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GAS PRESSURED NEEDLE-LESS
INJECTION DEVICE AND METHOD

RELATED APPLICATIONS

This is a continuation-in-part of U.S. patent application
Ser. No. 08/541,470 filed Oct. 10, 1995 now abandoned.

FIELD OF THE INVENTION

This invention relates to a gas pressured needle-less
injection device and method of manufacture, and in
particular, embodiments to a single use device.

BACKGROUND OF THE INVENTION

Typically, needle-less medication injections are per-
formed with “permanent gun” instruments, generally
referred to as “jet injectors”. These devices use either a
compression spring or a compressed inert gas to propel the
fluid medication (via a push rod plunger) through a small
orifice (an injector nozzle) which rests perpendicular to and
against the injection site. The fluid medication is generally
accelerated at a high rate to a speed of between about 800
feet per second (fps) and 1.200 fps (approximately 244 and
366 meters per second, respectively). This causes the fluid to
pierce through the skin surface without the use of a needle,
resulting in the medication being deposited in a flower
pattern under the skin surface. This method of medication
delivery is referred to as a subcutaneous injection.

Conventional jet injectors are cumbersome and awkward
to use. Preparing a typical. reusable jet injector for admin-
istering an injection requires several steps. For example,
prior to each injection, the injector nozzle must be sterilized.
The operator removes the delivery nozzle from the jet
injector and boils the nozzle in water to assure a reasonable
degree of sterilization. After the nozzle is cleaned, the user
replaces it on the instrument and prepares the instrument for
loading the medication which is to be injected into the skin.
A concern often associated with the nozzle in these reusable
systems is that. due to a relatively small opening
(approximately 0.004" or less). the nozzle has a tendency to
clog up if the device is left unused for a period of time or if
the user does not clean the instrument each time after being
used and prior to its reuse.

In addition, loading known jet injectors with medication
is a time consuming and delicate operation. First, an adaptor
which contains a needle is placed through the rubber septum
of the medication vial. The nozzle of the jet injector is then
mated to the needle adaptor in the medication vial. The
operator then proceeds to draw up medication into the
delivery chamber of the jet injector. This operation may be
repeated several times, until the trapped air in the delivery
chamber is removed. When this pre-injection operation is
complete, the operator selects an injection site and admin-
isters the injection.

However, a used and worn delivery orifice can slow down
the delivery speed of the injected fluid, which results in
inadequate penetration and causes bruising of the skin at the
injection site. In addition, the improper use of jet injectors
creates bruising (subdermal hematoma) when the nozzle is
not firmly pressed against the injection site. Bruising also
may occur if the nozzle opening (orifice) is partially clogged
or worn out.

Conventional jet injectors are also somewhat dangerous to
use, since they can be discharged without being placed
against the skin surface. With a fluid delivery speed of about
800 fps or higher, a jet injector could injure a person’s eye
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at a distance of up to 15 feet. It should also be noted that jet
injectors which have not been properly sterilized are noto-
rious for creating infections at the injection site. In addition,
if a jet injector is not positioned properly against the
injection site, the injection can be short of the measured
dosage, thereby creating wetting on the skin surface, which
leads to additional problems associated with improper dos-
age amounts.

Moreover, it should also be noted that compression spring
propelled jet injectors do not offer linear delivery speeds
(constant speed of the fluid being injected). In addition to
this problem, spring propelled jet injectors with weak (e.g..
deteriorated) springs often slow the fluid delivery speed
down while the fluid is being administered into the skin
which can result in improper fluid penetration. Reduced
speed of the fluid can cause improper dosing and bruising at
the injection site (referred to as subdermal hematoma).

SUMMARY OF THE DISCLOSURE

It is an object of an embodiment of the present invention
to provide an improved disposable jet injector with simpli-
fied operating and safety features, that obviates for practical
purposes, the above-mentioned limitations.

According to an embodiment of the present invention, a
needle-less injector suitable for injecting liquid medication
through a skin surface of a patient include a housing. a driver
and a trigger. The housing contains the liquid medication to
be injected into the patient. The driver forces the medication
out of the housing at a sufficient speed to pierce the skin
surface of the patient. The resistance sensitive trigger is
coupled to the driver and is used to activate the driver to
force the liquid medication out of the housing. The resis-
tance sensitive trigger is activated upon application of a
predetermined amount of pressure to the resistance sensitive
trigger that is opposed by a predetermined amount of
resistance from the skin surface of the patient. The prede-
termined amount of resistance results from the housing
having contact with the skin surface of the patient. and when
this predetermined amount of resistance is reached the liquid
medication is forced out of the housing by the dryer to pierce
the skin surface of the patient.

In further embodiments, the housing of the needle-less
injector includes a face that is adapted to align the housing
to produce the predetermined amount of resistance to allow
for activation of the resistance sensitive trigger. Also. the
resistance sensitive trigger is preferably coupled to the
housing to permit axial movement of the resistance sensitive
trigger along the housing. However, the fit tolerances
between the housing and the resistance sensitive trigger are
selected to permit activation of the resistance semsitive
trigger when the housing is aligned between 0 and 10
degrees off an axis perpendicular to the skin surface of the
patient. In addition, the resistance sensitive trigger is pref-
erably positioned to be between the skin surface of the
patient and an activating appendage (such as an hand. arm
or the like) of a user when activating the driver the force the
medication out from the housing.

In particular embodiments, the resistance sensitive trigger
includes a resistance element that activates at a lower
amount of pressure than the predetermined amount of resis-
tance by the skin surface of the patient. For example, the
resistance sensitive trigger includes a cap that is slidably
attached to the housing and the resistance element includes
a spring coupled between the housing and the cap. Thus,
upon application of the predetermined amount of pressure to
the cap of the resistance sensitive trigger, the spring com-
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presses when the opposing resistance from the skin surface
of the patient reaches the predetermined amount of resis-
tance to activate the driver to force the liquid medication out
of the housing to pierce the skin surface of the patient.

According to further embodiments of the present
invention, a compressed gas activated needle-less injector
device is suitable for injecting liquid medication through the
skin surface. The housing of the needle-less injector includes
a main body portion. a valve and a chamber housing portion.
The main body portion includes a first gas chamber, a
passageway and a second gas chamber which is in gaseous
communication with the first gas chamber through the
passageway. The first gas chamber contains a pre-filled
compressed gas. such as inert gas, that exits through the
passageway. The second gas chamber partially contains the
driver. The pressure of the compressed gas is sufficiently
high to accelerate the liquid medication at a speed sufficient
to pierce through the skin surface. The valve is detachably
mounted to block the passageway to prevent the flow of the
compressed gas from the first gas chamber until needed. The
valve is positioned in between the first gas chamber and the
second gas chamber. The chamber housing portion is
securely coupled to the main body portion and includes a
liquid chamber and an orifice. In preferred embodiments, the
liquid chamber holds the pre-filled and pre-measured liquid
medication and is in fluid communication with the driver.
The driver can be formed by a piston disposed and movable
within the liquid chamber, and a plunger disposed and
movable within the liquid chamber along with the piston to
force the liquid medication out from the liquid chamber
through the orifice. The orifice is formed in one end of the
chamber housing portion and is in fluid communication with
the liquid chamber. In operation, the compressed gas, when
released from the first gas chamber, pushes the liquid forcing
assembly. which in turn pushes the liquid medication out
through the orifice to pierce the skin surface of the user.

In the embodiment discussed above, the piston has a head
which is disposed within the second gas chamber. The head
creates an air and fluid tight seal so that the compressed gas
released from the first gas chamber is trapped in the second
gas chamber.

In a further embodiment. the injector device is equipped
with a lever for breaking the valve. In particular
embodiments, the lever is slidably mounted through a side
wall of the main body adjacent to the valve so that when one
end of the lever is pushed in, the other end of the lever breaks
off the valve. thus releasing the compressed gas into the
second gas chamber. The resistance sensitive trigger may
include an incline ramp surface that pushes the lever inward
when the resistance sensitive trigger is depressed. In pre-
ferred embodiments, a coil spring is positioned between the
resistance sensitive trigger and the main body portion to bias
the resistance sensitive trigger in an un-depressed state. A
retainer. such as a retainer ring, may be used to couple the
resistance sensitive trigger to the main body portion, and a
protective cover, such as a screw-on cap may be used to
cover the orifice to maintain sterility of the injection device.

Other features and advantages of the invention will
become apparent from the following detailed description,
taken in conjunction with the accompanying drawings which
illustrate, by way of example, various features of embodi-
ments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

A detailed description of embodiments of the invention
will be made with reference to the accompanying drawings,
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wherein like numerals designate corresponding parts in the
several figures.

FIG. 1 is a cross-sectional diagram of an injector device
according to an embodiment of the invention;

FIG. 2 is an exploded view of an actuating member
according to an embodiment of the invention;

FIG. 3 is an external side view of an injector device;
FIG. 4 is an external front view of an injector device;
FIG. 5 is an external rear view of an injector device;

FIG. 6 is an external view of an injector device with a
safety cap.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

As shown in the drawings for purposes of illustration, the
invention is embodied in a needle-less injector. In preferred
embodiments of the present invention, the a gas powered
needle-lee injector device that is pre-loaded with medication
and is adapted for a single use. Preferably, the needle-less
injector is for use with human beings. However, it will be
recognized that further embodiments of the invention may
be used on animals or in other applications requiring needle-
less injection. such as passing injectable substances through
a porus membrane or the like. In addition, the needle-less
injector may uses springs. pyrotechnic charges or the like
instead of gas power as the injection delivering force.

As shown in the drawings. a needle-less injection device
according to an embodiment of the invention is embodied in
a pen sized device. The needle-less injector device 10
according to an embodiment of the invention is useful for
hypodermic injection of medication without piercing the
skin (non-invasive) with a necedle and represents an
improvement over known devices. The device 10 may be
used as a single dose disposable injector to deliver a dosage
of fluid medication. The preferred embodiment ensures
precise delivery through an orifice with the diameter of
approximately 0.0032" (approximately 0.08 mm). However,
larger or smaller diameters may be used. as long as accurate
penetration of the skin and delivery of the medication can be
maintained. The fluid is linearly accelerated via pneumatic
propulsion. Safety is maintained and inadvertent activation
of the injection device 10 is avoided via a pressure (e.g..
resistance) sensitive triggering feature which allows for
proper tensioning of the nozzle and orifice at the injection
site prior to automatic medication deployment. For example,
activation of the injector device 10 will not occur until the
injector is properly positioned to provide the required resis-
tance from the skin surface of the patient to allow for
sufficient tension and pressure to be applied to a trigger of
the injector device 10 to activate it to deliver the dosage of
medication. Improper positioning resulting in insufficient
resistance by the skin surface of the patient will prevent the
injector device from being inadvertently activated. For
example, tight tolerances between a trigger cap and a
housing will prevent the cap from sliding along the housing
to trigger the device 10, if the device 10 is more than 10
degrees off of an axis perpendicular to the skin surface of the
patient.

The device utilizes prepackaging and precisely measured
dosages for a variety of medical applications. However.
alternative embodiments may be loaded prior to injection.
The injector device 10 can be manufactured in various
custom sizes for precise medication delivery over a wide
range of medication types and dosage amounts. Preferred
embodiments allow for a single injection in amounts that
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range from about Y2oth of one cubic centimeter(cc) to 1.0 cc.
The type of injector device 10 is typically used on human
patients. However, in alternative embodiments, a larger
injector device with larger medication capacity may be
constructed and used on animals, such as livestock or the
like.

FIG. 1 shows a needle-less injector device 10 according
to an embodiment of the invention. The injector device 10
has a main body 12. a chamber housing 40. a cap 69, a piston
50. an actuating member 20, and a first gas chamber 18. The
main body 12 includes a first body portion 13 integrally
connected to a second body portion 19 (main body 12, first
body portion 13, and second body portion 19 may be a single
unit in design and manufacturing). In the preferred embodi-
ment of the device, the second body portion 19 has a slightly
larger diameter than that of the first body portion 13. A
flange 27 is formed due to a larger diameter of the second
body portion 19. The first body portion 13 and the second
body portion 19 each has an elongated cylindrical shape.
However, in alternative embodiments, other shapes such as
rectangular, triangular or the like may be used. The main
body 12 also has an elongated cavity 17 centrally disposed
along the length of the first body portion 13 and partially
along the length of the second body portion 19. The elon-
gated cavity 17 forms an opening which is located on the end
of the main body 12. opposite of the second body portion 19.
The elongated cavity 17 has a cylindrical shape with sub-
stantially the same diameter. However, in alternative
embodiments, other shapes such as rectangular, triangular or
the like may be used. The diameter of the elongated cavity
17 gradually tapers off as the elongated cavity 17 nears the
second body portion 19. The smaller diameter portions of
the elongated cavity 17 limits the backward movement of
the piston 50 and tends to increase the rate of acceleration
when the jet injection device 10 is first activated.

The second body portion 19 includes a lever passageway
74 and the first gas chamber 18 for storing compressed inert
gas. such as carbon dioxide. However, alternative embodi-
ments may use other gases or a gas/liquid combination. The
elongated cavity 17 (i.e.. containing a second gas chamber
14) and the first gas chamber 18 are coupled together to
provide gaseous communication with each other through a
passageway 30. The first gas chamber 18 of the second body
portion 19 has an opening on the opposite end of the
passageway 30, through which compressed gas is pre-filled
into the first gas chamber 18. A retention groove 28
(preferably ring shaped) is formed around the inner diameter
of the first gas chamber 18 near the end of the large opening
in the first gas chamber. A chamber plug 26 is disposed
within the opening of the first gas chamber 18 to seal in the
compressed inert gas, once the gas has been loaded. The
chamber plug 26 forms an air tight seal in the first gas
chamber 18 by engaging the retention groove 28. The
retention groove 28 also prevents the chamber plug 26 from
detaching itself from the second body portion 19 due to the
presence of compressed gas in the first gas chamber 18, The
chamber plug 26 is configured and sized to firmly fit into the
opening of the first gas chamber 18. In alternative
embodiments, instead of the retention groove 28, the inner
surface of the first gas chamber may be threaded so that the
chamber plug 26 (with corresponding outer threads) may be
screwed into the first gas chamber 18. Alternatively, the first
gas chamber 18 may be a sealed compartment in which
compressed gas is injected through a valve. A seal may be
obtained by using an adhesive or other suitable materials.
The chamber plug 26 may be made of any suitable rigid
materials, such as plastic, rubber, ceramic, metal, compos-
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ites and the like. Although the main body 12 may be made
of plastic by, such process as an injection molding. other
suitable materials, such as ceramic, glass, metal. composites
or the like, may be used. In addition. the first body portion
13 and the second body portion 19 may be formed together
as one injection mold or may be formed from separate
portions coupled together by adhesives. welding, snap fits or
the like. In preferred embodiments, the chamber plug 26
would be plastic welded. glued or otherwise secured in the
first gas chamber 18 immediately after the first gas chamber
is filled with gas.

Inside the elongated cavity 17, a release tab 16 (or valve)
is attached to the wall to block off and seal the passageway
30. In its normal position. the release tab 16 blocks the gas
flow from the first gas chamber 18 into the elongated cavity
17. When the release tab 16 is detached or broken off from
its original position. the compressed gas from the first gas
chamber 18 is released into the elongated cavity 17. More
specifically, the compressed gas is released into a second gas
chamber 14, which is a part of the elongated cavity 17. The
release tab 16 is preferably sufficiently large to fully cover
the opening in the passageway 30, thus preventing any gas
leak. In the preferred embodiment. the release tab 16 may be
molded with the main body 12. Alternatively. the release tab
16 may be attached to the wall by any suitable process, such
as using an adhesive, welding or the like. The release tab 16
is preferably detached or broken off by applying force on its
side, but it should be attached firmly enough to withstand the
pressure exerted by the compressed air in the first gas
chamber 18 or a shock from a drop. In addition, the release
tab 16 should resist being sheared off until the injector
device 10 is placed in contact with the skin of a patient and
sufficient resistance is encountered to permit the injector
device 10 to be activated by applying sufficient pressure to
shear off the release tab 16.

The lever passageway 74 is typically formed on the side
wall of the main body 12 and extends from the outer to the
inner surface of the second body portion 19 at a slightly
slanted angle. However, other configurations may be used.
The lever passageway 74 is adapted and configured to hold
a lever 70 which protrudes through the lever passageway 74.
In the preferred embodiment, the lever 70 is a cylindrical rod
with a rounded end 72. The rounded end 72 protrudes out of
the second body portion 19. The lever 70 has preferably the
sufficiently same cross-section and diameter as the lever
passageway 74 to firmly fit inside the passageway 74 to
provide a sufficiently tight air and fluid seal to not hinder
with the effective performance of the injection device 10.
However, there may be some clearance between the lever 70
and the passageway 74 to bleed-out excess gas pressure over
a time period once the injector device 10 has been used. In
an alternative embodiment, there may be a plurality of levers
70 disposed through a plurality of lever passageways 74 to
ensure the removal of a release tab 16. For example, the
main body 12 may accommodate two levers at a 90 degree
angle to each other so that the combined force of those levers
ensure proper detachment of the release tab 16. In addition,
the lever 70 and the passageway 74 may be formed of a
rectangular rod shape or other suitable shapes. The lever 70
may be made of resilient plastic or other suitable materials.

The chamber housing 40 includes an elongated tubular
body 43, a neck portion 45 and a liquid chamber 41 for
storing and holding, for example, liquid medication (not
shown). The chamber housing 40 has an orifice 42 (or
nozzle) at one end and has an opening configured to receive
the piston 50 at the other end. The orifice 42 is centrally
positioned on an injector face 49. The injector face 49 has a
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