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DUAL-CHAMBERED DRUG DELIVERY DEVICE

FOR HIGH PRESSURE INJECTIONS

Cross Reference to Related Application

[0001] This application claims the benefit under 35 U.S.C. § 119(e) of U.S.

Provisional Application Serial No. 61/193,593, 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.e., 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 injection is



administered. The health care provider must also attempt to precisely control the

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] 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 medicament to the intradermal region of

the skin, as discussed above.

[0006] 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 provides 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. Second,

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

inaccuracy at the high pressures.

[0007] 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 2 1. 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 2 1 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.

[0008] 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 2 1 fits snugly against outer sleeve 13 to

allow a user to securely carry the drug delivery pen 100.

[0009] 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

respect to the medicament cartridge 12. The stopper 15 is axially displaceable within

the medicament cartridge 12 while maintaining a fluid tight seal.

[OOIO] 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. Existing drug delivery pens require a large force to

inject medication into the intradermal layer, thereby making the intradermal

medication injection difficult. 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. Thus, a need exists for a drug delivery pen that

provides a mechanical advantage to facilitate an injecting a medicament dose

intradermally. Furthermore, the drug delivery pen components can be damaged due



to the high pressures associated with intradermal injections, thereby resulting in

medication leakage and dose inaccuracy.

Summary of the Invention

[001 1] In accordance with an aspect of the present invention, a drug delivery

device is provided that facilitates injecting insulin or other medicaments at high

pressures.

[0012] In accordance with another aspect of the present invention, a drug delivery

device has a second chamber that amplifies the injection force, thereby facilitating

intradermal medication injections.

[0013] In accordance with yet another aspect of the present invention, high

pressures associated with intradermal injections are diverted from the original

medicament container to substantially prevent medication leakage and inaccurate

doses.

[0014] In accordance with another aspect of the present invention, a drug delivery

device has a dose limiter that prevents a user from dialing a dose that is greater than

the available medicament.

[0015] The drug delivery device operates by transporting a bolus of medication

from a primary container (or cartridge) to a secondary chamber using a fluid channel

and a compression spring, thereby resulting in a positive pressure differential between

the cartridge and the secondary chamber. The secondary chamber employs a smaller

cross sectional area than the original medicament container to amplify injection

pressure at a given input force on a plunger rod. In the ready state, the secondary

chamber contains a full bolus (or maximum dose). The user then dials a desired dose

that in turn moves a dose setter relative to the plunger rod to indicate the number of

units. After the needle is inserted, the plunger rod is depressed to inject the dialed

dose into the patient.

[0016] 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

[0017] 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:

[0018] FIG. 1 is a front elevational view of a syringe;

[0019] FIG. 2 is a perspective view of a drug delivery pen;

[0020] FIG. 3 is an exploded perspective view of the drug delivery pen of FIG. 2;

[0021] FIG. 4 is a perspective view of a drug delivery device according to a first

exemplary embodiment of the present invention;

[0022] FIG. 5 is a partial perspective view in cross section of the drug delivery

device of FIG. 4;

[0023] FIG. 6 is a front elevational view of the drug delivery device of FIG. 4;

[0024] FIG. 7 is a side elevational view in cross section of the drug delivery

device of FIG. 4;

[0025] FIG. 8 is a front elevational view in cross section of the drug delivery

device of FIG. 4;

[0026] FIG. 9 is a partial front elevational view in cross section of the drug

delivery device of FIG. 4;

[0027] FIG. 10 is a perspective view of a drug delivery device according to a

second exemplary embodiment of the present invention;

[0028] FIG. 11 is a front elevational view of the drug delivery device of FIG. 10;

[0029] FIG. 12 is a side elevational view in cross section of the drug delivery

device of FIG. 10;

[0030] FIGS. 13A, 13B and 13C are perspective views of a drug delivery device

according to a third exemplary embodiment of the present invention;

[0031] FIGS. 14 - 26 illustrate priming and pressurization of the cartridge of the

drug delivery device of FIG. 13;



[0032] FIG. 27 illustrates a two-valve system used in the drug delivery device of

FIG. 13;

[0033] FIGS. 28 and 29 illustrate operation of a disk valve as the first valve

assembly of the drug delivery device of FIG. 13;

[0034] FIGS. 30 - 33 illustrate operation of a flap valve as the first valve

assembly of the drug delivery device of FIG. 13;

[0035] FIGS. 34 and 35 illustrate operation of a pressure relief valve as the second

valve assembly of the drug delivery device of FIG. 13;

[0036] FIGS. 36 - 39 illustrate operation of the filling of a second chamber of the

drug delivery device of FIG. 13;

[0037] FIGS. 40 - 44 illustrate operation of the dose setting of the drug delivery

device of FIG. 13; and

[0038] FIGS. 45 - 49 illustrate delivering the dose with the drug delivery device

of FIG. 13.

[0039] Throughout the drawings, like reference numbers will be understood to

refer to like parts, components and structures.

Detailed Description of the Exemplary Embodiments

[0040] 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 or cartridge and its

cross sectional area from the injection mechanics.

[0041] The drug delivery device has advantages in improved dose accuracy and

reduced medicament leakage over existing drug delivery pens by diverting high

pressures away from the cartridge, particularly the cartridge stopper. At high

pressures, the cartridge stopper can deform, which can change the delivery volume

and result in dose inaccuracies. Additionally, when the cartridge stopper is allowed to

equilibrate and return to its natural volume after the needle is removed from the

intradermal space and the back pressure dissipates, unwanted expulsion of the

medicament can occur.



[0042] In an exemplary embodiment of the present invention shown in FIGS. 4 -

9, a drug delivery device 201 injects insulin or other medicaments at high pressures.

A first chamber 205 of a cartridge 211 and a second chamber 221 are disposed in a

device housing 202. A needle hub 204 is connected to the housing 202. A needle 203

is rigidly fixed in the needle hub 204 and communicates with the second chamber

221. 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. The drug delivery device according to exemplary embodiments of

the present invention injects insulin, high viscosity medicaments, or other

medicaments at high pressures.

[0043] A bolus of medication is transported from the first chamber 205 of the

primary container (or cartridge) 2 11 to the second chamber 221 using a fluid channel

231 and a compression spring 222, thereby resulting in a positive pressure differential

between the cartridge 2 11 and the second chamber 221. The second chamber 221

employs a smaller cross sectional area than the first chamber 205 of the cartridge 2 11

to amplify injection pressure at a given input force on a plunger rod 212. The

compression spring 222 extends between a spring housing 223 and a stopper 215

disposed in the cartridge 2 11. The spring housing 223 extends externally of the

device housing 202 such that the spring housing 223 is accessible by the user.

[0044] In the ready state, the second chamber 221 contains a full bolus (or

maximum dose). The user then dials a desired dose on a dose wheel 213 that in turn

moves a dose setter relative to the plunger rod 212 to indicate the number of units.

The size of the dialed dose may be indicated on the plunger rod 212. After the needle

203 is inserted, the plunger rod 212 is depressed to inject the dialed medicament dose

into the patient. The drug delivery device 201 diverts the high pressure from the first

chamber 205 of the cartridge 2 11 to prevent medication leakage and inaccurate doses.

As shown in FIG. 6, a longitudinal axis through the center of the dose setting wheel

213 is substantially parallel to a direction of travel of the plunger rod 212.

[0045] As shown in FIGS. 4 - 9, the injection pressure is decoupled from the

cartridge 2 11 by moving the medicament to a second chamber 221 via a conduit (fluid



channel) 231 using a pressure (created by the user input force that releases the

compression spring 222) in the cartridge 2 11 and a two-valve system for injecting the

dialed dose from the secondary chamber 221 into the patient. The first valve 214

opens to allow the second chamber 221 to fill while the second valve 216 is closed.

During injection, the first valve 214 closes and the second valve 216 opens to allow

the medicament dose to be injected. The second chamber 221 has a smaller cross

sectional area than the first chamber 205 of the cartridge 2 11 thus providing higher

pressure with the same user input force. Using the relationship of pressure, force and

area, P = F/A, a second chamber 221 with half the cross sectional area of the first

chamber 205 produces twice the pressure at a given load.

[0046] Improved dose accuracy and reduced "drooling" problems related to

cartridge stopper effects under high pressure are obtained by decoupling the high

injection pressure from the primary drug container (cartridge) 2 11 and into a less-

pressure sensitive (in terms of deformation) second chamber 221 and stopper 224.

[0047] Further, dose accuracy is higher than that of existing drug delivery pens as

the travel distance of the plunger rod stopper 224 to deliver 1 unit of medication out

of the smaller second chamber 221 is approximately 1 mm when compared to the

approximately 0.15 mm travel distance of the cartridge stopper 215 to deliver 1 unit

out of the larger first chamber 205 of the cartridge 2 11. This improved dose accuracy

over existing drug delivery pens is significant, particularly at low dose ranges.

[0048] Component deformation due to high pressure (or user force) is also limited

as the user force is applied directly to the linearly moveable plunger rod 212 of the

smaller second chamber 221, thereby eliminating the need for force transfer and

amplification mechanisms (from the user input on dose knob 24 to the cartridge

stopper 15 of FIG. 3) often used in existing drug delivery pens. In most existing drug

delivery pens, the dose delivered is the result of a linear displacement of a drive screw

7 (FIG. 3) 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 dose knob 24 (FIG. 3) 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 can produce

inaccuracies at the low end of the dosing range due to the complex relationship

between the initial stroke and the final drive screw motion.

[0049] After the initial priming mechanism of the cartridge 2 11 is engaged (a

septum-piercing needle piercing a septum of the cartridge 2 11), the compression

spring 222 is released, pressurizing the cartridge 2 11.

[0050] Medicament is moved from the first chamber 205 of the cartridge 2 11

through the fluid conduit 231 into the second chamber 221 that is equipped with two

one-way valves 214 and 216. The filling of the second chamber 221 is accomplished

by exerting a force Fcs on the original container 2 11 using a compression spring 222

that creates a pressure greater than the opening pressure of the first valve, Vi, 214 but

less than the opening pressure of the second external valve, V2, 216. During the

injection, the user depresses the plunger rod 212 and the pressure inside the second

chamber 221 rises until the pressure exceeds the cracking pressure of the second

valve, V2, 216 (and opens the second valve 216) and backpressure from the

intradermal space, at which state the medicament dose is delivered.

[0051] The second chamber 221 has a smaller cross sectional area than the first

chamber 205 of the cartridge 2 11, thereby providing higher pressure using the same

user input force. Standard 3.0 mL insulin cartridges have a diameter of approximately

9.7 mm, thereby resulting in a cross sectional area of A = πr2 = 4.852 * 3.14159 = 73.9

mm2. In a preferred embodiment of the drug delivery device 201 , the second chamber

221 of the drug delivery device 201 has a diameter of 3.5 mm resulting in a cross

sectional area of 1.752 * 3.14159 = 9.62 mm2. For a given pressure, P, a force

multiplication is achieved using the following relationships: P = Fi/Ai, P = F2/A2.

Therefore, Fi/Ai = F2/A2. The force multiplier Mf, F /F2, becomes the ratio of the

areas, A,/A 2 M f = 73.9/9.62 = 7.7.

[0052] Therefore, the drug delivery device 201 according to an exemplary

embodiment of the present invention requires approximately seven (7) times less

force to achieve the same injection pressure as a device that applies force directly to

the insulin cartridge 12 (FIG. 3) without force amplification.



[0053] Alternatively, as shown in FIGS. 10 - 12, the user dials a medicament dose

by turning a dose setting wheel 303 of a drug delivery device 301 according to a

second exemplary embodiment of the present invention. As shown in FIG. 11, a

longitudinal axis through a center of the dose setting wheel 303 is substantially

perpendicular to a direction of the travel of a plunger rod 313 driven by the dose

setting wheel 303. Otherwise, the functionality and underlying technical principles of

the drug delivery device 301 are substantially similar to those of the first exemplary

embodiment shown in FIGS. 4 —9.

[0054] As shown in FIG. 12, a dose setting wheel gear 305 is rotatably engaged

with a plunger rod gear 3 11. The dose setting wheel gear 305 is rotated by the dose

setting wheel 303, which rotates the plunger rod gear 3 11. The plunger rod gear 3 11

is fixed to the device housing 302 and is rotatably disposed on the plunger rod 313.

Accordingly, rotation of the plunger rod gear 311 causes the plunger rod 313 to move

linearly through the fixed plunger rod gear 3 11. Rotation of the dose setting wheel

305 when setting a medicament dose results in upward travel of the plunger rod 313,

as shown in FIG. 11. The plunger rod 313 is then pushed back into the device

housing 302 to inject a medicament dose from the second chamber and into a patient's

skin at an injection site.

[0055] Another exemplary embodiment of a drug delivery device 401 of the

present invention is shown in FIGS. 13 - 49. The drug delivery device 401 operates

similarly to the drug delivery device 201 according to the first exemplary embodiment

shown in FIGS. 4 - 9 . A medicament dose is set, the second chamber is filled, and

the medicament dose is delivered intradermally. The drug delivery device 401 allows

priming and pressurization of the cartridge, employs valves to activate filling of the

second chamber and dose delivery, and allows a medicament dose to be set.

[0056] FIGS. 14 - 26 illustrate the operation of cartridge priming and

pressurization. FIGS. 16 - 20 show the drug delivery device 401 in a shipping state.

The cartridge 4 11 is pressurized and connected to the injection path upon first use.

Prior to the first use, the cartridge 4 11 is in a first position such that a cartridge

septum 408 is spaced from a septum-piercing needle 418, as shown in FIGS. 15 and



19. A button snap 414 of the cartridge button 413 is spaced from a first protrusion

412 of the device housing, as shown in FIGS. 15 and 16. A snap 416 of a cartridge

housing 415 is spaced from a second protrusion 407 of the cartridge housing 415, as

shown in FIGS. 15 and 17. Teeth 410 of the cartridge housing 415 engage a

compression spring 420 to space the compression spring 420 from a stopper 409

disposed in the cartridge 4 11.

[0057] To prime and pressurize the cartridge 4 11, the cartridge 4 11 is moved from

the first position shown in FIGS. 15 - 20 to a second position shown in FIGS. 2 1 - 26

in which the septum-piercing needle 418 pierces the cartridge septum 408. FIGS. 2 1

- 26 show the drug delivery device 401 when the cartridge button 413 is depressed.

The user pushes the cartridge button 413 downwardly into the device housing 403 to

prime and pressurize the cartridge 4 11. The cartridge button 413 is locked into the

device housing 403, as shown in FIG. 2 1 and 22, when the button snap 414 passes

over the first protrusion 412. The snaps 416 of the cartridge housing 415 lock the

cartridge housing 415 into the device housing 403, as shown in FIGS. 2 1 and 23, by

passing over the second protrusion 410. The septum-piercing needle 418 pierces the

septum 408 of the cartridge 4 11, which is positioned by device housing ribs 404, as

shown in FIGS. 18 and 24. The cartridge housing 415 has teeth 410 that are flexed

radially outwardly, as shown in FIG. 26, as the cartridge button 413 engages the

cartridge housing 415 and pushes the cartridge housing 415 downwardly, thereby

flexing the teeth 410 outwardly. The compression spring 420 then passes through the

teeth 410 of the cartridge housing 415 and engages the stopper 409 of the cartridge

4 11.

[0058] FIG. 27 illustrates the two-valve system used in the drug delivery device

401. A first valve 431 regulates flow between the first chamber 491 of the cartridge

4 11 and the second chamber 421 . Any suitable valve may be used, such as a disk

valve (FIGS. 28 and 29) or a flap valve (FIGS. 30 - 33). The first valve 431 allows

flow from the first chamber 491 of the cartridge 4 11 to the second chamber 421 when

the second chamber is being filled. The first valve 431 blocks flow from the second

chamber 421 to the first chamber 491 of the cartridge 4 11 when injecting a



medicament dose. A second valve 441 regulates flow from the second chamber 421

to the delivery needle 405. Any suitable valve may be used, such as a relief valve

(FIGS. 34 and 35). The second valve 441 opens when injecting pressure is applied to

the second chamber 421.

[0059] A disk valve 433 is shown in FIGS. 28 and 29. When pressure is applied

from the first chamber 491 of the cartridge 4 11, as shown in FIG. 28, the disk valve

433 is spaced away from the conduit 451 such that medicament may flow into the

second chamber 421 from the first chamber 491 . When pressure is applied from the

plunger 423, as shown in FIG. 29, the disk valve 433 is moved to a position abutting

the fluid conduit 451 such that medicament is prevented from entering the fluid

conduit 451 and flowing back to the first chamber 491 of the cartridge 4 11. The disk

valve seats against the surface opposite the higher pressure.

[0060] A flap valve 435 is shown in FIGS. 30 - 33. When pressure is applied

from the cartridge 4 11, as shown in FIG. 30, the flap 436 of the flap valve 435 is

disposed substantially horizontally (FIG. 33) such that medicament may flow into the

second chamber 421. When pressure is applied from the plunger, as shown in FIG.

31, the flap 436 of the flap valve 435 is moved downwardly (FIG. 32) such that

medicament is prevented from entering the fluid conduit 451 and flowing back to the

first chamber 491 of the cartridge 4 11.

[0061] FIGS. 34 and 35 illustrate operation of a pressure relief valve 443 when

used as the second valve. As shown in FIG. 34, the pressure relief valve 443 is in a

first position that prevents medicament from exiting the second chamber 421 when

the pressure in the second chamber 421 is less than the pre-load pressure of the

pressure relief valve (such as a rubber stopper). When the pressure in the second

chamber 421 exceeds the pre-load pressure of the pressure relief valve 443, as shown

in FIG. 35, the pressure relief valve moves downwardly to a second and open position

to allow medicament to exit the second chamber 421. The first valve 431 prevents

medicament from entering the fluid conduit 451 and flowing back to the first chamber

491 of the cartridge.



[0062] FIGS. 36 - 39 illustrate filling of the second chamber 421 . A ratchet arm

425 holds the plunger 423 in place, as shown in FIGS. 36 and 37. The ratchet arm

425 engages teeth 424 of the plunger 423, as shown in FIG. 37. Pushing a fill button

427 inwardly disengages the ratchet arm 425 from the teeth 424 of the plunger 423, as

shown in FIG. 39, thereby allowing the second chamber 421 to fill with medicament

supplied through conduit 451 from the first chamber 491 of the cartridge 4 11 and the

plunger 423 to move upwardly, as shown in FIG. 38.

[0063] FIGS. 40 - 44 illustrate setting a dose with the drug delivery device 401 .

As shown in FIGS. 40 and 41, a clutch 463 engages a dose setting member or wheel

461 to prevent slippage of the dose setting wheel 461 during an injection. The clutch

463 prevents the dose setting wheel 461 from being rotated. As shown in FIGS. 42

and 43, the clutch 463 disengages the dose setting wheel 461 for dialing a

medicament dose by separating the dose setting wheel 461 from the clutch 463, as

shown in FIGS. 42 and 44. Rotating the dose wheel 461 rotates the lead screw 465,

which in turn moves the dose slider 466 to the desired level. As shown in FIG. 40,

the dose slider 466 is lifted to a first position with the plunger 423 when the

medicament fills the second chamber 421 . The dose setting wheel 461 is then rotated

to move the dose slider to a second position corresponding to the desired medicament

dose. To fully inject the full medicament dose in the second chamber 421, the dose

slider is moved to a position in which the dose slider 466 abuts a lip 467 of the device

housing 403. A medicament dose less than a full dose results in the dose slider 466

being set at a position between the housing lip 467 and the top of the plunger 423, as

shown in FIG. 42. To correct a set medicament dose, the dose setting wheel 461 is

separated from the clutch 463 and the dose slider 466 is moved to the correct dose

setting. Furthermore, when no medicament is remaining in the first chamber 491 of

the cartridge 4 11, the plunger 423 does not lift when depressing the cartridge button

413 to fill the second chamber 421, thereby indicating the absence of sufficient

medicament to deliver a medicament dose.

[0064] FIGS. 45 - 49 illustrate the operation of delivering a dose. The plunger

423 is pushed downwardly to deliver the medicament dose. The clutch 463 engages



the dose setting wheel 461 to prevent movement of the dose setting wheel, thereby

preventing the amount of the medicament dose delivered from changing. The

injection stops when the plunger button 468 abuts the dose slider 466, as shown in

FIG. 45, thereby having delivered the set medicament dose.

[0065] A hook 485 of the dose slider 466 engages the ratchet arm 425 to limit

upper movement of the dose slider 466, as shown in FIG. 40. The dose slider 466 has

a locking arm 486 that engages teeth 487 that allows for upward movement of the

dose slider 466 and prevents downward movement of the dose slider 466. The dose

slider 466 is flexible/collapsible, as shown in FIG. 47, to disengage the locking arm

486 from the teeth 487 to allow the dose slider 466 to be moved downwardly to set

the medicament dose.

[0066] 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.

[0067] 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.



CLAIMS

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

a first chamber in which a medicament is stored;

a dose setting member for setting a medicament dose, said dose setting

member being rotatable to set the medicament dose, said dose setting

member not being axially moveable;

a second chamber in fluid communication with said first chamber, the

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.

2. The dual-chambered drug delivery device according to claim 1, wherein

a first longitudinal axis through said needle is parallel to and spaced from a

second longitudinal axis through said first chamber.

3. The dual-chambered drug delivery device according to claim 1, wherein

said second chamber has a smaller cross sectional area than said first

chamber.

4. The dual-chambered drug delivery device according to claim 1, wherein

an axis through said dose setting member is substantially parallel to a

longitudinal axis through said needle.

5. The dual-chambered drug delivery device according to claim 1, wherein

an axis through said dose setting member is substantially perpendicular to

a longitudinal axis through said needle.



6. The dual-chambered drug delivery device according to claim 5, wherein

a plunger rod gear is disposed on a plunger rod; and

a cam wheel gear connected to said dose setting member and rotatably

engaged with said plunger rod gear such that rotation of said dose

setting member rotates said cam wheel gear and rotation of said cam

wheel gear rotates said plunger rod gear, and rotation of said plunger

rod gear moves said plunger rod from a first position to a second

position.

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

a cartridge having a first chamber in which a medicament is stored;

a second chamber in fluid communication with said first chamber, a

portion of the medicament dose being transferred to said second

chamber from said first chamber prior to injecting the medicament

dose;

a dose setting member for setting a medicament dose, the medicament

dose being equal to or less than the portion of the medicament

transferred to said second chamber; and

a needle communicating with said second chamber for injecting the

medicament dose into an injection site.

8. The dual-chambered drug delivery device according to claim 7, wherein

said second chamber has a smaller cross sectional area than said first

chamber.

9. The dual-chambered drug delivery device according to claim 7, wherein

a spring engages a stopper in said cartridge to transfer the medicament

portion from said first chamber to said second chamber.



10 . The dual-chambered drug delivery device according to claim 7, wherein

a first valve regulates flow of the medicament between said first chamber

and said second chamber; and

a second valve regulates flow of the medicament dose between said second

chamber and said needle.

11. The dual-chambered drug delivery device according to claim 10, wherein

said first valve comprises a flap or disk valve.

12. The dual-chambered drug delivery device according to claim 10, wherein

said second valve comprises a pressure relief valve.

13. The dual-chambered drug delivery device according to claim 7, wherein

a plunger rod is moved when the medicament portion is transferred to said

second chamber.

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

rotation of said dose setting member moves a dose slider from a first

position flush with a free end of said plunger rod to a second position

corresponding to the medicament dose to be delivered.

15. The dual-chambered drug delivery device according to claim 14, wherein

a clutch engages said dose setting member to prevent rotation of said dose

setting member when the medicament dose is not being set.

16. The dual-chambered drug delivery device according to claim 7, wherein

a ratchet arm engages said plunger rod to prevent movement of said

plunger rod, thereby preventing the medicament portion from being

transferred to said second chamber.



17. 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 portion of the medicament from the first chamber to a

second chamber;

setting a medicament dose to be injected; and

injecting the set medicament dose from the portion of the medicament in

the second chamber into an injection site.

18. The method of injecting medicament using a dual-chambered drug delivery

device according to claim 17, wherein

the set medicament dose is less than or equal to the portion of the

medicament dose in the second chamber.

19. The method of injecting medicament using a dual-chambered drug delivery

device according to claim 17, 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.
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