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OPEN AND CLOSED VALVE MEDICATION
" DELIVERY SYSTEM FOR HIGH PRESSURE INJECTIONS

Cross Reference to Related Application
[0001] This application claims the benefit under 35 U.S.C. § 119(¢) of U.S.
Provisional Application Serial No. 61/193,595, filed December 9, 2008, the entire

content of which is hereby incorporated by reference..

Field of the Invention

[0002] The present invention relates generally to a drug delivery device that
facilitates high pressure medication injections. More particularly, the present
invention relates to a drug delivery device that diverts high pressures away from the
original drug container to prevent medication leakage and inaccurate doses. Still
more particularly, the present invention relates to a drug delivery device having a
secondary chamber that amplifies the injection force, thereby facilitating intradermal

medication injections.

Background of the Invention

[0003] Insulin and other injectable medications are commonly given with syringes
into the intradermal layer of the skin and other dense tissues. Intradermal medication
injections result in faster uptake of the medication, thereby resulting in improved
therapy. Such injections require higher injection pressures, upwards of 200 psi, than
traditional subcutaneous injections.

[0004] Techniques and devices are known for administering an injection into the
intradermal region of the skin. One method, commonly referred to as the Mantoux
technique, uses a "standard" needle and syringe, i.€., a syringe typically used to
administer intramuscular or subcutaneous injections. The health care provider
administering the injection follows a specific procedure that requires a somewhat
precise orientation of the syringe with regard to the patient's skin as the injectton is

administered. The health care provider must also attempt to precisely control the
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penetration depth of the needle into the patient’s skin to ensure that it does not
penetrate beyond the intradermal region. Such a technique is complicated, difficult to
administer, and often may only be administered by an experienced health care
professional.

[0005] As advances in understanding the delivery of drug proceeds, the use of
intradermal delivery systems is expected to increase. However, use of a "standard"
length needle to deliver a drug substance intradermally has its shortcomings, as noted
above. Moreover, it is not possible to use a delivery device having a needle length
suited for intradermal injection to aspirate a syringe with drug substance from a multi-
use vial. Thus, there are shortcomings in the prior art that prevent administering an
intradermal injection using a "standard" length needle and a multi-use vial. It would
be advantageous to have a drug delivery device capable of accessing substances
stored in multi-dose vials and delivering such substances into the intradermal region
of the skin without encountering the shortcomings described above.

[0006] A conventional syringe 101 is shown in FIG. 1. The needle 103 is
sufficiently long to deliver the drug to the subcutaneous region of the skin. However,
a user would not be able to easily deliver the drug to the intradermal region of the
skin, as discussed above.

[0007] Existing drug delivery pens offer several advantages over syringe-based
systems for delivering insulin subcutaneously. Reusable drug delivery pens hold 20
or more doses without requiring the drug cartridge to be refilled. Dose setting is
achieved simply with the use of a dial. However, those injection systems are designed
for low pressure subcutaneous injections. Intradermal injection of insulin and other
medications pfovides faster uptake of the drug, thereby leading to improved therapy.
Existing drug delivery pens have several limitations regarding intradermal drug
delivery. First, the mechanical advantage provided by the pen is minimal and requires
the user to supply upwards of 20 lbs of force to generate sufficient pressure.

Secondly, the pen components can be damaged by this high force, resulting in leaking

and inaccuracy at the high pressures.
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[0008] Drug delivery pens, such as the exemplary drug delivery pen 100 shown in
FIGS. 2 and 3, are designed for subcutaneous injections and typically comprise a dose
knob/button 24, an outer sleeve 13, and a cap 21. The dose knob/button 24 allows a
user to set the dosage of medication to be injected. The outer sleeve 13 is gripped by
the user when injecting medication. The cap 21 is used by the user to securely hold
the drug delivery pen 100 in a shirt pocket, purse or other suitable location and
provide cover/protection from accidental needle injury.

[0009] FIG. 3 is an exploded view of the drug delivery pen 100 of FIG. 2. The
dose knob/button 24 has a dual purpose and is used both to set the dosage of the
medication to be injected and to inject the dosed medicament via the leadscrew 7 and
stopper 15 through the medicament cartridge 12, which is attached to the drug
delivery pen through a lower housing 17. In standard drug delivery pens, the dosing
and delivery mechanisms are all found within the outer sleeve 13 and are not
described in greater detail here as they are understood by those knowledgeable of the
prior art. The distal movement of the plunger or stopper 15 within the medicament
cartridge 12 causes medication to be forced into the needle 11 of the hub 20. The
medicament cartridge 12 is sealed by septum 16, which is punctured by a septum
penetrating needle cannula 18 located within the hub 20. The hub 20 is preferably
screwed onto the lower housing 17, although other attachment means can be used,
such as attaching to the cartridge. To protect a user, or anyone who handles the pen
injection device 100, an outer cover 69, which attaches to the hub 20, covers the hub.
An inner shield 59 covers the patient needle 11 within the outer cover 69. The inner
shield 59 can be secured to the hub 20 to cover the patient needle by any suitable
means, such as an interference fit or a snap fit. The outer cover 69 and the inner
shield 59 are removed prior to use. The cap 21 fits snugly against outer sleeve 13 to
allow a user to securely carry the drug delivery pen 100.

[0010] The medicament cartridge 12 is typically a glass tube sealed at one end
with the septum 16 and sealed at the other end with the stopper 15. The septum 16 is

pierceable by a septum penetrating cannula 18 in the hub 20, but does not move with
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respect to the medicament cartridge 12. The stopper 15 1s axially displaceable within
the medicament cartridge 12 while maintaining a fluid tight seal.

[0011] The backpressure in subcutaneous injections is not very large, while the
backpressure associated with intradermal injections may be many times greater than
that of subcutaneous injections. For example, the backpressure often exceeds 200 psi
for an intradermal injection, while the backpressure for a subcutaneous injection is
generally in the range of 30 — 50 psi. Accordingly, in view of the large force required
to inject medication into the intradermal layer with existing drug delivery pens,
injecting the medication intradermally is difficult. A need exists for a drug delivery
pen that has a high mechanical advantage to reduce thumb forces required to
overcome the initial high breakout force in the cartridge during an intradermal
injection.

[0012] Furthermore, the drug delivery pen components can be damaged due to
being subjected to the high pressures associated with intradermal injections, thereby
resulting in medication leakage and dose inaccuracy. Accordingly, a need exists for a
drug delivery device that diverts the large pressures associated with an intradermal

injection from the original medication container.

Summary of the Invention

[0013] In accordance with an aspect of the present invention, a drug delivery
device is provided that facilitates injecting insulin or other medications at high
pressures.

[0014] In accordance with another aspect of the present invention, a drug delivery
device has a secondary chamber that amplifies the injection force, thereby facilitating
intradermal medication injections.

[0015] In accordance with yet another aspect of the present invention, high
pressures associated with intradermal injections are diverted from the original
medication container to prevent medication leakage and inaccurate doses.

[0016] In accordance with another aspect of the present invention, a drug delivery

device is compact, thereby increasing usability and portability of the device.
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[0017] The drug delivery device operates in a similar manner to existing reusable
drug delivery pens. A disposable needle is attached to the drug delivery device, the
user dials a dose, inserts the needle into the skin at an injection site, and then injects
the medication. The drug delivery device has a system that transports a user-
determined bolus of the medication from an original medication container (or
cartridge) to a secondary chamber using a compression spring to provide a force on
the container. The secondary chamber employs a smaller cross sectional area than the
original medication container to amplify injection pressure at a given input force. The
user sets the desired dose via a dose setting knob similar to existing drug delivery
pens. When the dose is set, the dose is moved to the secondary chamber using a
spring that supplies a force on the drug container. After the needle is inserted, the
plunger is depressed to inject the dose into the patient.

[0018] Objects, advantages, and salient features of the invention will become
apparent from the following detailed description, which, taken in conjunction with the

annexed drawings, discloses exemplary embodiments of the invention.

Brief Description of the Drawings

[0019] The above benefits and other advantages of the various embodiments of
the present invention will be more apparent from the following detailed description of
exemplary embodiments of the present invention and from the accompanying drawing
figures, in which: ‘

[0020] FIG. 1 is a front elevational view of a syringe;

[0021] FIG. 2 is a perspective view of a drug delivery pen;

[0022] FIG. 3 is an exploded perspective view of the drug delivery pen of FIG. 2;
[0023] FIGS. 4A - 4C is a perspective view of a drug delivery device according
to an exemplary embodiment of the present invention;

[0024] FIG. 5 is an elevational view in cross section of the drug delivery device of
FIGS. 4A - 4C;

[0025] FIGS. 6A and 6B are elevational views in cross section of a conduit

connecting the original medication container and the secondary chamber;
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[0026] FIG. 7 is an elevational view in cross section of the drug delivery device of
FIG. 4,

[0027] FIGS. 8A - 8D are perspective views of a drug delivery device according
to another exemplary embodiment of the present invention;

[0028] FIG. 9 is an elevational view in cross section of the drug delivery device of
FIGS. 8A - 8D;

[0029] FIGS. 10 — 15 illustrate setting the dose in the drug delivery device of
FIGS. 8A - 8D;

[0030] FIGS. 16 and 17 illustrate filling the secondary chamber in the drug
delivery device of FIGS. 8A — 8D; and

[0031] FIGS. 18 — 21 illustrate delivering the dose with the drug delivery device
of FIGS. 8A - 8D.

[0032] Throughout the drawings, like reference numbers will be understood to

refer to like parts, components and structures.

Detailed Description of the Exemplary Embodiments

[0033] The drug delivery device according to exemplary embodiments of the
present invention allows the user to inject medication at high pressures with lower
input forces by decoupling the primary (original) drug container and its cross
sectional area from the injection mechanics.

[0034] The drug delivery device has advantages in improved dose accuracy and
reduced medicament leakage over existing drug delivery pens 100 (FIGS. 2 and 3) by
diverting high pressures away from the original medicament container (cartridge 12).
At high pressures, the drug container stopper 15 can deform, which changes the
volume and results in dose inaccuracies. Additionally, when the stopper 15 is allowed
to equilibrate and return to its natural volume after the needle 11 is removed from the
intradermal space and the back pressure dissipates, unwanted expulsion of the drug
can occur.

[0035] In an exemplary embodiment of the present invention shown in FIGS. 4 —-

7, a dual-chambered drug delivery device 201 injects insulin, high viscosity



WO 2010/077280 PCT/US2009/006423

medicaments, or other medicaments at high pressures. A disposable needle 203 is
attached to the end of the device 201, which houses an original medicament container
(cartridge) or first chamber 211. Preferably, the needle 203 is an intradermal needle.
Alternatively, the needle may be a subcutaneous needle. Preferably, the needle is a
small gauge needle, such as a 34 gauge needle.

[0036] The user dials a dose on the dose set knob 213, inserts the needle 203, and
then injects the medicament. The drug delivery device 201 diverts the high pressure
from the original drug container, first chamber, 211 to prevent medicament leakage
and inaccurate doses.

[0037] The injection pressure is decoupled from the original medicament
container 211 by moving the medicament dose to a secondary chamber 221 via a
conduit (fluid channel) 231 using a pressure (created by the user input force that
releases compression spring 243) in the first chamber 211 and a two-valve system for
injecting the dialed dose from the secondary chamber 221 into the patient. The first
and second chambers are disposed in a housing 225. A lever 245 extending
outwardly from the housing 225 is operated by the user to release the compression
spring 243. The first valve 233 opens to allow the secondary chamber 221 to fill
while the second valve 235 is closed. During injection, the first valve 233 closes and
the second valve 235 opens to allow the medicament dose to be injected. The
secondary chamber 221 has a smaller cross sectional area than the first chamber 211,
thus providing higher pressure with the same user input force. Using the relationship
of pressure, force and area, P = F/A, a chamber with half the cross sectional area
produces twice the pressure at a given load. A first longitudinal axis through the
needle 203 is parallel to and spaced from a second longitudinal axis through the
cartridge 211, as shown in FIG. 7.

[0038] Dose accuracy and drooling issues related to cartridge stopper effects
under high pressure in existing drug delivery pens 100 (FIGS. 2 and 3) are reduced by
decoupling the high injection pressure from the primary medicament container (first
chamber 211) and into a less-pressure sensitive (in terms of deformation) secondary

chamber 221 and stopper.
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[0039] Further, dose accuracy is higher than that of existing drug delivery pens as
the stopper travel distance to deliver 1 unit of medicament out of the smaller
secondary chamber 221 is approximately 1 mm when compared to the approximately
0.15 mm stopper travel distance to deliver 1 unit out of the larger primary drug
container (first chamber 211). This improved dose accuracy over existing drug
delivery pens 100 (FIGS. 2 and 3) is significant, particularly at low dose ranges.
[0040] Component deformation due to high pressure (or user force) is also limited
as the user force is applied via a rotating thumb button 215 directly to the linearly
plunger rod 223 of the smaller second chamber 221, eliminating the need for
complicated force transfer and amplification mechanisms (user to stopper 15) often
used in existing drug delivery pens 100 (FIGS. 2 and 3). In most existing drug
delivery pens 100, the dose delivered is the result of a linear displacement of a drive
screw 7 that translates a given length dependent on the dialed bolus volume. The
dialed bolus determines the stroke length of the injection. The user imparts a force on
the injection button 24 and completes the stroke length of the injection. The force and
stroke of the injection motion are translated into a torque. The torque is then used to
drive the drive screw 7 linearly forward. This type of system produces inaccuracies at
the low end of the dosing range due to the complex relationship between the initial
stroke and the final drive screw motion.

[0041] Alternatively, because the cross sectional area of the second chamber 221
in the present invention is smaller than that of most existing drug delivery pens 100,
the torque used to drive the system is significantly less, while using the same linear
method for injection.

[0042] Afier the initial priming mechanism of the primary drug container 211 is
engaged, the compression spring 243 is released, pressurizing the primary drug
container via a bendable rack 241.

[0043] Medicament is moved from the first chamber 211 through the conduit 231
into the second chamber 221 that has the first valve 233 and the second valve 235.
The filling of the second chamber 221 is accomplished by exerting a force Fs on the

first chamber 211 using a compression spring 243 that creates a pressure greater than
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the opening pressure of the first valve 233 (V). The force from the injection causes
the thin shoulder of the first valve 233 (V) to deflect, because this force is less than
the friction force of the plunger 223, and closes the first valve 233 (V). The second
valve 235 (V) is only opened when the reactive force from the skin during injection
is great enough to compress the second spring 251 due to sliding components, thereby
moving the needle 203 through the septum 253.

[0044] The exemplary embodiment of FIGS. 4 — 7 may also include a dose
tracking system that upon spring engagement uses a hinged rack 241 to track the
stopper 261 displacement inside the first chamber 211. The dose set knob 213 is
coupled rotationally with an externally threaded component 271 that is fixed
rotationally, but is allowed to slide within the device. As the medicament is emptied
from the first chamber 211, the hinged rack 241 advances until the foot 271 collides
with the threaded nut 273, preventing further dose setting with the limited
medicament available in the first chamber 211. Alternatively, the medicament dose
may also be tracked by a nut integrated into the dose setting mechanism. This nut
tracks the cumulative dose delivered and prevents the user from setting a larger dose
than the available medicament as the nut engages with a mechanical stop. This allows
for a more compact device design.

[0045] The second chamber 221 has a smaller cross sectional area than the first
chamber thus providing higher pressure using the same input force. Standard 3.0 mL
insulin cartridges (first chamber 211) have a diameter of approximately 9.7 mm,
thereby resulting in a cross sectional area of A = ar’ = 4.85% * 3.14159 = 73.9mm’.
The second chamber 221 of the drug delivery device 201 may have a diameter of 3.5
mm resulting in cross sectional area of 1.75% * 3.14159 = 9.62mm*. For a given
pressure, P, a force multiplication is achieved using the following relationships: P =
F\/A,, P =F,/A;. Therefore, F|/A| =F,/A;. The force multiplier My, F/F, becomes
the ratio of the areas, Aj/A; M= 73.9/9.62=7.7.

[0046] Therefore, an exemplary embodiment of the present invention requires

approximately seven (7) times less force to achieve the same injection pressure as a
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drug delivery device 100 (FIGS. 2 and 3) that applies force directly to the medicament
cartridge 12 without force amplification.

[0047] Another exemplary embodiment of a dual-chambered drug delivery device
301 of the present invention is shown in FIGS. 8 — 21. The drug delivery device 301
operates similarly to the exemplary embodiment shown in FIGS. 4 — 7. A dose is set,
the secondary chamber is filled, and the dose is delivered intradermally.

[0048] A cartridge 341 is movably disposed in the housing 303. The cartridge
341 has a first chamber 342 in which a medicament is stored. An end 344 of the first
chamber 341 extends externally of the housing 303. A second chamber 331 is in fluid
communication with the first chamber 342. The first chamber 342 and the second
chamber 331 are disposed in a housing 303. A needle hub 361, in which an
intradermal needle 363 is rigidly fixed, is threadably engaged with the housing 303.
As shown in FIG. 9, a first longitudinal axis through the needle 363 is parallel to and
spaced from a sécond longitudinal axis through the cartridge 341.

[0049] A medicament dose is set and tracked by a stop nut 313 disposed on a
track cylinder 317. Preferably, the stop nut 313 is unitarily formed with the track
cylinder 317 as one piece. The dose knob 321 threads out of the housing 303 to set
the allowable dose in the second chamber 331, as shown in FIGS. 15 — 17. When the
medicament dose is set, the track nut 315 rises with the dose knob 321. The track nut
315 is threadably engaged on an outer surface of the track cylinder 317. A track
clutch 319 engages the track nut 315 with the dose knob 321 during the injection
(FIGS. 18 — 21). When the medicament dose is delivered, the track clutch 319 is
engaged with the track cylinder 317, such that the track nut 315 maintains its position
on the track cylinder 317. The track clutch 319 is engaged with the track cylinder 317
such that the dose knob 321, track cylinder 317, track clutch 319 and track nut 315
rotate together, such that the track nut 315 is not moved by the downward rotation of
the dose knob 321. When the medicament dose is being set, as shown in FIG. 19, the
clutch spring 320 biases the track clutch 319 away from the track cylinder 317 such
that the track clutch 319 rotates with the dose knob 321, thereby rotating the track nut
315 upwardly on the fixed track cylinder 317. Because the track cylinder 317 is

10
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disengaged from the track clutch 319, the track cylinder 317 does not rotate with the
dose knob 321, track clutch 319 and track nut 315, thereby allowing the track nut 315
to rotate upwardly on the track cylinder 317. Medicament doses can be repeatedly
dialed until the track nut 315 has been rotated upwardly on the track cylinder 317 and
abuts the stop nut 313, thereby preventing additional medicament doses from being
drawn. The position on the stop nut 313 corresponds to a predetermined amount of
medicament remaining in the first chamber 342, which is an amount insufficient for
an additional medicament dose to be drawn.

[0050] FIGS. 10 — 15 illustrate the operation of the track nut 315 when the
medicament dose is being set. The dose knob 321 is coupled to the track clutch 319
and the track nut 315. When setting the medicament dose, the track nut 315 rotates
with the dose knob 321 such that the track nut 315 nises upwardly on the track
cylinder 317. A clutch spring 320 of the track clutch 319 keeps the clutch 319 and the
track cylinder 317 separated when setting the medicament dose. As shown in FIG.
19, the clutch spring 320 biases the track clutch 319 upwardly away from a base 381
of the track cylinder 317. Grooves on an upper surface of the base 381 of the track
cylinder engage grooves on the track clutch 319 when the track clutch 319 engages
the track cylinder 317, as shown in FIG. 21.

[0051] FIGS. 16 and 17 illustrate the operation of transferring a medicament dose
to the second chamber 331. The original drug container (or cartridge) 341 moves
upwardly and has the first chamber 342 therein in which the medicament is stored. A
spring 343 within the cartridge 341 is always loaded. A needle 345 is embedded in a
septum 347. The container 341 is pushed downwardly from a first position (FIG. 16)
to a second position (FIG. 17), thereby causing the needle 345 to pierce the septum
347 and transferring the medicament dose to the second chamber 331. A spring 349
returns the cartridge 341 to the first position in which the needle 345 is not piercing
the septum 347, as shown in FIG. 16.

[0052] FIGS. 18 — 21 illustrate delivering the medicament dose with the drug
delivery device 301. The spring 320 of the clutch 319 keeps the clutch 319 and the

track cylinder 317 separated during the dose setting such that the track nut 315 moves

11
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upwardly along the track cylinder as the dose knob 321 is withdrawn to a second
position (FIG. 18). The amount the dose knob 321 is withdrawn determines the size
of the second chamber, thereby determining the size of the medicament dose. When

" the dose button 323 is pushed downwardly to a first position (FIG. 9) to deliver the
medicament dose (by moving the drive screw 391 and stopper 393 downwardly
through the second chamber 331), the clutch 319 engages the track cylinder 317 such
that the track cylinder 317, the track nut 315 and the clutch 319 rotate together.
Therefore, the track nut 315 does not move away from the stop nut 313 during
delivery of the medicament dose. Accordingly, when a medicament dose 1s next set,
the track nut 315 moves upwardly closer to the stop nut 313 on the track cylinder 317.
When the track nut 315 abuts the stop nut 313 on the track cylinder 317, the dose
knob 321 is prevented from moving such that a further medicament dose is prevented
from being drawn from the first chamber 342 to the second chamber 331.
[0053] Alternatively, the drug delivery device according to exemplary
embodiments of the present invention can be used as a reconstituting drug delivery
system. The first chamber contains a diluent. The second chamber, which can be
removable/replaceable, contains a solid drug. Accordingly, the drug delivery device
enables a reconstitution or resuspension system. The first chamber can store
sufficient diluent for many injections, and the second chamber can store a solid drug
for fewer injections, such as one or two. Accordingly, the drug delivery device
according to exemplary embodiments of the present invention can be used as a
reconstitution system, including as a reconstitution system for high pressure
injections.
[0054] The foregoing embodiments and advantages are merely exemplary and are
not to be construed as limiting the scope of the present invention. The description of
exemplary embodiments of the present invention is intended to be illustrative, and not
to limit the scope of the present invention. Various modifications, alternatives and
variations will be apparent to those of ordinary skill in the art, and are intended to fall
within the scope of the invention as defined in the appended claims and their

equivalents.
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CLAIMS
1. A dual-chambered drug delivery device, comprising:

a first chamber in which a medicament is stored;

a second chamber in fluid communication with said first chamber, a
medicament dose being transferred to said second chamber from said
first chamber prior to injecting the medicament dose; and

a needle communicating with said second chamber for injecting the
medicament dose into an injection site, a first longitudinal axis through
said needle being parallel to and spaced from a second longitudinal

axis through said first chamber.

2. The dual-chambered drug delivery device according to claim 1, wherein
said second chamber has a smaller cross sectional area than said first

chamber.

3. The dual-chambered drug delivery device according to claim 1, wherein
a first valve is disposed between said first chamber and said second

chamber.

4. The dual-chambered drug delivery device according to claim 3, wherein

a second valve is disposed between said second chamber and said needle.

5. The dual-chambered drug delivery device according to claim 4, wherein
said first valve is open and said second valve is closed when transferring
the medicament dose from the first chamber to the second chamber,
and said first valve is closed and said second valve is open when
injecting the medicament dose from said second chamber through said

needle and into the injection site.

13
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6. The dual-chambered drug delivery device according to claim 1, wherein
a spring compresses said first chamber to transfer the medicament dose to

said second chamber.

7. The dual-chambered drug delivery device according to claim 1, wherein
the medicament dose is transferred through a conduit from said first

chamber to said second chamber.

8. A dual-chambered drug delivery device, comprising:

a housing;

a cartridge disposed in said housing and having a first chamber in which a
medicament is stored, said cartridge being axially movable in said
housing;

a second chamber disposed in said housing and being in fluid
communication with said first chamber, a medicament dose being
transferred to said second chamber from said first chamber prior to
injecting the medicament dose; and

a needle communicating with said second chamber for injecting the

medicament dose into an injection site.

9. The dual-chambered drug delivery device according to claim 8, wherein
said second chamber has a smaller cross sectional area than said first

chamber.

10. The dual-chambered drug delivery device according to claim 8, wherein
said cartridge is moved axially from a first position to a second position to
transfer the medicament dose from said first chamber to a second
chamber; and
a spring returns said cartridge to said first position after the medicament

dose is in said second chamber.

14
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11.

12.

13.

14.

15.

16.

The dual-chambered drug delivery device according to claim 8, wherein
a dose knob is rotated out of said housing from a first position to a second
position to draw the medicament dose; and
a track nut is rotated on a threaded portion of a track cylinder in response

to the rotation of said dose knob.

The dual-chambered drug delivery device according to claim 11, wherein
said dose knob is rotated to said first position to inject the medicament
dose, said track nut not rotating on said track cylinder during the

injection.

The dual-chambered drug delivery device according to claim 12, wherein
a stop nut is disposed on said track cylinder, when said track nut abuts said

stop nut further medicament doses are prevented from being drawn.

The dual-chambered drug delivery device according to claim 13, wherein

said stop nut is unitarily formed as one piece with said track cylinder.

The dual-chambered drug delivery device according to claim 13, wherein
a track clutch is disposed between said dose knob and said track cylinder,
said track clutch being disengaged from said track cylinder during the
dose setting to allow said track nut to rotate on said track cylinder, and
said track clutch being engaged with said track cylinder during the

injection to prevent said track nut from rotating on said track cylinder.

The dual-chambered drug delivery device according to claim 15, wherein

a clutch spring biases the track clutch away from the track cylinder.

15
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17.  The dual-chambered drug delivery device according to claim 8, wherein
a first longitudinal axis through said needle is parallel to and spaced from a

second longitudinal axis through said cartridge.

18. A method of injecting medicament using a dual-chambered drug delivery
device, comprising the steps of:
storing a medicament in a first chamber;
transferring a medicament dose from the first chamber to a second
chamber; and
injecting the medicament dose from the second chamber into an injection

site.

19.  The method of injecting medicament using a dual-chambered drug delivery
device according to claim 18, further comprising

tracking the amount of the medicament stored in the first chamber.

20. The method of injecting medicament using a dual-chambered drug delivery
device according to claim 19, further comprising
preventing the medicament dose from being transferred when the stored

medicament being tracked is less than a predetermined amount.

16
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