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INJECTION DEVICE AND COMPONENTS THEREOF
Cross-Reference to Related Applications

This application is based on and claims priority to U.S. Provisional Application
Serial No. 62/835,700 filed on April 18, 2019, which is hereby incorporated herein by
reference.

Background of the Invention

1. Field of the Invention

The present invention relates to the field of injection devices.

2. Description of Related Art

Historically, plant pests and diseases have been controlled by mass application
of pesticides. However, many pesticides contain nicotine. Nicotine-based pesticides have been
shown to be a cause in the decline of bee populations and are being restricted in certain
jurisdictions. Concerns over the environmental and health impacts of conventional pesticides
have led to the research and development of more natural pesticides or biocontrol measures
that are delivered to the plant in small doses via injection.

In developing alternatives to mass application of conventional pesticides for the
control of plant bacteria, researchers have developed virulent bacteriophages that serve as
biocontrol agents for diseases. One such disease is Pierce’s Disease, which impacts grapevines
and other plants, and is spread plant to plant via insects. While conventional pesticides were
used to control the insects that transmit plant disease between plants, bacteriophages seek to
limit the impact of the bacteria once the bacteria is present within the plant. Unlike
conventional pesticides, however, bacteriophages cannot effectively be applied to the surface
of the plant and must instead be injected into the plant to be effective.

When injecting vascular plants for certain applications, such as bacteriophages,
it is desirable to deliver the injectate into the xylem of the plant. Xylem is plant vascular tissue
that transports water and nutrients from the plant’s roots to its stems and leaves. As such,
injections into the xylem can allow the injectate to be transported and exposed, via the xylem’s
natural pathways, to a large portion of the plant’s tissues. Injections into the xylem may also
be desirable when the injectate is intended to affect bacteria that are present in the plant’s xylem
tissues. Known applications for injections into the xylem tissue are prophylactics and
treatments related to the plant pathogen bacteria Xylella fastidiosa and Xanthomonas,

commonly known as Pierce’s Disease in viticulture.
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In attempting to inject liquid into the xylem of grapevines, several technical
challenges are presented. First, in plants of varying ages and sizes, xylem tissue is found in
different depths beneath the outside of the plant. For example, in a young vine, the xylem
tissue may be found 1-2 millimeters into the vine. In more mature vines, the xylem tissue may
be found 3-4 millimeters into the vine. So, a uniform injection method is not possible for
different types and/or ages of vines. In addition, without pressurized supply of injectate, the
injectate may only be exposed to a small portion of the xylem. Moreover, when delivering
very small dose volumes (< 200 microliters), it is difficult to fully prime the injection device
such that each cycle of the injection device released the desired dose volume to be administered.
The small dose volumes and narrow pathways of the fluid path can make the injection device
priming process challenging. Relatedly, when a medicine vial is mounted on the injection
device, it is often challenging to deliver injections in positions where the medicine vial may be
positioned at an angle that does not feed the injectate into the device by gravity. Injection
devices that rely upon gravity to pressurize the injectate supply are not ideal. Additionally,
needles of injection devices may become bent or broken due to the stiffness of the vines, and
it can be difficult to replace the needles while working in the vineyard and with limited access
to special tools.

Brief Summary of the Invention

In one aspect, the present invention is directed to a needle retention assembly
for use with an injection device. The injection device includes a needle retention nut and a
needle offset nut. The needle retention nut is configured to removably attach to the injection
device and to removably secure a needle to the injection device. The needle offset nut is
configured to removably attach to the needle retention nut and to provide support to the needle.

In certain embodiments, the needle retention nut and the needle offset nut
include any suitable offset engagement mechanisms that allow the needle retention nut to be
independent separated from the needle offset nut and the injection device. Suitable offset
engagement mechanisms include, but are not limited to, threads, flange and flange engagement
structures, pin-locks, ball-locks, key-locks, and combinations thereof. Preferably, the needle
retention nut is removably attachable to the injection device via rotational engagement.
Preferably, the needle offset nut is removably attachable to the needle retention nut via
rotational engagement. More preferably, the needle retention nut is removably attachable to

the injection device via rotational engagement in a first rotational direction, and the needle
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offset nut is removably attachable to the needle retention nut via rotational engagement in a
second rotational direction that is opposite the first rotational direction.

In certain embodiments, the needle retention nut includes a retention nut
opening for receiving a proximal portion of the needle. The needle retention nut opening is
defined by a retention nut opening inner wall. The needle retention nut is removably attached
to the injection device and the needle is removably secured to the injection device. The
proximal portion of the needle is positioned within the retention nut opening, and a diameter
of the proximal portion of the needle is smaller than a diameter of the retention nut opening.

In certain embodiments, the needle offset nut includes an offset nut channel for
receiving a distal portion of the needle. The offset nut channel is defined by an offset nut
channel inner wall. When the needle offset nut is removably attached to the needle retention
nut, the distal portion of the needle is positioned within the offset nut channel. Preferably, a
diameter of the offset nut channel is larger than an outer diameter of the distal portion of the
needle, and the offset nut channel inner wall of the offset nut channel is in abutting engagement
with a side wall of a distal portion of the needle when the needle is removably secured to the
injection device by the needle retention nut.

In another aspect, the present invention is directed to a method of attaching a
needle to an injection device with the needle retention assembly of the present invention. The
method includes: positioning the proximal portion of the needle within the retention nut
opening of the needle retention nut; attaching the needle retention nut to the injection device;
and positioning the offset nut channel of the needle offset nut over a distal portion of the needle;
and attaching the needle offset nut to the needle retention nut.

In still another aspect, the present invention is directed to a method of removing
a needle from an injection device that includes the needle retention assembly of the present
invention. The method includes: detaching the needle retention nut from the injection device;
and removing the needle from the retention nut opening of the needle retention nut. In certain
embodiments, the method further includes detaching the needle offset nut from the needle
retention nut. Preferably, the needle offset nut is detached from the needle retention nut prior
to detaching the needle retention nut from the injection device.

In yet another aspect, the present invention is directed to an injectate delivery
system for use with an injection device. The injectate delivery system includes an injectate
holding compartment, a plunger, and a resilient member. The plunger is slidably positionable

within the injectate holding compartment to form a fluid tight seal with an inner wall of the
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injectate holding compartment. When the injectate holding compartment is attached to the
injection device, it is in fluid communication with a dose chamber of the injection device. The
resilient member is configured to apply continuous pressure to the plunger, thereby forcing an
injectate from the injectate holding compartment to the dose chamber when the injectate
holding compartment is attached to the injection device such that neither gravity nor negative
pressure are required to prime the dose chamber.

In certain embodiments, the resilient member is a spring.

In still one more aspect, the present invention is directed to a method of using
the injectate delivery system of the present invention. The method includes: pressing a tip of
a needle into a subject to be injected, and injecting an injectate into the subject to be injected.
The needle is positioned for use in the injection device and the injectate delivery system is
attached to the injection device. The injectate is supplied to the dose chamber from the injectate
holding compartment. The resilient member applies continuous pressure to the plunger such
that neither gravity nor negative pressure are required to prime the dose chamber. Movement
of the plunger toward an end of the injectate holding compartment forces the injectate from the
injectate holding compartment to the dose chamber.

In still another aspect, the present invention is directed to a needle for use with
an injection device. The needle has a sidewall defining a longitudinal channel. The needle
includes at least two orifices on a sidewall of the needle.

In yet one more aspect, the present invention is directed to a safety mechanism
for use with an injection device that includes a dual switch that includes two switch elements
that are each positioned on opposing sides of a handle of the injection device. The dual switch
is movable between an on and an off position, and movement of the switch element on one side
of the dual switch automatically moves the switch element on the opposite side of the handle.

In still one more aspect, the present invention is directed to an injection device
that includes one or more of the following: the needle retention assembly of the present
invention; the injectate delivery system of the present invention; the needle of the present
invention; and the safety mechanism of the present invention.

In certain embodiments, at least one of the switch elements includes a
depressible button, and the dual switch is movable between the on and the off positions by
simultaneously depressing the button and moving either switch element between the on and the

off position.
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Additional aspects of the invention, together with the advantages and novel
features appurtenant thereto, will be set forth in part in the description which follows, and in
part will become apparent to those skilled in the art upon examination of the following, or may
be learned from the practice of the invention. The objects and advantages of the invention may
be realized and attained by means of the instrumentalities and combinations particularly
pointed out in the appended claims.

Brief Description of the Drawings

FIG. 1 is a cross-sectional view of an exemplary injection device of the present
invention.

FIG. 2 is a side view of the injection device of Fig. 1 with the safety mechanism
in the off position

FIG. 3 is a partial cross-sectional view of the injection device of Fig. 1 showing
the needle retention assembly.

FIG. 4 is a partial cross-sectional view of the injection device of Fig. 1, showing
the needle retention assembly, wherein the needle offset nut and the needle retention nut are
detached from the injection device.

FIG. 5 is a partial cross-sectional view of the injection device of Fig. 1, showing
the needle retention assembly, wherein the needle offset nut is detached from the needle
retention nut.

FIG. 6 is an exploded view of the injection device of Fig. 1.

FIG. 7 is a side view of the injection device of Fig. 1 with the safety mechanism
in the on position

FIG. 8 is a partial cross-sectional view of the injection device of Fig. 1, showing
the needle retention assembly with a bent needle.

FIG. 9 is a sectional view of the injectate delivery system of the injection device
of Fig. 1 in which the spring is in a compressed position.

FIG. 10 is a sectional view of the injectate delivery system of the injection
device of Fig. 1 in which the spring is in a partially uncompressed position.

FIG. 11 is a side view of the needle shown in Fig. 1.

Detailed Description of Preferred Embodiment

Certain aspects of the invention will now be described with respect to the

exemplary embodiments depicted in the figures, but are not limited to such embodiments. Fig.

1 depicts an exemplary embodiment of an injection device 10 of the present invention.
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In one aspect, the present invention is directed to a needle retention assembly
12. Needle retention assembly 12 is configured to provide support to a needle used with an
injection device, set the penetration depth of the needle used with an injection device, and allow
for easier and safer removal of the needle, especially when needle is broken, bent, and/or
damaged.

Referring to Fig. 2, needle retention assembly 12 includes cylindrical needle
retention nut 14 and semi-conical needle offset nut 16. Referring to Figs. 3 and 4, needle
retention nut 14 is configured to removably attach to injection device 10 and to removably
secure needle 18 to injection device 10. As shown in Figs. 3 and 5, needle offset nut 16 is
configured to removably attach to needle retention nut 14 and to provide support to needle 18.
Needle retention nut 14 may be removably attachable to injection device 10 via rotational
engagement, and needle offset nut 16 may be removably attachable to needle retention nut 14
via rotational engagement.

In certain embodiments, needle retention nut 14 may be removably attachable
to injection device 10 in via rotational engagement in a first rotational direction, and needle
offset nut 16 may be removably attachable to needle retention nut 14 via rotational engagement
in a second rotational direction that is opposite the first rotational direction; this configuration
enables easier detachment of needle offset nut 16 from needle retention nut 14 without
simultaneous and potentially undesirable detachment of needle retention nut 14 from injection
device 10.

As shown in Figs. 2, 4, and 6, needle retention nut 14 includes two tapered radial
grooves 19, 21 that are each defined by arcuate radial sidewalls 20, 22 positioned opposite one
another that each extend between needle retention nut inner cylindrical wall 24 and needle
retention nut outer cylindrical wall 26 of needle retention nut 14. Needle retention nut 14 also
includes two alignment openings 28, 30 positioned opposite one another that are each defined
by respective first axial sidewall 32 and second axial sidewall 36, and corresponding opposite
first axial sidewall and second axial sidewalls 38 and that each extend between inner cylindrical
wall 24 and outer cylindrical wall 26 of needle retention nut 14. Radial grooves 19 and 21 are
each oriented in opposite directions. Alignment openings 28, 30 are configured to align with
two identical flanges 40 (shown in Figs. 2 and 6), 42 (partially shown in Fig. 6) on injection
device 10 in order to position needle retention nut 14 for securement to injection device 10,
and arcuate sidewalls 20, 22 of radial grooves 19, 21 are each configured to secure needle

retention nut 14 to injection device 10 by rotationally engaging in a clockwise direction each
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respective flange 40, 42. As shown in Fig. 6, each flange 40, 42 extends radially outward from
an outer dose chamber cylindrical surface 44 of dose chamber 46 (shown in Fig. 1). Flanges
40 and 42 are each oriented in opposite directions. As shown in Fig. 2, flanges 40, 42 have
proximal tapered surfaces that are positioned within respective complimentary tapered grooves
19, 21 and that are frictionally and abuttingly engaged to portions of arcuate sidewalls 20, 22.
It should be understood that needle retention nut 14 may be configured to be attached to
injection device 10 at locations other than outer dose chamber cylindrical surface 44.

As best shown in Fig. 5, needle offset nut 16 includes threads 48 positioned on
a proximal portion of its cylindrical offset nut inner wall 50 that are configured to secure needle
offset nut 16 to needle retention nut 14 by rotationally engaging in a counterclockwise direction
with threads 52 positioned on cylindrical needle retention nut outer wall 54 of needle retention
nut 14. Preferably, threads 48 and 52 are fine threads in order to reduce the effort required to
either secure needle offset nut 16 to or remove it from needle retention nut 14.

Accordingly, as shown in Fig. 3, needle retention nut 14 is rotationally engaged
to injection device 10 in a first rotational direction (i.e. —clockwise), and needle offset nut 16
is rotationally engaged to needle retention nut 14 in a second rotational direction that is opposite
the first rotational direction (i.e. — counter-clockwise). As a result, needle offset nut 16 may
be easily unscrewed and removed from needle retention nut 14 without the simultaneous and
potentially undesirable unscrewing of needle retention nut 14 from injection device 10.

It should be understood that the engagement of needle offset nut 16 to needle
retention nut 14 and of needle retention nut 14 to injection device 10 may instead be achieved
through the utilization of any suitable offset engagement mechanisms that allow needle
retention nut 14 to be independently separated from needle offset nut 16 and injection device
10, including but not limited to threads, flange and flange engagement structures, pin-locks,
ball-locks, key-locks, etc. It should also be understood that the outer surfaces of needle
retention nut 14 and needle offset nut 16 may include structures, materials, or textures that
make them easier to grip by a user's hand. For example, as shown in Fig. 7, one or more
identical finger grips 56 may be positioned on an outer cylindrical wall 58 of needle offset nut
16, although only one finger grip 56 is shown.

As depicted in Fig. 4, needle retention nut 14 includes a retention nut opening
60 that is defined by needle retention nut inner cylindrical wall 24 and that is configured to
receive a proximal portion of needle 18. As shown in Fig. 5, a proximal portion of needle 18

is positioned within retention nut opening 60. A distal portion of a cylindrical outer flange 62
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of an integrally formed cylindrical base 64 of needle 18 is in abutting engagement with a
proximal portion of cylindrical inner flange 66 of needle retention nut inner cylindrical wall 24
of needle retention nut 14. As shown in Fig. 1, needle 18, cylindrical base 64, and cylindrical
dose chamber 46 of injection device 10 are in axial alignment, and a proximal portion of
cylindrical base 64 is axially aligned and in abutting engagement with a distal end of dose
chamber 46. Accordingly, needle 18 is removably secured to injection device 10 by needle
retention nut 14. The exterior diameter of needle 18 is smaller than the diameter of retention
nut opening 60. Although no specific size differential is required, the diameter of retention nut
opening 60 is preferably oversized with respect to the diameter of needle 18 to enable easy
insertion and removal of needle 18 to and from retention nut opening 60 and to allow movement
out of axial alignment.

As shown in Fig. 5, needle offset nut 16 includes an offset nut channel 68 that
is defined by a cylindrical offset nut channel inner wall 70 and that is configured to receive a
distal portion of needle 18. As shown in Fig. 3, a distal portion of needle 18 is positioned
within offset nut channel 68. The diameter of offset nut channel 68 is larger than the outer
diameter of a distal portion of needle 18 preferably only slightly larger, and offset nut channel
inner wall 70 is in abutting engagement with a sidewall 72 of a distal portion of needle 18 in
order to provide support and improved rigidity to needle 18. In turn, needle 18 is less prone to
offset or lateral movement which can lead to the misalignment/bending or breaking of needle
18.

As shown in Fig. 1, a tip portion 74 of needle 18 is positioned outside of offset
nut channel 68. A leading planar surface 76 of needle offset nut 16 is configured to be
positioned against a subject during an injection and serves as a stop point that sets the maximum
penetration depth of needle 18 (i.e. - only tip portion 74 can penetrate a subject). Preferably,
needle retention assembly 12 includes a plurality of interchangeable needle offset nuts 16 of
varying heights h (see Fig. 3; plurality of needle offset nuts not shown) to enable a user to
choose the length of the tip portion 74 of needle 18 that extends outside of offset nut channel
68 and thus the desired penetration depth of needle 18.

The present invention is also directed to a method of attaching a needle to an
injection device. The method comprises: positioning a proximal portion of a needle within a
retention nut opening of a needle retention nut; attaching the needle retention nut to an injection
device; positioning an offset nut channel of a needle offset nut over a distal portion of the

needle; and attaching the needle offset nut to the needle retention nut.
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In certain embodiments, the attachment of a needle to an injector may be
performed with injection device 10, needle retention assembly 12, and needle 18 according to
the following exemplary method. Referring to Fig. 4, a proximal portion of needle 18 is
positioned within retention nut opening 60 of needle retention nut 14. A distal portion of
cylindrical base 64 is axially aligned with and positioned against a proximal portion of
cylindrical inner flange 66 of retention nut opening inner wall 24 of needle retention nut 14.
Referring to Fig. 6, alignment opening 28 of needle retention nut 14 is aligned with respective
flange 40 of injection device 10, while on the opposite side opening 30 (not shown) is aligned
with flange 42. Alignment openings 28, 30 are then positioned over respective flanges 40, 42
and needle retention nut 14 is rotated clockwise into the position shown in Fig. 2 in order that
tapered flanges 40, 42 are positioned within respective tapered grooves 19, 21 and arcuate
sidewalls 20, 22 and respective flanges 40, 42 frictionally and abuttingly engage one another.
Accordingly needle retention nut 14 and injection device 10 are removably attached to one
another and needle 18 is removably secured to a distal portion of dose chamber 46 (shown in
Fig. 1). Next, as shown in Fig. 3, offset nut channel 68 of needle offset nut 16 is positioned
over adistal portion of needle 18, offset nut channel inner wall 70 is positioned against sidewall
72 of a distal portion of needle 18, and needle offset nut 16 is rotated counterclockwise into the
position shown in order to rotationally engage and removably attach needle offset nut 16 and
needle retention nut 14 to one another.

The present invention is further directed to a method of removing a needle from
an injection device. The method comprises: detaching a needle retention nut from an injection
device; and removing the needle from a retention nut opening of the needle retention nut. In
certain embodiments, the method further comprises detaching a needle offset nut from the
needle retention nut, and optionally and preferably, this additional step may be performed prior
to detaching the needle retention nut from the injection device.

In certain embodiments, the removal of a needle from an injection device may
be performed with injection device 10, needle retention assembly 12, and needle 18 according
to the following exemplary method. Referring to Fig. 3, needle offset nut 16 is rotated
clockwise in order to rotationally disengage and detach needle offset nut 16 and needle
retention nut 14 from one another. Next, offset nut channel inner wall 70 is taken out of contact
with sidewall 72 of a distal portion of needle 18, and offset nut channel 68 of needle offset nut
16 is moved away from a distal portion of needle 18 to the position shown in Fig. 5. If needle

18 is bent, broken, and/or damaged as shown in Fig. 8, performing this step first allows a user
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to clear the bent, broken, and/or damaged portion of needle 18 without needle retention nut 14.
As needle offset nut 16 is threadably detached from needle retention nut 14, the bent, broken,
and/or damaged portion of needle 18 is simultaneously forced through offset nut opening 68.
Once needle offset nut 16 is completely detached from needle retention nut 14, needle offset
nut 16 is then more easily slidably removable over and past the bent, broken, and/or damaged
portion of needle 18 in part because needle offset nut 16 is free to move out of axial alignment
with needle retention nut 14. No tools are required; needle offset nut 16 can be removed by
hand, and finger grips 56 allow for easier removability of needle offset nut 16. Next, with
reference to Fig. 5, needle retention nut 14 is rotated counterclockwise to the orientation shown
in Fig. 6 in order that arcuate sidewalls 20, 22 of radial grooves 19, 21 and respective flanges
40, 42 are disengaged from one another, and alignment openings 28, 30 are moved away from
respective flanges 40, 42 in order to detach needle retention nut and injection device from one
another. Needle 18 is then easily removed from oversized retention nut opening 60 of needle
retention nut 14.

Returning to Fig. 1, another aspect of the present invention is directed to an
injectate delivery system 78 for use with an injection device. Injectate delivery system 78
includes: an injectate holding compartment; a plunger slidably positionable within the injectate
holding compartment forming a fluid tight seal with an inner wall of the injectate holding
compartment; and a resilient member. When injectate holding compartment is attached to an
injection device, it is in fluid communication with a dose chamber of the injection device. The
resilient member is configured to apply continuous pressure to the plunger, thereby forcing an
injectate from the injectate holding compartment to the dose chamber when the injectate
holding compartment is attached to an injection device such that neither gravity nor negative
pressure are required to the prime dose chamber.

As best shown in Fig. 6, injectate delivery system 78 includes cylindrical
injectate holding compartment 80, cylindrical plunger 82 (which includes plunger seal 84),
spring 86, inlet tube 88, and inlet valve assembly 90. Referring to Fig. 9, plunger 82 is slidably
positioned within injectate holding compartment 80 and, plunger seal 84 forms a fluid tight
seal with a cylindrical inner wall 92 of injectate holding compartment 80. As shown, plunger
82 is positioned at a proximal end of the injectate holding compartment 80 when spring 86 is
compressed due to the presence of an injectate (not shown) in injectate holding compartment
80. Fig. 10 shows plunger 82 positioned at its most distal position at the distal end of injectate

holding compartment 80 when spring 86 is partially uncompressed. Open tip 94 of injectate
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holding compartment 80 is in fluid communication with dose chamber opening 96 as shown in
Fig. 6 via inlet tube 88. Referring to Fig. 1, inlet valve assembly 90, which includes ball valve
98 is configured to supply injectate to dose chamber 46 from injectate holding compartment 80
and to prevent injectate or air present within dose chamber 46 from flowing to injectate holding
compartment 80. Ball valve 98 is always open and allows injectate from injectate holding
compartment 80 to flow into the dose chamber 46. The ball valve 98 is closed only when there
is back pressure on the ball of the ball valve 98 that results from distal movement of the injectate
piston 99 of the injection device 10. Although injectate delivery system is shown with inlet
valve assembly 90, it should be understood that any suitable inlet valve assembly (and any
suitable valve) may be substituted, including but not limited to solenoid valves, shutter valves,
membrane valves, etc.

Returning to Fig. 9, cylindrical injectate holding compartment 80 is slidably
positioned within an opening in cylindrical barrel 100. A cylindrical barrel cap 102 is
threadably attached to an outer surface 103 of cylindrical barrel 100 and is positioned over a
proximal end of cylindrical barrel 100. As shown in Fig. 6, cylindrical barrel 100 is in turn
attached to injection device 10 with identical bolts 104 that are each positioned within
respective aligned openings 106, 108, 110, and 112; and 114, 116, 118, and an opening (not
shown) corresponding to opening 112. It should be understood that cylindrical injectate
holding compartment 80 may be attached to injection device 10 in any suitable manner as
understood by one of ordinary skill in the art and need not necessarily be positioned within
cylindrical barrel cap 102.

Referring back to Fig. 9, spring 86 is positioned between a proximal end of
plunger 82 and a top 122 of barrel cap 102. Spring 86 is compressible and applies continuous
pressure against plunger 82 such that any injectate present in injectate holding compartment 80
is forced to dose chamber 46 (shown in Fig. 1) in the event that dose chamber 46 is empty or
partially empty. Accordingly, neither gravity nor negative pressure are required to prime dose
chamber 46. It should be understood that although injectate delivery system 78 includes a
spring 86, any suitable resilient member that is configured to apply continuous pressure to
plunger 82 is within the scope of the invention.

In certain embodiments, as best shown in Fig. 1, plunger 82 includes a
cylindrical bore that is defined by cylindrical bore sidewall 124 and that is configured to receive
a threaded elongated tool (not shown). Preferably, as shown, bore sidewall 124 of plunger 82

includes threads 128 that are engageable with threads of a threaded elongated tool (not shown)
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in order that plunger 82 may be more easily moved distally within injectate holding
compartment 80 by pulling the threaded tool when its threads are engaged with threads 128 in
order to prime injectate holding compartment 80 with injectate.

Because injectate delivery system 78 does not rely upon the use of gravity
and/or negative pressure, it is able to more consistently and more precisely deliver microscopic
quantities of injectate (i.e. — as little as 20 pL) than injectate delivery systems of the prior art.
For the same reason, the precision of injectate delivery system 78 is not impacted by its
orientation during operation (i.e. — upside down, sideways, etc.).

The present invention is further directed to a method of using an injectate
delivery system with an injection device. The method comprises the following steps: pressing
a tip of a needle into a subject to be injected, wherein the needle is positioned for use in injection
device; and injecting an injectate into the subject to be injected. The injectate is supplied to a
dose chamber of the injection device from an injectate holding compartment of the injectate
delivery system. A resilient member applies continuous pressure to a plunger of the injectate
delivery system such that neither gravity nor negative pressure are required to prime the dose
chamber. A movement of the plunger toward an end of the injectate holding compartment
forces the injectate from the injectate holding compartment to the dose chamber.

In certain embodiments, the method of using an injectate delivery system may
be performed with injection device 10, needle 18, and injectate delivery system 78 according
to the following exemplary method. Referring to Fig. 1, a tip portion 74 of needle 18 is pressed
into a subject to be injected, and an injectate (not shown) is injected into the subject. As
described in more detail below, the injection is performed by depressing trigger 130, which in
turn causes movement of injectate piston 132 within dose chamber 46 and toward its distal end.
This movement of injectate piston 132 forces injectate present in dose chamber 46 through a
central base opening 134 in a proximal end of cylindrical base 64 of needle 18, which is in fluid
communication with longitudinal channel 136 (shown in Fig. 3) of needle 18. The injectate
then flows into the subject through longitudinal channel 136 and orifices 138. The injectate is
supplied to dose chamber 46 from injectate holding compartment 80. Spring 86 applies
continuous pressure to plunger 82 such that neither gravity nor negative pressure are required
to prime dose chamber 46, and plunger 82 moves toward a distal end of injectate holding
compartment 80 in order to force the injectate from injectate holding compartment 80 to dose
chamber 46. Once the injection is complete, injectate piston 132 moves within dose chamber

46 to return to its original position at a proximal end of dose chamber 46 as shown in Fig. 1.
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This rearward movement of injectate piston 132 creates a void space within dose chamber 46
that is immediately filled with more injectate that is supplied from injectate holding
compartment 80 and through inlet tube 88 and inlet valve assembly 90. In certain
embodiments, the method further comprises selecting the needle retention nut 16 that will
control the desired injection depth. In some such embodiments, the subject is a plant, such as a
grapevine, and the needle retention nut 16 is selected to result in an injection in the target xylem
layer.

The present invention is also directed to a needle 18 for use with an injection
device 10. Needle 18 has a sidewall defining a longitudinal channel. Needle 18 includes at
least two orifices in a sidewall of needle 18 and does not include an orifice at a tip of needle
18.

Turning to Figs. 3 and 11, needle 18 includes two identical orifices 138
positioned on opposing surfaces of sidewall 72—no orifice is included on a tip of needle 18.
Referring to Fig. 3, when needle 18 is attached to injection device 10 and is used to perform an
injection, orifices 138 are positioned distal to offset nut channel inner wall 70, and injectate
injected into a subject is forced to flow through orifices 138. The inclusion of multiple smaller
orifices 138—as opposed to a single larger orifice on a tip of needle 18—improves the rigidity
of needle 18 during an injection. Additionally, the positioning of orifices 138 on sidewall 72
of needle 18—as opposed to a single orifice positioned at a tip of needle 18—both reduces the
risk that needle 18 will become plugged during an injection and allows the injectate to be forced
laterally into a target layer of a subject when orifices 138 are positioned within the target layer.
For example, needle 18 can be used to target a xylem layer of a grape vine. As described above,
needle retention nuts 16 of varying height h can be used in order to inject at a specific depth,
for example the depth of the xylem layer.

Another aspect of the present invention is directed to a safety mechanism 140
for use with an injection device. The safety mechanism 140 includes a dual switch that itself
includes two switch elements. Each switch element is positionable on opposing sides of a
handle of an injection device. The dual switch is movable between an on and an off position,
and movement of a switch element on one side of the dual switch automatically moves the
switch element on the opposite side of the handle when the switch element is positioned on the
two opposing sides of the handle of an injection device. Safety mechanism 140 is operable by
either the left or right hand of a user. Preferably, at least one of the switch elements further

includes a depressible button. The dual switch is movable between the on and the off positions
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by simultaneously depressing the button and moving either switch element between the on and
the off position.

As shown in Fig. 2, safety mechanism 140 includes a dual switch 142 with
identical switch elements 144 positioned on each side of handle 146 of injection device 10
(opposite side not shown). Dual switch 142 is moveable between an on position depicted in
Fig. 2 and an off position depicted in Fig. 7, and movement of one switch element 144
positioned on one side of dual switch 142 automatically moves a second switch element 144
positioned on the opposite side of dual switch 142. If dual switch 142 is in the off position,
trigger 130 is not movable, and as a result, injection device 10 is not capable of performing
injections. If dual switch is in the on position, trigger 130 is movable, and as a result, injection
device 10 is capable of performing injections. One switch element 144 includes a depressible
button 148. Depressing the button 148 inward and toward handle 146 allows angular
simultaneous movement of both switch elements 144. While the button 148 is depressed, the
switch elements 144 are rotatable between the on and off positions. A user may rotate dual
switch 142 using either switch element 144 with either the left or right hand.

It should be understood that the needle retention assembly 12, injectate delivery
system 78, multi-orifice needle 18, and safety mechanism 140 of the present invention may be
used with virtually any injection device that is configured for use with a needle and may be
attached to an injection device by various mechanisms suitable for the specific injection device,
as will be readily understood by one of ordinary skill in the art. Suitable injection devices
include, but are not limited to, syringes alone or in combination with other
components/mechanisms that facilitate injections. It should further be understood that the
needle retention assembly, injectate delivery system, multi-orifice needle, and safety
mechanism of the present invention may be used with an injection device in conjunction with
injecting animals, humans, or plants. The needle retention assembly of the present invention
is well suited for use with an injection device to inject subjects with tough or woody exteriors
or layers in view of the support it is configured to provide to a needle and in view of its
functionality in replacing bent needles. Similarly, the needle of the present invention is well
suited for use with an injection device to inject subjects with tough or woody exteriors or layers
in view of its improved rigidity.

From the foregoing it will be seen that this invention is one well adapted to
attain all ends and objectives herein-above set forth, together with the other advantages which

are obvious and which are inherent to the invention.
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Since many possible embodiments may be made of the invention without
departing from the scope thereof, it is to be understood that all matters herein set forth or shown
in the accompanying drawings are to be interpreted as illustrative, and not in a limiting sense.

While specific embodiments have been shown and discussed, various
modifications may of course be made, and the invention is not limited to the specific forms or
arrangement of parts and steps described herein, except insofar as such limitations are included
in the following claims. Further, it will be understood that certain features and
subcombinations are of utility and may be employed without reference to other features and

subcombinations. This is contemplated by and is within the scope of the claims.
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CLAIMS
We claim:
1. A needle retention assembly for use with an injection device comprising:

a needle retention nut; and

a needle offset nut;

wherein the needle retention nut is configured to removably attach to the injection
device and to removably secure a needle to the injection device, and wherein the needle offset
nut is configured to removably attach to the needle retention nut and to provide support to the

needle.

2. The needle retention assembly of claim 1, wherein the needle retention nut and the
needle offset comprise any suitable offset engagement mechanisms that allow the needle

retention nut to be independently separated from the needle offset nut and the injection device.

3. The needle retention assembly of claim 2, wherein the offset engagement mechanisms
are selected from the group consisting of threads, flange and flange engagement structures, pin-

locks, ball-locks, key-locks, and combinations thereof.

4. The needle retention assembly of any one of claims 1-3, wherein the needle retention

nut is removably attachable to the injection device via rotational engagement.

5. The needle retention assembly of any one of claims 1-4, wherein the needle offset nut

is removably attachable to the needle retention nut via rotational engagement.

6. The needle retention assembly of any one of claims 1-5, wherein the needle retention
nut is removably attachable to the injection device via rotational engagement in a first rotational
direction, and wherein the needle offset nut is removably attachable to the needle retention nut
via rotational engagement in a second rotational direction that is opposite the first rotational

direction.

7. The needle retention assembly of any one of claims 1-6, wherein the needle retention
nut comprises a retention nut opening for receiving a proximal portion of the needle, wherein
the needle retention nut opening is defined by a retention nut opening inner wall, wherein when
the needle retention nut is removably attached to the injection device and the needle is

removably secured to the injection device, wherein the proximal portion of the needle is
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positioned within the retention nut opening, and wherein a diameter of the proximal portion of

the needle is smaller than a diameter of the retention nut opening.

8. The needle retention assembly of any one of claims 1-7, wherein the needle offset nut
comprises an offset nut channel for receiving a distal portion of the needle, wherein the offset
nut channel is defined by an offset nut channel inner wall, and wherein when the needle offset
nut is removably attached to the needle retention nut, the distal portion of the needle is

positioned within the offset nut channel.

. The needle retention assembly of claim 8, wherein a diameter of the offset nut channel
is larger than an outer diameter of the distal portion of the needle, and wherein the offset nut
channel inner wall of the offset nut channel is in abutting engagement with a side wall of a
distal portion of the needle when the needle is removably secured to the injection device by the

needle retention nut.

10. A method of attaching the needle to the injection device with the needle retention
assembly of any one of claims 1-9, comprising:
positioning the proximal portion of the needle within the retention nut opening of the
needle retention nut;
attaching the needle retention nut to the injection device;
positioning the offset nut channel of the needle offset nut over a distal portion of the
needle; and

attaching the needle offset nut to the needle retention nut.

11. A method of removing the needle from the injection device that includes the needle
retention assembly of any one of claims 1-9, comprising:
detaching the needle retention nut from the injection device; and

removing the needle from the retention nut opening of the needle retention nut.

12. The method of any one of claim 11, further comprising:

detaching the needle offset nut from the needle retention nut.

13. The method of any one of claims 11-12, wherein the needle offset nut is detached from

the needle retention nut prior to detaching the needle retention nut from the injection device.

14. An injectate delivery system for use with an injection device comprising:

an injectate holding compartment;
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a plunger, wherein the plunger is slidably positionable within the injectate holding
compartment to form a fluid tight seal with an inner wall of the injectate holding
compartment; and

a resilient member;

wherein when the injectate holding compartment is attached to the injection device, it
is in fluid communication with a dose chamber of the injection device; and

wherein the resilient member is configured to apply continuous pressure to the plunger,
thereby forcing an injectate from the injectate holding compartment to the dose
chamber when the injectate holding compartment is attached to the injection device

such that neither gravity nor negative pressure are required to prime the dose chamber.
15. The injectate delivery system of claim 14, wherein the resilient member is a spring.

16. A method of using the injectate delivery system of any one of claims 14-15 with an
injection device comprising:
pressing a tip of a needle into a subject to be injected, wherein the needle is positioned
for use in the injection device and the injectate delivery system is attached to the
injection device; and
injecting an injectate into the subject to be injected;
wherein the injectate is supplied to the dose chamber from the injectate holding
compartment, wherein the resilient member applies continuous pressure to the plunger
such that neither gravity nor negative pressure are required to prime the dose chamber,
and wherein a movement of the plunger toward an end of the injectate holding
compartment forces the injectate from the injectate holding compartment to the dose

chamber.

17. A needle for use with an injection device, comprising:
a needle having a sidewall defining a longitudinal channel, wherein the needle includes
at least two orifices in the sidewall of the needle, and wherein the needle does not include an

orifice at a tip of the needle.

18. The needle of claim 17, wherein the needle includes two orifices on a sidewall of the

needle.

19. A safety mechanism for use with an injection device, comprising:
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a dual switch comprising two switch elements that are each positioned on opposing
sides of a handle of the injection device, wherein the dual switch is movable between an on
and an off position, and wherein movement of the switch element on one side of the dual switch

automatically moves the switch element on the opposite side of the handle.

20. The safety mechanism of claim 19, wherein at least one of the switch elements
comprises a depressible button, and wherein the dual switch is movable between the on and the
off positions by simultaneously depressing the button and moving either switch element

between the on and the off position.

21. An injection device comprising the needle retention assembly of any one of claims 1-
9.

22. An injection device comprising the injectate delivery system of any one of claims 14-
15.

23. An injection device comprising the needle of any one of claims 17-18.

24. An injection device comprising the safety mechanism of any one of claims 19-20.

25. The injection device of any one of claims 22-24, further comprising the needle retention

assembly of any one of claims 1-9.

26. The injection device of any one of claims 21 and 23-24, further comprising the injectate

delivery system of any one of claims 14-15.

27. The injection device of any one of claims 21-22 and 24, further comprising the needle

of any one of claims 17-18.

28. The injection device of any one of claims 21-23, further comprising the safety

mechanism of any one of claims 19-20.



PCT/US2020/028172

WO 2020/214621

/11

'%\\Q\\\\\vmavﬁ.

SN

5

V-

o
Y

.0
u

mﬁ/

<01

.............. ; cel g3 ,
58 8 8/ 08 1 '91d



WO 2020/214621 PCT/US2020/028172

2/11

FIG. 2



WO 2020/214621 PCT/US2020/028172

3/11

]
4 B
)
W
8
1)
1]
13
i
1]
B
]
T
e
1|
)
]
1
1|
8
i
1]
B
]
B ‘i
1)
% RS
g
1]
B
M
34
e}

FIG. 3



PCT/US2020/028172

WO 2020/214621

4/11

v "Dld



WO 2020/214621 PCT/US2020/028172

FIG. 5




PCT/US2020/028172

WO 2020/214621

6/11

9 'Ol



WO 2020/214621 PCT/US2020/028172

7/11

FIG. 7



WO 2020/214621 PCT/US2020/028172

8/11

FIG. 8



WO 2020/214621 PCT/US2020/028172

102

=
100

FIG. 9



WO 2020/214621 PCT/US2020/028172

94

88

FIG. 10
98



WO 2020/214621 PCT/US2020/028172

11/11

9
(
138

FIG. 11



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US2020/028172

A. CLASSIFICATION OF SUBJECT MATTER

IPG(8) - A61M 5/315; A61M 5/32; AG1M 5/34; AB1M 5/48 (2020.01)
CPC- AB1M 5/345; A61M 5/32; A61M 5/34; A61M 5/344; A61M 5/347 (2020.05)

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

see Search History document

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

see Search History document

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

see Search History document

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2010/0280460 A1 (MARKUSSEN) 04 November 2010 (04.11.2010) entire document 1-4
A US 2007/0228185 A1 (MATSUMOTO) 04 October 2007 (04.10.2007) entire document 1-4
A US 5,921,966 A (BENDEK et al) 13 July 1999 (13.07.1999) entire document 1-4
A US 5,069,225 A (OKAMURA) 03 December 1991 (03.12.1991) entire document 1-4

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

D See patent family annex.

* Special categories of cited documents:

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

“D” document cited by the applicant in the international application

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

“L”  document which maK throw doubts on priority claim(s) or which
is cited to establish t qf}‘)ubhcanon date of another citation or other
special reason (as specified)

“0" documentreferringtoan oral disclosure, use, exhibition or other means

“p”  document published prior to the international filing date but later than
the priority date claimed

wpn

g

wy»

“&”

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

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

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

document member of the same patent family

Date of the actual completion of the international search

22 July 2020

Date of mailing of the international search report

07 AUG 2020

Name and mailing address of the ISA/US

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

Facsimile No. 571-273-8300

Authorized officer

Blaine R. Copenheaver

Telephone No. PCT Helpdesk: 571-272-4300

Form PCT/ISA/210 (second sheet) (July 2019)




INTERNATIONAL SEARCH REPORT International application No.

PCT/US2020/028172

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

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

1. D Claims Nos.:

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

2. I:] Claims Nos.:

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

3. x‘ Claims Nos.: 5-13, 21, 25-28
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

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

This Interational Searching Authority found muitiple inventions in this international application, as follows:

See extra sheet(s).

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

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

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

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

1-4

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

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

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2019)



INTERNATIONAL SEARCH REPORT International application No.

PCT/US2020/028172

Box No. IV Text of the abstract (Continuation of item 5 of the first sheet)

The present invention is directed to a needle retention assembly, an injectate delivery system, a needle, and a safety mechanism, all of
which are for use with an injection device. The needle retention assembly includes a needle offset nut which is configured to removably
attach to a needle retention nut and to provide support to the needle. The injectate delivery system includes an injectate holding
compartment, a plunger, and a resilient member. The needle has a sidewall defining a longitudinal channel and includes at least two
orifices in the sidewall, but does not include an orifice at a tip of the needle. The safety mechanism includes a dual switch that includes
two switch elements that are each positioned on opposing sides of a handle of the injection device.

Form PCT/ISA/210 (continuation of first sheet (3)) (July 2019)



INTERNATIONAL SEARCH REPORT International application No.

PCT/US2020/028172

Continued from Box No. |ll Observations where unity of invention is lacking

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group |, claims 1-4, are drawn to a needle retention assembly for use with an injection device comprising: a needle retention nut.

Group Il, claims 14-16 and 22, are drawn to an injectate delivery system for use with an injection device comprising: an injectate holding
compartment.

Group llI, claims 17-18 and 23, are drawn to a needle for use with an injection device, comprising: a needle having a sidewall defining a
longitudinal channel.

Group IV, claims 19-20 and 24, are drawn to a safety mechanism for use with an injection device, comprising: a dual switch comprising
two switch elements.

The inventions listed as Groups |, II, lll or IV do not relate to a single general inventive concept under PCT Rule 13.1 because, under
PCT Rule 13.2, they lack the same or corresponding special technical features for the following reasons: the special technical feature of
the Group | invention: a needle retention nut; and a needle offset nut; wherein the needle retention nut is configured to removably attach
to the injection device and to removably secure a needle to the injection device, and wherein the needle offset nut is configured to
removably attach to the needle retention nut and to provide support to the needle as claimed therein is not present in the invention of
Groups I, Il or IV. The special technical feature of the Group Il invention: an injectate holding compartment; a plunger, wherein the
plunger is slidably positionable within the injectate holding compartment to form a fluid tight seal with an inner wall of the injectate
holding compartment; and a resilient member; wherein when the injectate holding compartment is attached to the injection device, it is in
fluid communication with a dose chamber of the injection device; and wherein the resilient member is configured to apply continuous
pressure to the plunger, thereby forcing an injectate from the injectate holding compartment to the dose chamber when the injectate
holding compartment is attached to the injection device such that neither gravity nor negative pressure are required to prime the dose
chamber as claimed therein is not present in the invention of Groups |, IIl or IV. The special technical feature of the Group Ill invention: a
needle having a sidewall defining a longitudinal channel, wherein the needle includes at least two orifices in the sidewall of the needle,
and wherein the needle does not include an orifice at a tip of the needle as claimed therein is not present in the invention of Groups |, Il
or IV. The special technical feature of the Group IV invention: a dual switch comprising two switch elements that are each positioned on
opposing sides of a handle of the injection device, wherein the dual switch is movable between an on and an off position, and wherein
movement of the switch element on one side of the dual switch automatically moves the switch element on the opposite side of the
handle as claimed therein is not present in the invention of Groups |, Il or lll.

Groups |, II, 111, and IV lack unity of invention because even though the inventions of these groups require the technical feature of a
needle for use with an injection device, this technical feature is not a special technical feature as it does not make a contribution over the
prior art.

Specifically, US 5,069,225 A to Okamura teaches a needle for use with an injection device (FIGS. 3, 4(a) through 4(c), and 5(a) through
5(c) show a blood collection and/or injection device employing a double-ended medical needle and a holder therefor, col. 7, lines 59-61).

Since none of the special technical features of the Group |, II, lIl, or IV inventions are found in more than one of the inventions, unity of
invention is lacking. .

Form PCT/ISA/210 (extra sheet) (July 2019)



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - wo-search-report
	Page 34 - wo-search-report
	Page 35 - wo-search-report
	Page 36 - wo-search-report

