG. 11C.

[0154] In some embodiments, a drug discharge device
includes an upper housing. For example, a portion of an
upper housing 1124 is illustrated in FIG. 11B. Optionally a
needle driver system may be completely surrounded by base
924 and/or upper housing 1124.

[0155] FIGS. 12A-12D are perspective cutaway and cross
sectional illustrations of a needle mechanism in an activated
and/or extended state in accordance with an embodiment of
the current invention. In some embodiments, a user activates
a device from a primed state to an active state. For example,
by a user depressing button 1032, driver 926 is rotated,
aligning interference element 928 of driver 926 with inter-
ference element 1130 of needle retainer 901 and/or disen-
gaging protrusion 1036 from selective blocking element
942. When protrusion 1036 is disengaged from selective
blocking element 942, spring 918 pushes driver 926 down-
ward. As driver 926 moves downward interference element
928 optionally engages interference element 1130 and/or
drives needle retainer 901 downward and/or extends needle
904 outward. Optionally driver 926 is held down by spring
918. Optionally, while shield 914 is in the withdrawn
position and driver 926 is in the extended position, driver
926 is prevented from disengaging from needle retainer 901.

[0156] In some embodiments, in the active stage needle
904 is locked in the extended position. For example, needle
904 may extend into the skin of a subject and/or act as a fluid
path for discharging the drug into the subject. Optionally,
needle 904 may be locked in the extended position by driver
926. For example, interference element 928 may remain
engaged to interference element 1130 preventing upward
movement of needle retainer 901 and/or retraction of needle
904. For example, while shield 914 is in the withdrawn
position, shield 914 engages protrusion 1036 and/or pre-
vents driver 926 from rotating. As long as driver 926 is
prevented from rotating, interference element 928 of driver
926 optionally remains engaged with interference element
1130 of needle retainer 901, for example as illustrated in
FIG. 12A.

[0157] In some embodiments, while shield 914 is in the
withdrawn position, aperture 944 is aligned with needle 904
allowing needle 904 to extend out aperture 944 as is illus-
trated for example in FIGS. 12B-12C.

[0158] FIG. 12A illustrates an optional interference ele-
ment (e.g. a flange 1248) on needle retainer 901. Optionally,
needle shield 914 includes an interference element (e.g. a
lug 1238). For example, when shield 914 is in a withdrawn
position (for example as illustrated in FIG. 12C) lug 1238 is
not aligned with flange 1248. For example, when shield 914
is in a deployed position (for example as illustrated in FIG.
13A) lug 1238 is aligned with flange 1248.

[0159] FIGS. 13A-13C are perspective cutaway illustra-
tions of a mechanism holding a needle in an intermediate
state in accordance with an embodiment of the current
invention. In some embodiments, when the base 924 is
removed from an injection surface (e.g. the skin of a
subject), shield 914 moves outward to the deployed position.
For example shield 914 pivots outward around pivot 1046.
Optionally outward movement of shield 914 facilitates
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retraction of needle 904. Additionally or alternatively,
needle may partially retract and/or be held in a stable
partially retracted position.

[0160] In some embodiments, in the active state, driver
926 is biased to disengage from needle retainer 901. For
example, in the active state driver 926 is biased to rotate by
the force of spring 905 against the angled interface between
interference element 928 and interference element 1130. In
the active state disengagement is optionally blocked by
interference between shield 914 and protrusion 1036, for
example as explained in regards to FIG. 12A and as illus-
trated in FIG. 15.

[0161] In some embodiments, deploying of shield 914
from a withdrawn state in an active state to a deployed state
(for example by removing the injector from the skin of a
subject) unlocks needle 904 and/or or facilitates needle
retraction. Optionally, deploying shield 914 from the active/
withdrawn state frees driver 926 to rotate. For example, as
illustrated in FIGS. 12A and 15, in the active state, shield
914 interferes with movement of protrusion 1036 and/or
inhibits rotation of driver 926. Optionally, as can be seen for
example in FIGS. 13A and 16, when shield 914 is deployed,
the body of shield 914 is distanced from protrusion 1036
enough to not interfere with rotation and/or to allow rotation
of protrusion 1036 and/or driver 926.

[0162] Optionally, when driver 926 rotates from the active
position (for example of FIG. 15) to the partial retracted
position (for example of FIG. 16) interference elements 928
and 1130 disengage. Disengaging interferences element 928
allows interference element 1130 and/or needle retainer 901
and/or needle 904 to move inward (e.g. retract).

[0163] In some embodiments, while shield 914, is in the
deployed position, needle 904 retracts to and/or is held in the
partially retracted position. For example as illustrated in
FIG. 13B, shield 914 may be integrated to an interference
element or flange (e.g. lug 1238). When shield 914 is
deployed, interference lug 1238 optionally blocks a retrac-
tion path of needle 904. For example, lug 1238 blocks
retraction of needle 904 before it reaches a fully retracted
position (for example before it reaches the fully retracted
state illustrated in FIGS. 9-11C). For example, as needle 904
retracts flange 1248 contacts lug 1238 stopping retraction in
the partially retracted state. Optionally, while shield 914
remains in the deployed state, needle 904 is held stable in the
partially retracted state.

[0164] In some embodiments, in the deployed position,
shield 914 covers a tip of needle 904. For example, in the
deployed position aperture 944 may be misaligned with
needle 904 (for example as illustrated in FIGS. 13A and
13C). For example, in the extended and/or partially retracted
position, needle 904 may block shield 914 from withdraw-
ing from the deployed position to the withdrawn position.
Optionally, shield 914 may be positioned very close to the
tip of needle 904. For example, close positioning of shield
914 over needle 904 may inhibit insertion of a finger
between shield 914 and needle 904 may inhibit a stick
hazard.

[0165] Optionally, for example as illustrated FIG. 13C, in
the intermediate state a portion of needle 904 may extend out
of base 924. For example, in the intermediate state needle
904 may protrude from base 924 less than in the active state.
Optionally, in the intermediate state the needle may be
protected, for example by shield 914.
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[0166] FIG. 14 is a perspective cutaway illustration of a
mechanism holding a needle in a retracted state in accor-
dance with an embodiment of the current invention. In some
embodiments, disturbing shield 914 in the deployed position
may cause needle 904 to collapse from an intermediate
position to a further and/or fully retracted position. For
example when shield 914 moves, flange 1038 may disen-
gage from flange 1248. Disengagement of flange 1038 from
flange 1248 may allow needle 904 to retract. Optionally,
retraction may be driven by an actuator, for example spring
905. Alternatively or additionally, needle 904 may be freed
to retract such that collapse of shield 914 from the deployed
to the withdrawn position may push needle 904 and or
further retract the needle. For example, shield 914 is pushed
towards base 924 ncedle 904 may retract to a protected
position inside of housing 1124.

[0167] FIG. 15 is a perspective cutaway illustration of a
needle mechanism in an activated state in accordance with
an embodiment of the current invention. Optionally in the
activated state, needle 904 is held in an extended state by
needle holder 901. For example, needle holder 901 is held in
the extended position by contact between an interference
elements on driver 926 (e.g. interference element 928) and
retainer 901 (e.g. interference element 1130). In turn, driver
926 is optionally held extended towards the base of the
device by an actuator (e.g. spring 918). Interference element
928 optionally is kept engaged with interference element
1130 by interference between a protrusion 1036 on driver
926 and shield 914 (e.g. protrusion 1040 and the portion of
shield 914 to which it is attached).

[0168] FIG. 16 is a perspective cutaway illustration of a
mechanism holding a needle in an intermediate state in
accordance with an embodiment of the current invention. In
some embodiments, when the device is removed from a
surface, shield 914 pivots outward. Movement of shield 914
optionally allows further retraction of needle 904. For
example, pivoting of shield 914 ends interference between
protrusion 1036 and the extension of shield 914. Without
interference between protrusion 1036 and shield 914, driver
926 optionally rotates. For example, as illustrated in FIG.
16, rotation of driver 926 disaligns interference element 928
from interference element 1130 optionally allowing inter-
ference element 1130 and/or needle retainer 901 and/or
needle 904 to retract. Optionally, needle retraction is stopped
at an intermediate position for example as described above
with respect to FIG. 13C, by interference between flange
1248 of needle retainer 901 and lug 1238 of shield 914.

[0169] FIG. 17 is a perspective cutaway illustration of a
mechanism holding a needle in an extended state in accor-
dance with an embodiment of the current invention.

[0170] FIG. 18 is a perspective cutaway illustration of a
mechanism holding a needle in an intermediate state in
accordance with an embodiment of the current invention.

[0171] FIG. 19 is a perspective cutaway illustration of a
mechanism holding a needle in an intermediate state in
accordance with an embodiment of the current invention. In
some embodiments needle shield 914 may include an aper-
ture 944. Optionally when shield 914 is deployed, aperture
944 is disaligned with needle 904. For example, outward
movement of needle 904 is blocked by shield 914 in the
deployed position. Alternatively or additionally, in the par-
tially retracted position, needle 904 may be locked, inhib-
iting outward movement.
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[0172] In some embodiments, base 924 includes an open-
ing 1944. Optionally in the withdrawn position, needle
shield 914 covers opening 1944. For example in the with-
drawn position, the outer surface of shield 914 may be
approximately flush with surface 925. Alternatively or addi-
tionally, a base may have an indentation and/or shield 914 in
the withdrawn position may fit into an indentation that does
not penetrate through the base.

[0173] FIG. 20 is a schematic illustration of dual needle
shields in accordance with an embodiment of the current
invention. In some embodiments, a second needle shield
may be used to fortify a first shield against movement due
to external forces and/or to block access to a stick hazard.
For example, a primary shield 20144 may cover a stick
hazard. A secondary shield 20145 may prop up primary
shield 2014a and/or block an opening between shield 2014a
and a base 2024 of the device.

[0174] In some embodiments, a primary shield may rotate
around a first axis 20464. Optionally a secondary shield may
rotate around a second access 20465. For example, shield
2014a may lie in a withdrawn state over needle 2004 in a
retracted state and may open by movement to an acute angle
(e.g. counter clockwise in FIG. 20) overlying needle 2004.
Alternatively or addition, shield 2014¢ may have a with-
drawn position flat against base 2024, but not overlying the
needle and/or may open (e.g. clockwise in FIG. 20) to an
obtuse angle overlying needle 2004. For example, shield
20145 may lie in a withdrawn state not overlying needle
2004 in a retracted state. For example needle shield 20145
may open to an obtuse angle (e.g. counter clockwise in FI1G.
20). Alternatively or addition, shield 20145 may have a
withdrawn position overlying the needle and/or may open
(e.g. clockwise in FIG. 20) to an acute angle.

[0175] FIGS. 21A and 21B are schematic illustrations of
needle protection mechanism including a translating needle
shields in accordance with an embodiment of the current
invention. In some embodiment, a needle shield may include
a translating part. For example a sleeve 21145 may deploy
by translating parallel to the axis of a needle. For example,
sleeve 21145 may deploy by translating outward from a base
2124 to cover a needle. For example, shield 21145 deploy at
the end of delivery of a drug and/or when the device is
removed from the subject. Optionally sleeve 21146 may
partially surround needle 2104. For example, as shown in
FIG. 21B, shield 21144 surrounds needle 2104 on three
sides. Alternatively or additionally, a sleeve may entirely
surround a needle and/or shield a needle from one side. In
some embodiments shield 21145 may lock open. Alterna-
tively or additionally, shield 21145 may lock to needle 2104.
For example when shield 21145 is locked to needle 2104,
moving shield 21145 may also move needle 2104. For
example, forcing shield 21145 inward (e.g. towards its
withdrawn position) may also force needle 2104 inwards
and/or retract needle 2104. Alternatively or additionally
compromising shield 21145 (e.g. applying a force to shield
21145) may trigger automatic retraction of needle 2104. In
some embodiments a system with a translating shield 21144
may also include a pivoting shield 2114a, for example
pivoting around a pivot 2146. Alternatively or additionally,
atranslating shield 21145 shields a needle without a pivoting
shield. For example, shield 21145 may be pushed downward
by a spring and/or pulled down by shield 2114a.

[0176] FIG. 22 is an illustration of a needle point protec-
tion device with a protrusion blocking a path to a needle
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point in accordance with an embodiment of the current
invention. In some embodiments, a protection device may
leave a path of access to a sharp hazard. For example, a
needle shield 2214 may deploy shielding a needle point (for
example such that the needle point is located between shield
2214 and a housing of the device (for example a base 2224)).
In some embodiments a gap 2291 provides a path of access
to the needle point and/or a path for potential exposure to the
hazard. Optionally, a protrusion (for example protrusions
2293a and/or 2293b) blocks gap 2291. For example, pro-
trusions 2293a and/or 22935 may be deployed and/or with-
drawn.

[0177] In some embodiments, a protrusion may be
deployed with a needle shield. For example, protrusion
2293q is integral to and/or connected to shield 2214 such
that deploying shield 2214 to cover a tip of needle 904
automatically deploys protrusion 2293a to at least partially
block gap 2291. Optionally a channel 2244 may be provided
into which protrusion 2293q fits when it is withdrawn. For
example, when shield 2214 is withdrawn, protrusion 2293a
fits into channel 2244 in base 2224. Optionally, withdrawing
shield 2214 and/or protrusion 2293« avoids interference by
the shield with the functioning of the device. For example,
when the device is active, shield 2214 is flush with base
2224 and/or protrusion 2293« is inserted into channel 2244
such that in the withdrawn state shield 2214 and/or protru-
sion 22934 do not interfere with contact between the outer
side of base 2224 and the skin of the subject.

[0178] In some embodiments a path to a hazardous com-
ponent may be blocked by a protrusion extending from a
housing of a device. For example, protrusion 22935 at least
partially blocks gap 2291. Optionally, multiple protrusions
2293a and 2293b may cooperate and/or intermesh to block
gap 2291. In some embodiments, protrusion 22935 may be
withdrawable. For example, when a device is placed on the
skin of a user and/or in an active mode, protrusion 22935
may withdraw into base 2224, facilitating contact between
base 2224 and the skin of a user. Optionally, when the device
is removed protrusion 2293a deploys.

[0179] In some embodiments, a protrusion may include a
sensor. Optionally, protrusion 22935 may sense a distance
between base 2224 and a skin of a user (for example the
distance may be the shortest distance from the base to a
contact point on the sensor for example for shield 914 the
distance to the skin may be operationally measured as the
distance from the distance from the far end of shield 914
[opposite pivot 1046] to base 924 along a line perpendicular
to the plane of base 924). For example, protrusion may be
biased outward and/or be pushed inward by skin as base
2224 is placed on the skin. Optionally, a sensor (for example
a linear gauge sensor) measures the distance that protrusion
22935 protrudes from base 2224. That distance may be a
measure of the distance from a skin of the user. Optionally,
protrusion withdraws when the device is placed straight onto
skin, but locks when a force is applied towards needle 904.
For example, if a user tries to push his finger in to gap 2291
towards needle 904, he will push protrusion 22935 right-
ward. The rightward force optionally locks protrusion 22936
in the protruding state. For example, the protrusion 22935
may be locked in the protruding state by a ratchet 2297
and/or a pivot 2246. For example, pivot 2246 may be biased
clockwise, disengaging ratchet 2297 unless a significant
force is applied rightward. Alternatively or additionally,
pivot 2246 may allow protrusion 22935 to collapse in one
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direction (for example clockwise) which is not associated
with a hazard (for example a finger penetrating gap 2291)
and/or not in a second direction (for example counter
clockwise) that is associated with a finger penetrating gap
2291.

[0180] FIG. 23 is a schematic illustration of a needle
protection device with a linear deploying needle shield in
accordance with an embodiment of the present invention.
Optionally a shield 2314 includes a tubular body and a
locking mechanism (for example barbs 2397). Optionally, at
the end of injection and/or when the device is removed from
the skin of a recipient, an actuator (for example spring 2318)
pushes shield 2314 out through needle hole 2344 in base
2324. For example, barbs 2397 lock shield 2314 in an
extended position shielding needle 904.

[0181] FIGS. 24A-24C are schematic illustrations of a
needle safeguarding mechanism in accordance with an
embodiment of the current invention. In some embodiment,
a base includes a skin contact surface 2424. Optionally the
base may also include an indentation 2414. Optionally, in
some states a needle 2404 may be completely retracted into
a housing of the device. For example, as illustrated in FIG.
24C, needle 2404 may be retracted behind base 2424 includ-
ing indentation 2414. Optionally in an intermediate state,
needle 2404 may project out from the inside of the housing
to outside the housing through an opening 2444a of the base,
but remain protected inside indentation 2414 on the outside
of the housing, for example as illustrated in FIG. 24A.
Optionally, in a fully extended state (for example as illus-
trated in FIG. 24B, the needle may extend out beyond skin
contact surface 2424 and into a skin 2487 of a subject.
[0182] In some embodiments, an injector may have a
preactivated and/or a primed state with needle 2404 in an
intermediate position (for example as illustrated in FIG.
24A). For example, in a preactivated state, a tip of needle
2404 may be protected inside indentation 2414. Optionally
in the preactivated state the needle tip may be further
protected by an adhesive cover that covers the gap in skin
contact surface 2424 over indentation 2414. Alternately or
additionally, a needle may initially be covered by another
needle cap. For example, a conventional tubular needle
cover may be positioned over the needle. Optionally, the
needle cap may be pulled off before use. Optionally the
device is primed by removing the adhesive cover and/or
needle cap and placing contact surface 2424 against skin
2487.

[0183] Insome embodiments, the needle may be extended
out of indentation 2414 into a subject in an activated state
(for example as illustrated in FIG. 24B). For example, while
the needle 2404 remains inside skin 2487, needle 2404 may
be used to inject a drug into the subject.

[0184] In some embodiments, at the end of the activated
state, needle 2404 may be retracted. For example, when drug
discharge ends and/or when the device is removed from skin
2487, needle 2404 is retracted to a fully retracted position,
for example as illustrated in FIG. 24C.

[0185] In some embodiments, needle 2404 may be in a
fully retracted position before injection. In some embodi-
ments, needle 2404 may be retracted to an intermediate
position after injection.

[0186] In various embodiments, an indentation may have
various geometries. For example an indentation may be
semi-spherical and/or conical and/or semi ovoid and/or
irregular in shape. For example an indentation may have one
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or more axis of symmetry. In some embodiments, an inden-
tation may intersect an edge of the device and/or be open one
or more sides. Optionally the depth of an indentation (for
example the height of indentation 2414 in the direction of
the axis of needle 2404) may range between 0.1 mm to 1 mm
and/or 1 mm to 3 mm and/or 3 mm to 8 mm and/or more
than 8 mm. The a width of an opening 24445 of indentation
2414 at a skin contact surface may range for example
between 0.1 to 1 mm and/or between 1 to 5 mm and/or
between 5 to 10 mm and/or from 10 to 30 mm and/or more.
The a width of a needle hole (for example opening 2444a
and/or 944) may range for example between 0.1 to 1 mm
and/or between 1 to 5 mm and/or between 5 to 10 mm and/or
from 10 to 30 mm and/or more.

[0187] FIGS. 25A-25B are schematic illustrations of a
rack and pinion needle safeguarding mechanism in accor-
dance with an embodiment of the present invention. Option-
ally, during injection an opening 2544 in a sliding shield
2514 is aligned with an opening 1944 in a base 2524 of a
device. For example, a rack and pinion system 2546, option-
ally including a one way ratchet, slides shield 2514 when a
pivoting shield 2514 opens (for example when the device is
removed from the skin of a user) shield 2514 slides dis-
aligning openings 1944 and 2544 and/or locking needle 904
into a housing. In some embodiments a rack and pinion
system may unlock a needle before deployment and/or close
onto (to bend and/or twist and/or break a needle after drug
discharge).

[0188] FIGS. 26A, 26B and 26C illustrate an exemplary
embodiment of a needle mechanism in accordance with an
embodiment of the present invention. Optionally a needle
mechanism has redundant protection. For example, a needle
shield may protect a needle tip from becoming a stick
hazard. Alternatively or additionally, the needle tip may be
retracted to a protected location. Alternatively or addition-
ally, a sensor may prevent extension of needle until the
device has been properly primed and/or positioned on an
injection zone. Alternatively or additionally, a needle shield
may protect (for example by shielding) the needle tip when
the needle is extended. Alternatively or additionally, the
needle tip may be retracted to a protected location when the
needle shield is compromised. In some embodiments, a
single part may serve multiple functions. For example, a
needle shield may also serve as a sensor for facilitating
extension and/or retraction of the needle.

[0189] FIG. 26A is a perspective view of a needle mecha-
nism in a preactivated locked state in accordance with an
embodiment of the present invention (optionally as
described for example in FIG. 6 state 622). Optionally a
hollow needle 2604 (for example as illustrated in FI1G. 26C)
is connected on one end to a drug reservoir (for example by
a flexible tube 2659 alternatively or additionally a needle
may be directly attached to a reservoir for example to a
syringe). The needle 2604 optionally includes a sharp tip
2609 at an end opposite from the reservoir.

[0190] In some embodiments, depressing an activation
button 2632 causes needle tip 2609 to extend out of the
device. For example, when the device is in the preactivated
state and/or when the device is attached to the skin of a
subject the activation. For example, activation may include
the needle tip 2609 piercing the skin of a subject and/or the
hollow of needle 2604 may form a fluid pathway between
the drug reservoir and the subject.
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[0191] In some embodiments, in the preactivated, locked
state, tip 2609 is shielded by a housing of the device. For
example, tip 2609 is supported on an inner side 2623 of a
wall (for example base 2624) of the housing. Optionally a
safety latch 2638 of a skin sensor 2614 locks button 2632 in
an un-depressed position inhibiting premature extension of
tip 2609 and/or preventing a stick hazard. For example,
when skin sensor 2614 is extended out from an outer surface
2625 of base 2624, latch 2638 may block movement of an
interference element 2640 and/or latch 2638 may block
depressing of button 2632.

[0192] FIG. 26B is a perspective view of a needle mecha-
nism in a primed unlocked state in accordance with an
embodiment of the present invention (optionally as
described for example in FIG. 6 state 614). In some embodi-
ments, when the outer surface 2625 of base 2624 is pushed
against the skin of a subject (for example at an injection
site), sensor 2614 is pushed upwards towards base 2624.
Optionally, pushing sensor 2614 towards base 2624 causes
sensor 2614 and/or latch 2638 to pivot around a hinge 2646.
Pivoting optionally moves latch 2638 out of the way of
interference element 2640 and/or facilitates depressing but-
ton 2632.

[0193] In some embodiments, depressing button 2632
triggers an automatic needle insertions mechanism for
example as illustrated in FIG. 26C to FIG. 28C. Alterna-
tively or additionally, force on button 2632 directly pushes
needle 2626. For example, needle 2604 may be rigidly
attached to button 2632 and/or move therewith.

[0194] FIG. 26C is a cutaway view of a needle mechanism
in accordance with an embodiment of the current invention.
In some embodiments, a needle mechanism may include one
or more stored energy sources. Stored energy may be used
for needle extension, protection and/or for sensing. Option-
ally, one or more components of a needle retraction system
will serve different functions depending on the state of the
system. Optionally, the needle retraction system movable
mounts needle 2604 a housing (for example a base 2624).
For example, the needle mechanism may movably connect
needle 2604 to base 2624. For example, a tip 2609 of a
needle 2604 may move longitudinally with respect to the
housing. For example, a sharp tip 2609 may move through
a needle hole 2644 to be exposed and/or protected, for
example as described herein below.

[0195] Insome embodiments, needle extension, retraction
and/or shielding may be driven by a stored energy source.
For example, a compression spring 2618 may drive the
needle extension. For example, a second counter compres-
sion spring 2605 may drive needle retraction. For example,
a torsion spring 2647 may drive deployment of a skin sensor
2614. Optionally sensor 2614 may serve multiple functions
at different states of the system. For example, sensor 2614
may act as a skin sensor to unlock needle extension when the
device is placed on an injection site. For example, sensor
2614 may act as a needle shield protecting a sharp needle
point after the end of drug delivery and/or while the needle
is extended. For example, sensor 2614 may act as a trigger
needle for retraction. Optionally, a single stored energy
device may drive multiple movements. For example, a
single torsion spring may drive a wheel wherein a first half
turn causes needle extension and a second half turn causes
needle retraction and/or a compression spring may pull a pin
along a track which moves the needle first to the extended
position and subsequently back to the retracted position.
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[0196] In some embodiments, sensor 2614 may be
mechanically interlocked with a needle extension mecha-
nism (for example button 2632 as illustrated for example in
FIGS. 26 A and 26B). For example, the interlock may unlock
a needle extension mechanism when the injector in a locked
preprimed state is placed on an injection site, for example as
explained in reference to FIGS. 26A and 26B.

[0197] In some embodiments, sensor 2614 may shield a
needle. For example, after drug delivery and/or when the
delivery device is removed from the injection site, sensor
2614 may be deployed to shield a needle (as illustrated for
example in FIGS. 29A-29C and/or in connection to a
shielded state in FIG. 5 and/or in connection to a partially
protected state and/or in connection to FIGS. 13A-13C).
[0198] FIGS. 27Ato 27C illustrate a needle assembly in a
primed state in accordance with an embodiment of the
current invention. In some embodiments, a skin contact
surface on an outer surface 2625 of the injector is adhered
to the skin of a subject. Optionally, placing the skin contact
surface onto the skin forces pushes sensor 2614 and/or
pivots it upward around pivot 2646. Optionally, sensor
against moves upward until is rests against and/or is flush to
outer surface 2624. Optionally, as sensor 2614 pivots
upward, safety latch 2638 pivots away from activation
button 2632, freeing button 2632 to move downward.
Optionally, freeing button 2632 to move downward, primes
the device.

[0199] FIG. 27B illustrates a needle insertion mechanism
in a primed state in accordance with an embodiment of the
present invention. In some embodiments, needle insertion
may be powered by stored energy in the device. For
example, spring 2618 pushes downward on a needle holder
2601 rigidly connected to the needle 2604. In the primed
state, the needle 2604 is optionally locked in a retracted
position by a pin 2736 in a track 2707b. A slanted track
27426 in button 2632 optionally controls the horizontal
position of pin 2736. As button 2632 is depressed (vertically
downward) pin 2736 is optionally forced by slanted track
27425 leftward (e.g. by rotating needle holder 2601).
[0200] FIG. 27C illustrates a needle retraction mechanism
in a primed state in accordance with an embodiment of the
present invention. In some embodiments, needle retraction
may be powered by stored energy in the device. For
example, spring 2605 (for example as illustrated in FIG.
26C) pushes upward on a retraction slider 2626. Slider 2626
optionally includes two pins 2738 and 2740. In the primed
state, slider 2626 is optionally locked in a pre-retracted
position by a pin 2740 in a track 2707a. A slanted track
27426 in button 2632 optionally controls the horizontal
position of pin 2736. As button 2632 is depressed (vertically
downward) a second pin 2738 is optionally forced by slanted
track 2742a rightward (rotating slider 2626 and/or pin 2740
rightward).

[0201] FIGS. 28Ato 28C illustrate a needle assembly in an
activated state in accordance with an embodiment of the
current invention. In some embodiments, a user depresses an
activation button 2632 to activate the device. For example,
as illustrated in FIG. 28B, when button 2632 is fully
depressed, track 27425 has forced pin 2736 leftward until it
has reached a vertical portion of track 270754. In some
embodiments, once pin reaches the vertical portion of track
27075, it is free to move downward, unlocking downward
movement of needle holder 2601. Optionally, once unlocked
needle holder 2601 and needle 2604 are pushed downward
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by expanding spring 2618. Downward movement optionally
extends sharp tip 2609 (illustrated for example in FIG. 26C)
of needle 2604 out openings 944 and 2644 in base 2624
and/or shield 2614 respectively.

[0202] In some embodiments, needle tip 2609 is extended
out of opening 2644 of base 2624 and/or opening 944 of
sensor 2614 while outer surface 2625 of base 2624 is
adhered to a skin of a subject. Optionally, an opposite end of
needle 2604 remains in fluid connection with a medicine
reservoir inside the housing of the delivery device. For
example the hollow of needle 2604 becomes a fluid path for
injecting a drug from the reservoir into the subject.

[0203] FIG. 28C illustrates a needle retraction mechanism
in an active state in accordance with an embodiment of the
current invention. Optionally, when the device is activated
(for example by depressing activation button 2632) the
retraction mechanism is moved to an armed mode, ready to
retract. For example, pin 2740 is moved close to its unlocked
position, the vertical portion of track 2707a. Alternatively or
additionally, a retraction mechanism may be armed and/or
further armed to a ready to retract configuration when the
device is removed from the skin for example when skin
sensor 2614 is deployed (for example as illustrated in FIGS.
29A-C).

[0204] In some embodiments, a lock of the retraction
mechanism is a mechanically linked to skin sensor 2614. For
example, pin 2740 interferes with an arm 2737 of skin
sensor 2614. For example, in FIG. 28B it is seen that in the
active state, pin 2640 contacts a arm 2737 of sensor 2614
and/or elastically deforms arm 2737 outward.

[0205] FIGS. 29A-29C illustrate a needle retraction
mechanism in a partially protected state in accordance with
an embodiment of the current invention (for example as
described in state 605 of FIG. 6 and/or step 308 of FIG. 3).
Optionally, in the partially protected state, needle 2604
remains in an extended state and/or sensor 2614 is deployed
to shield sharp tip 2609. Optionally, a skin sensor is
deployed when a delivery device is removed from delivery
site. For example, sensor 2614 pivots around pivot 2646
such that sensor 2614 covers the sharp tip 2609 that passes
through aperture 944 which is moved out of alignment with
sharp tip 2609.

[0206] FIGS. 30A-30C illustrate a needle retraction
mechanism in a fully protected state in accordance with an
embodiment of the current invention (for example as
described in state 604 of FIG. 6 and/or step 305 of FIG. 3).
Optionally, in the fully protected state sharp tip 2609 has
retraced behind outer surface 2625 (for example into open-
ing 2644). Alternatively or additionally, in the fully pro-
tected state a sharp tip retracts behind the surface 2625.
[0207] In some embodiments, when a needle shield is
compromised, a needle is retracted. For example, when skin
sensor 2614 is moved from the partially protected state
shielding sharp tip 2609 towards housing 2624 (for example,
pivoting upward around pivot 2646) arm 2737 pushes pin
2740 into the vertical portion of track 27074 unlocking
needle retraction slider 2626. When slider 2626 is unlocked,
it is optionally moved automatically away from opening
2644. For example, spring 2605 expands pushing up slider
2626, needle holder 2601 and/or needle 2604. Optionally,
the upward movement also moves sharp tip 2609 into the
retracted position and/or a fully protected state. Alterna-
tively or additionally, retraction may not be automatic. For
example retraction may be driven by a force, for example an
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upward force of sensor 2614 on needle tip 2609 and/or
holder 2601 and/or slider 2626.

[0208] It is expected that during the life of a patent
maturing from this application many relevant technologies
will be developed and the scope of the terms are intended to
include all such new technologies a priori.

[0209] As used herein the term “about” refers to +5%.
[0210] The terms “comprises”, “comprising”, “includes”,
“including”, “having” and their conjugates mean “including
but not limited to”.

[0211] The term “consisting of” means “including and
limited to”.
[0212] The term “consisting essentially of” means that the

composition, method or structure may include additional
ingredients, steps and/or parts, but only if the additional
ingredients, steps and/or parts do not materially alter the
basic and novel characteristics of the claimed composition,
method or structure.

[0213] As used herein, the singular form “a”, “an” and
“the” include plural references unless the context clearly
dictates otherwise. For example, the term “a compound” or
“at least one compound” may include a plurality of com-
pounds, including mixtures thereof.

[0214] Throughout this application, various embodiments
of this invention may be presented in a range format. It
should be understood that the description in range format is
merely for convenience and brevity and should not be
construed as an inflexible limitation on the scope of the
invention. Accordingly, the description of a range should be
considered to have specifically disclosed all the possible
subranges as well as individual numerical values within that
range. For example, description of a range such as from 1 to
6 should be considered to have specifically disclosed sub-
ranges such as from 1 to 3, from 1 to 4, from 1 to 5, from
2 to 4, from 2 to 6, from 3 to 6 etc., as well as individual
numbers within that range, for example, 1, 2, 3, 4, 5, and 6.
This applies regardless of the breadth of the range.

[0215] Whenever a numerical range is indicated herein, it
is meant to include any cited numeral (fractional or integral)
within the indicated range. The phrases “ranging/ranges
between” a first indicate number and a second indicate
number and “ranging/ranges from” a first indicate number
“to” a second indicate number are used herein interchange-
ably and are meant to include the first and second indicated
numbers and all the fractional and integral numerals ther-
ebetween.

[0216] It is appreciated that certain features of the inven-
tion, which are, for clarity, described in the context of
separate embodiments, may also be provided in combination
in a single embodiment. Conversely, various features of the
invention, which are, for brevity, described in the context of
a single embodiment, may also be provided separately or in
any suitable subcombination or as suitable in any other
described embodiment of the invention. Certain features
described in the context of various embodiments are not to
be considered essential features of those embodiments,
unless the embodiment is inoperative without those ele-
ments.

1-54. (canceled)

55. A needle insertion and retraction mechanism for an
injector having a housing with a base defining an opening,
the needle insertion and retraction mechanism comprising:

an injection needle mounted to a needle retainer, the

needle retainer being linearly slidable along a first track
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between a retracted position, in which a tip of the
injection needle is within the housing, and an extended
position, in which the tip of the injection needle proj-
ects outward from the housing through the opening;

a shield defining a needle aperture and having an inter-

ference element extending therefrom, the shield being
movable relative to the housing between a deployed
position, in which the needle aperture is misaligned
with the injection needle and a withdrawn position, in
which the needle aperture is aligned with the injection
needle;

a retraction spring engaged with the needle retainer at one

end and engaged with the shield at an opposing end;

a driver engageable with the needle retainer, the driver

being linearly slidable along, and rotatable about, a
second track, the driver being slidable by a main spring,
the retraction spring and the main spring providing
biasing forces in opposing directions; and

an activation button depressible to rotate the driver about

the second track into engagement with needle mount;
wherein:

in a pre-activation state of the insertion and retraction

mechanism before the injector is placed on a skin
surface of a patient, the biasing force of the retraction
spring orients the shield in the deployed position, in
which the interference element blocks downward
movement of the activation button, locking the needle
retainer and the injection needle in the retracted state,
and the retraction spring is in an expanded configura-
tion and the main spring is in a compressed configu-
ration;

in a primed state of the insertion and retraction mecha-

nism, the injector is placed on the skin surface of the
patient and the shield is moved to the withdrawn
position thereof, in which the retraction spring is par-
tially compressed and the interference element is
moved out of the way of the activation button;

in an activation state of the insertion and retraction

mechanism, the activation button is depressed, engag-
ing the driver with the needle mount and freeing the
main spring to push the driver and the engaged needle
retainer and the injection needle into the extended
position, thereby further compressing the retraction
spring; and

in an intermediate state of the insertion and retraction

mechanism after the injector is removed from the skin
surface of the patient, the driver is disengaged from the
needle mount, and the retraction spring partially
expands and returns the shield to the deployed state, in
which the shield restricts the needle mount from return-
ing to the retracted position and covers the tip of the
injection needle, and wherein subsequent contact with
the shield toward the withdrawn position releases the
needle mount, whereby the retraction spring further
expands and retracts the needle mount and injection
needle.

56. The mechanism of claim 55, wherein the tip of the
injection needle is positioned between said shield and said
housing in the intermediate state.

57. The mechanism of claim 55, wherein said contact with
the shield toward the withdrawn position in the intermediate
state comprises exerting a force of at least 1 N on said shield.

58. The mechanism of claim 57, wherein said force is at
least partially directed toward said housing.



US 2019/0160230 Al

59. The mechanism of claim 55, wherein said shield is
pivotally mounted on said housing and in the deployed
position said shield is pivoted away from said housing.

60. The mechanism according to claim 55, wherein said
shield is flush with said housing in the withdrawn position.

61. The mechanism of claim 55, wherein said shield is
biased toward said deployed position by the retraction
spring.

62. The mechanism of claim 55, wherein the retraction
spring maintains the needle retainer in the retracted position
at one end and the shield in the deployed position at the other
end, in a fully expanded configuration of the retraction
spring.

63. The mechanism of claim 55, further comprising a
blocking element and wherein the driver includes a protru-
sion, and wherein, in the compressed configuration of the
main spring, the protrusion of the driver is abutted by the
blocking element, maintaining the main spring in the com-
pressed configuration and inhibiting downward movement
of driver.

64. The mechanism of claim 63, wherein the activation
button includes a wedge element configured to transform a
force in a downward direction on the button to a force in a
sideways direction on the driver 926.

65. The mechanism of claim 64, wherein depressing the
activation button in the activation state pushes the wedge
against the protrusion of the driver and transmits a lateral
force onto the protrusion, causing a torque on the driver
which rotates the driver around the second track, disengag-
ing the protrusion from the blocking element and freeing the
main spring.

66. The mechanism of claim 65, wherein the driver
comprises an element and the needle mount comprises a
corresponding interference element, and wherein rotating
the driver linearly aligns the element of the driver with the
corresponding interference eclement of needle retainer,
thereby linking linear downward movement of the driver
and the needle retainer.

67. A needle insertion and retraction mechanism for an
injector having a housing with a base defining an opening,
the needle insertion and retraction mechanism comprising:

an injection needle mounted to a needle holder, the needle
holder being rotatable about a central axis thereof to
unlock downward movement thereof and linearly slid-
able between a retracted position, in which a tip of the
injection needle is within the housing, and an extended
position, in which the tip of the injection needle proj-
ects outward from the housing through the opening;

a needle extension spring biased to push downwards on
the needle holder;

a retraction slider engageable with the needle holder, the
retraction slider being rotatable about a central axis
thereof into a vertically unlocked state and being lin-
early slidable in the vertically unlocked state;

a needle retraction spring biased to push upward on the
retraction slider;

an activation button;

a skin sensor defining a needle aperture, the skin sensor
having an arm extending therefrom and a safety latch
extending therefrom, the skin sensor being movable
relative to the housing between a deployed position, in
which the needle aperture is misaligned with the injec-
tion needle and a withdrawn position, in which the
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needle aperture is aligned with the injection needle, the
skin sensor being biased into the deployed position;
wherein:

in a pre-activated locked state of the insertion and retrac-

tion mechanism before the injector is placed on a skin
surface of a patient, the skin sensor being in the
deployed position, in which the safety latch blocks
downward movement of the activation button, locking
the needle holder and the injection needle in the
retracted state;

in a primed unlocked state of the insertion and retraction

mechanism, the injector is placed on the skin surface of
the patient and the skin sensor is moved to the with-
drawn position thereof, in which the safety latch is
moved out of the way of the activation button;

in an activation state of the insertion and retraction

mechanism, the activation button is depressed, rotating
the needle holder to unlock downward movement
thereof, thereby freeing the needle extension spring to
push the needle holder and the injection needle into the
extended position; and

in an armed state of the insertion and retraction mecha-

nism after the injector is removed from the skin surface
of the patient, the skin sensor returns to the deployed
state, in which the skin sensor covers the tip of the
injection needle, and wherein subsequent contact with
the skin sensor toward the withdrawn position engages
the arm with the retraction slider to rotate the retraction
slider into the vertically unlocked state, whereby the
retraction spring expands and retracts the retraction
slider, the needle mount and injection needle.

68. The mechanism of claim 67, wherein the activation
button includes a first slanted track, and the needle holder
includes a first pin projecting laterally outward therefrom
and into engagement with the first slanted track, whereby
depressing the activation button rotates the needle holder
about the central axis thereof.

69. The mechanism of claim 67, wherein the retraction
slider includes a track receiving the first pin therethrough,
and the retraction slider includes a second pin projecting
laterally outward therefrom, the second pin being engaged in
a track of the housing.

70. The mechanism of claim 69, wherein the retraction
slider track has a horizontal portion and a vertical portion,
whereby rotation of the needle holder forces the first pin
along the horizontal portion to the vertical portion to unlock
downward movement of the needle holder.

71. The mechanism of claim 69, wherein the track of the
housing has a horizontal portion and a vertical portion,
whereby rotation of the retraction slider moves the second
pin along the horizontal portion to the vertical portion,
orienting the retraction slider in the vertically unlocked
state.

72. The mechanism of claim 67, wherein the skin sensor
is pivotally mounted on said housing about a pivot and in the
deployed position the skin sensor is pivoted away from said
housing.

73. The mechanism of claim 67, wherein the skin sensor
is pivotally mounted on said housing about a pivot and in the
withdrawn position said skin sensor is flush with said
housing.

74. The mechanism of claim 67, wherein the skin sensor
is biased toward said deployed position by a torsion spring.
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