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MULTI-STAGE DELIVERY SYSTEM

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Application No. 62/405,489,

filed October 7, 2016, which is incorporated herein by reference in its entirety.

TECHNICAL FIELD

[0002] Embodiments generally relate to medication delivery. More particularly,

embodiments relate to drug delivery systems for delivering multiple different drugs.

BACKGROUND

[0003] Many patients may be required to receive dosages of different drugs. Conventional

drug delivery systems, such as many conventional wearable drug delivery devices, typically only

provide a dosage of a single drug. Therefore, a patient may be required to use multiple

conventional drug delivery devices to receive the different drug dosages. With each additional

device, the patient is required to insert a new needle to facilitate delivery of each drug.

Accordingly, what is needed is a drug delivery system that can deliver multiple different drugs

and dosages in a less burdensome manner while reducing patient discomfort.



BRIEF DESCRIPTION OF THE DRAWINGS

[0004] FIG. 1 illustrates an exemplary multiple stage (multi-stage) drug delivery system.

[0005] FIG. 2 illustrates the multi-stage drug delivery system of FIG. 1 in a first stage of

operation.

[0006] FIG. 3 illustrates the multi-stage drug delivery system of FIG. 1 in a second stage

of operation.

[0007] FIG. 4 illustrates the multi-stage drug delivery system of FIG. 1 in a third stage of

operation.

[0008] FIG. 5 illustrates the multi-stage drug delivery system of FIG. 1 in a fourth stage of

operation.

[0009] FIG. 6 illustrates the multi-stage drug delivery system of FIG. 1 in a fifth stage of

operation.

[0010] FIG. 7 illustrates the multi-stage drug delivery system of FIG. 1 in a sixth stage of

operation.

[0011] FIG. 8 illustrates an exemplary method for delivering multiple liquid drugs to a

patient.



DETAILED DESCRIPTION

[0012] This disclosure presents various systems, components, and methods related to a

drug delivery system. Each of the systems, components, and methods disclosed herein

provides one or more advantages over conventional systems, components, and methods.

[0013] Various embodiments provide a multiple stage (multi-stage) drug delivery system and

method of use. The multi-stage drug delivery system can include two or more chambers for

storing liquid drugs. The multi-stage drug delivery system can deliver each drug to a user in

succession. The multi-stage drug delivery system can include the same drugs or different drugs.

The multi-stage drug delivery system can store and dispense the same amount of each drug or

different amounts of each drug. Each drug can be delivered at a desired rate over a desired

amount of time. The multi-stage drug delivery system can interface with a variety of different

fluid delivery mechanisms to pass the stored drugs to the user. The multi-stage drug delivery

system provides a simplified architecture for storing and dispending multiple different drugs to

the user within the same container, enabling the user to use a same needle insertion to deliver the

drugs. The multi-stage drug delivery device can be implemented within an on-body or

wearable drug delivery device. Other embodiments are disclosed and described.

[0014] Various embodiments include a multi-stage drug delivery system having a cartridge, a

first plunger positioned in the cartridge, and a second plunger positioned in the cartridge with the

second plunger spaced apart from the first cartridge. The first plunger can be accessible through

a first end of the cartridge. The first plunger, the second plunger, and the cartridge can form a

first chamber configured to store a first liquid drug. The second plunger and the cartridge can

form a second chamber configured to store a second liquid drug. A cannula can pierce the first



plunger to access the first liquid drug. As the first plunger is driven toward the second plunger,

the first liquid drug can be expelled from the first chamber for delivery to a patient through the

cannula. After expelling the first liquid drug, the cannula can pierce the second plunger to access

the second liquid drug. As the first and second plungers are together driven toward a closed end

of the cartridge, the second liquid drug can be expelled from the second chamber for delivery to

the patient through the cannula. The multi-stage drug delivery system allows two or more drugs

to be delivered to a patient at different predetermined times, in different amounts, and according

to different rates.

[0015] FIG. 1 illustrates a multi-stage drug delivery system 100. The multi-stage drug

delivery system 100 can include a cartridge 102, a first plunger 104, and a second plunger 106.

The multi-stage drug delivery system 100 can further include a first drug 108 and a second drug

110. The first and second drugs 108 and 110 can be any therapeutic agent including liquid

drugs. The first and second drugs 108 and 110 can be different therapeutic agents or drugs. The

multi-stage drug delivery system 100 can separately store and dispense the first and second drugs

108 and 110 using a common or shared drug delivery mechanism while enabling each drug to be

dispensed at different times according to different customized schedules (e.g., different rates of

delivery). The cartridge 102 can be of any size or shape. As an example, the cartridge 102 can

be cylindrical with a circular cross-sectional shape.

[0016] As shown in FIG. 1, the first drug 108 can be stored in a first chamber 114 defined by

the first plunger 104, the second plunger 106, and the cartridge 102. The storage and use of the

first drug 108 in the first chamber 114 can represent a first stage of the multi-stage drug delivery

system 100. The second drug 110 can be stored in a second chamber 116 defined by the second



plunger 106 and the cartridge 102. The storage and use of the second drug 110 in the second

chamber 116 can represent a second stage of the multi-stage drug delivery system 100.

[0017] The first and second drugs 108 and 110 can be hermetically separated and sealed by

the cartridge 102 and the first and second plungers 104 and 106 as shown in FIG. 1 . The first

and second plungers 104 and 106 can be elastomeric plungers. The first and second drugs 108

and 110 can be provided in a common device (e.g., the cartridge 102) while ensuring the first and

second drugs 108 and 110 are separately stored and dispensed. The first and second plungers

104 and 106 can be positioned anywhere along an interior portion of the cartridge 102.

[0018] The multi-stage drug delivery system 100 can be used in a drug delivery device that

provides the first and second drugs 108 and 110 to a user. For example, the multi-stage drug

delivery system 100 can be part of a bolus device and/or a wearable drug delivery device. The

multi-stage drug delivery system 100 can include the same or different amounts of the first and

second drugs 108 and 110 (e.g., the dosages of the first and second drugs 108 and 110 can be the

same or different). The first drug 108 can be dispensed first over a first amount of time at a first

rate of delivery with the second drug 110 dispensed over a second amount of time at a second

rate of delivery, after the first drug 108 is dispensed. The multi-stage drug delivery system 100

enables the first and second drugs 108 and 110 to be provided to the user using the same fluid

path to the user. Consequently, a single needle insertion can be used to deliver the first and

second drugs 108 and 110.

[0019] The multi-stage drug delivery system 100 can dispense the second drug 110

immediately after the first drug 108 has been dispensed or can deliver the second drug 110 after

a delay. Accordingly, the first and second drugs 108 and 110 can be delivered relatively close

together in time or can be delivered at separate times after a desired delay. Further, the delivery



of the first and second drugs 108 and 110 can be customized in terms of the rate at which each

drug is delivered. For example, the first drug 108 can be delivered over a first amount of time

while the second drug can be delivered over a second, different amount of time. The first and

second amounts of time can be varied as desired to dispense the first and second drugs 108 and

110 at different desired rates of delivery, respectively. In this way, a customized delivery of the

first and second drugs 108 and 110 can be provided with the dosages (e.g., how much drug to

dispense in total), delivery times (e.g., when to dispense a drug), and delivery schedules (e.g.,

how quickly or slowly to dispense the dosage) for each drug being largely independent of each

another.

[0020] FIG. 1 shows the multi-stage drug delivery system 100 in an initial state.

Specifically, no mechanical energy or force is introduced or applied to the multi-stage drug

delivery system 100 as shown in FIG. 1 . A cannula 112 is shown in relatively close proximity to

the multi-stage drug delivery system 100. The cannula 112 can be a hard cannula 112 that is

sterilized. The cannula 112 can be positioned adjacent to the cartridge 102 or within an open

area of the cartridge 102 yet still displaced from the first plunger 104. The cannula 112 can

initially be positioned entirely outside of the cartridge 102. FIG. 1 can represent the multi-stage

drug delivery system 100 before activation (e.g., before activation of a wearable drug delivery

device in which the multi-stage drug delivery system 100 operates).

[0021] As shown in FIG. 1, the cannula 112 can be positioned adjacent to a first end of the

cartridge 102. In particular, the cannula 112 is positioned in proximity to a first surface 118 of

the first plunger 104. The first surface 118 can be adjacent to an open end of the cartridge 102

which allows the cannula 112 to enter the cartridge 102. The first plunger 104 can further

include a second surface 120. The second surface 120 can be adjacent to the first drug 108. The



second plunger 106 can also include a first surface 122 and a second surface 124. The first

surface 122 can be adjacent to the first drug 108 and the second surface 124 can be adjacent to

the second drug 110 as shown.

[0022] FIG. 2 illustrates insertion of the cannula 112 into the first stage of the multi-stage

drug delivery system 100 (e.g., into the first chamber 114). As shown in FIG. 2, indicator 202

indicates application of a force applied to the cannula 112. The application of the force 202 to

the cannula 112 can cause the cannula 112 to pierce and pass through the first plunger 104. The

force 202 can be such that the cannula 112 pierces through the first plunger 104 to enter the first

stage (e.g., the first chamber 114) holding the first drug 108. The force 202 can cause the

cannula to enter the first chamber 114 at a desired depth. For example, the cannula 112 can

pierce the first plunger 104 and enter the first stage at a depth so as to maximize extraction of the

first drug 108 stored in the first chamber 114. In various embodiments, the body of the first

plunger 104 may be counter-bored to facilitate piercing by the cannula 112.

[0023] As shown in FIG. 2, to enter the first chamber 114 holding the first drug 108, the

cannula 112 can be caused to pierce the first surface 118 and the second surface 120 of the first

plunger 104 and to extend through the first plunger 104. A tip or end or the cannula 112 can be

sharp or pointed to facilitate piercing of the first plunger 104. To obtain access to the first

chamber 114, the cannula 112 can be caused to move in a lateral direction toward a far end of the

cartridge 102 as shown. The tip or end of the cannula 112 can be positioned near to the second

surface 120 of the first plunger 104 once access to the first chamber 114 is provided. The

cannula 112 can be positioned at a center of the first plunger 104 but is not so limited. In various

embodiments, the first plunger 114 can be inserted along any portion of the first surface 118 of

the first plunger 104 for example.



[0024] Once the cannula 112 is inserted into the first stage of the multi-stage drug delivery

system 100 at a desired depth, the first drug 108 can be introduced into the fluid delivery

mechanism coupled to the cannula 112. As an example, the cannula 112 can be coupled to a

fluid delivery mechanism that delivers the first drug 108 to a user or patient. A variety of fluid

delivery mechanisms can be used. For example, the fluid delivery mechanism can include one or

more components for coupling the cannula 112 to the patient. In various embodiments, the

components can include tubing (e.g., plastic and/or stainless steel tubing) coupled to the cannula

as well as a needle or cannula (e.g., coupled to the tubing) for accessing a site on the patient.

Overall, the fluid delivery mechanism can be or can provide a fluid path from the cannula to the

user of the multi-stage drug delivery system 100. Accordingly, when the cannula 112 is coupled

to a liquid drug, then the fluid path can be used to deliver the liquid drug to the user. In various

embodiments, the cannula 112 can be part of the delivery mechanism or can be coupled to it. In

various embodiments, the cannula 112 can be coupled to the patient.

[0025] The fluid delivery mechanism can further be used to apply the force 202. As an

example, the fluid delivery mechanism can include a cannula insertion component for driving the

cannula 112 in a direction indicated by the applied force 202 to pierce the first plunger 104. The

cannula insertion component can be coupled to the cannula 112 and can be triggered to cause the

cannula 112 to advance toward the first plunger 104 to pierce the first plunger 104. In various

embodiments, the cannula insertion component can comprise a mechanical system or an

electromechanical system for manipulating the cannula 112. In various embodiments, the

cannula insertion component can include one or more springs such as, for example, an expansion

spring, a compression spring, and/or a torsion spring. The cannula insertion component can be

trigger to pierce through the first plunger 104 based on a user input or action that indicates a



desire to activate delivery of the first drug 108 (e.g., by a user pressing a button on a wearable

drug delivery device to activate the device).

[0026] Further, the fluid delivery mechanism can include a drive component to apply a force

204 on the first plunger 104 to force the first drug 108 out of the first stage of the multi-stage

drug delivery system 100. For example, after the cannula 112 pierces the first plunger 104 and is

positioned at a desired depth within the first chamber 114, a second force can be applied to the

first plunger 104 as indicated by indicators 204. The force 204 can be applied to any portion of

the first surface 118 of the first plunger 104 (e.g., at one or more positions along the first surface

118). The force 204 can drive the first drug 108 out of the first chamber 114, through the fluid

delivery mechanism (e.g., the cannula 112 and any other components coupling the cannula to the

patient), and on to the user. The force 204 can cause the first plunger 104 to move towards the

stationary second plunger 106. The drive component can be coupled to the first plunger 104. In

various embodiments, the drive component can comprise a mechanical system or an

electromechanical system for driving the first plunger 104 toward the far end of the cartridge

102. In various embodiments, the drive component can include one or more springs such as, for

example, an expansion spring, a compression spring, and/or a torsion spring.

[0027] The applied force 204 can be constant or varied and can be used to deliver the first

drug 108 to the user over a desired amount of time (e.g., at a desired rate of delivery). For

example, a relatively strong force 204 can be applied to rapidly provide the first drug 108 to the

user. Alternatively, a relatively weak force 204 can be applied to slowly provide the first drug

108 to the user. In general, any delivery schedule and rate of delivery of the first drug 108 can

be provided by using and varying the force 204.



[0028] FIG. 2 also shows a stroke 206 of the multi-stage drug delivery system 100 - that is,

the distance the first plunger 104 travels to expel all or approximately all of the first drug 108

from the first chamber 114 of the multi-stage drug delivery system 100 (e.g., the stroke 206 can

represent the amount of the first drug 108 that can be stored and provided to a user). As

discussed above, the stroke 206 can be varied by the amount of the first drug 108 included in the

multi-stage drug delivery system 100 and the magnitude and timing of the force 204 applied to

the first plunger 104 can determine how the amount of the first drug 108 is provided to the user.

FIG. 2 can represent a state of the multi-stage drug delivery system 100 when the first drug 108

is initially accessed (e.g., when the cannula 112 is first introduced into the first chamber 114).

FIG. 2 can represent the multi-stage drug delivery system 100 after activation and as delivery of

the first drug 108 to the user first begins.

[0029] FIG. 3 illustrates extraction of the first drug 108 from the multi-stage drug delivery

system 100. Specifically, FIG. 3 shows the first plunger 104 being driven towards the second

plunger 106. The second plunger 106 can be in a fixed position. As a result, the first drug 108

can be forced out of the first chamber 114 of the multi-stage drug delivery system 100, through

the cannula 112, and on to the fluid delivery mechanism coupled to the cannula 112 for delivery

to the user. As shown in FIG. 3, indicator 302 represents the first liquid drug 108 from the first

chamber 114 being expelled out of the first chamber 114 through the cannula 112. The first

liquid drug 108 can flow out of the cartridge 102 in a direction that is substantially opposite to

the direction of the movement of the first plunger 104 towards the second plunger 106 which

causes the first liquid drug 108 to be expelled out of the first chamber 114.

[0030] As shown in FIG. 3, the force 204 can be applied to the first plunger 104 to drive it

towards the second plunger 106. The inserted position of the cannula 112 can remain in



relatively the same position with respect to the first plunger 104 to ensure maximize extraction of

the first drug 108. A reduction in stroke 304 is also shown for reference in FIG. 3 . The

reduction in stroke 304 can indicate that the size of the first chamber 114 of the multi-stage drug

delivery system 100 has been reduced and that a corresponding amount of the first drug 108 has

exited the multi-stage drug delivery system 100 through the cannula 112 for delivery to the user.

FIG. 3 can represent a state of the multi-stage drug delivery system 100 when the first drug 108

is being extracted.

[0031] FIG. 4 illustrates the multi-stage drug delivery system 100 after depletion of the first

drug 108. That is, FIG. 4 shows the multi-stage drug delivery system 100 after all or

approximately all of the first drug 108 has been extracted from the first chamber 114 of the

multi-stage drug delivery system 100. As shown in FIG. 4, the first plunger 104 is in close

proximity to the second plunger 106 (e.g., adjacent such that no portion of the first drug 108

remains between the first and second plungers 104 and 106). The second surface 120 of the first

plunger 104 can be adjacent to or pressed against the first surface 122 of the second plunger 106.

[0032] The force 204 applied to the first plunger 104 can drive the first plunger 104 to the

position shown in FIG. 4 . As the first drug 108 is being depleted and as the first plunger 104 is

forced against the second plunger 106, the cannula 112 can be introduced into the second plunger

106. As shown in FIG. 4, a portion of the end of the cannula 112 can pierce a portion of the

second plunger 106. The cannula 112 can pierce the first surface 122 of the second plunger 106

and can be partially inserted into the second plunger 106. The state of the multi-stage drug

delivery system 100 as shown in FIG. 4 can be a state following depletion of the first drug 108

and prior to extraction of the second drug 110.



[0033] FIG. 5 illustrates insertion of the cannula 112 through the second plunger 106 of the

multi-stage drug delivery system 100 and into the second chamber 116. As shown in FIG. 5, a

second force 502 can be applied to the cannula 112 to drive the cannula 112 through the second

plunger 106. The end of the cannula 112 can extend into the second chamber 116 of the multi

stage drug delivery system 100 a desired amount to ensure maximum extraction of the second

drug 110. The cannula 112 can extend beyond the second surface 124 of the second plunger to

be coupled to the second liquid drug 110 stored in the second chamber 116.

[0034] When the cannula 112 is inserted through the second plunger 106 and into the second

chamber 116 of the multi-stage drug delivery system 100, the second drug 110 can be introduced

into the fluid path coupled to the user (e.g., a fluid path coupled to the cannula 112).

Specifically, the second drug 110 can be provided to the delivery mechanism coupled to the

cannula 112 so that the second drug 110 may be passed on to the user. As shown, the force 204

can be applied to the first plunger 104 to move both the first plunger 104 and the second plunger

106 toward the end of the cartridge 102. That is, by applying the force 204 to the first plunger

104, the second plunger 106 is forced to move toward an end of the cartridge 102. In turn, the

volume or size of the second chamber 116 is reduced which forces the second drug 110 through

the cannula 112 and on to the fluid delivery mechanism.

[0035] FIG. 5 also shows a stroke 504 for the second chamber 116 of the multi-stage drug

delivery system 100 - that is, the distance the second plunger 106 travels to expel all or

approximately all of the second drug 110 from the second chamber 116 of the multi-stage drug

delivery system 100 (e.g., the amount of the second drug 110 that can be stored and provided to a

user). As discussed above, the stroke 504 can be varied by the amount of the second drug 110

included in the multi-stage drug delivery system 100 and the magnitude and timing of the force



204 applied to the first plunger 104 (and the second plunger 106) can determine how the amount

of the second drug 110 is provided to the user. FIG. 5 can represent a state of the multi-stage

drug delivery system 100 when the second drug 110 is initially accessed (e.g., when the cannula

112 is first introduced into the second chamber).

[0036] FIG. 6 illustrates extraction of the second drug 110 from the multi-stage drug delivery

system 100. Specifically, FIG. 6 shows the first plunger 104 and the second plunger 106

together being driven toward the end of the cartridge 102. As a result, the second drug 110 can

be forced out of the second chamber 116 of the multi-stage drug delivery system 100, through

the cannula 112, and on to the fluid delivery mechanism coupled to the cannula 112 for delivery

to the user. As shown in FIG. 6, the force 204 can be applied to the first plunger 104 (and to the

second plunger 106 indirectly) to drive both the first and second plungers 104 and 106 towards

the end of the cartridge 102. The inserted position of the cannula 112 can remain in relatively

the same position with respect to the second plunger 106 to ensure maximize extraction of the

second drug 110.

[0037] As shown in FIG. 6, indicator 602 represents the second liquid drug 110 from the

second chamber 116 being expelled out of the second chamber 116 through the cannula 112.

The second liquid drug 110 can flow out of the cartridge 102 in a direction that is substantially

opposite to the direction of the movement of the first plunger 104 and the second plunger 106

towards the end of the cartridge 102 which causes the second liquid drug 110 to be expelled out

of the second chamber 116.

[0038] A reduction in stroke 604 is also shown for reference in FIG. 6 - for example, to

indicate the second chamber 116 of the multi-stage drug delivery system 100 has been reduced



and that a corresponding amount of the second drug 110 has exited the multi-stage drug delivery

system 100 for delivery to the user.

[0039] FIG. 6 illustrates the multi-stage drug delivery system 100 in a state of delivering the

second drug 110 to a user. That is, FIG. 6 can represent a state after the cannula 112 has pierced

through the second plunger 106 and the second drug 110 is being delivered to the user but prior

to all of the second drug 110 being extracted.

[0040] In various embodiments, the force 502 can generally be applied to drive the cannula

112 through the plungers 104 and 106. The force 502 can then be removed or stopped and the

force 204 can be applied or reapplied to drive the first plunger 104 (and the second plunger 106

when appropriate) towards the end (e.g., a closed end) of the cartridge 102. That is, the force

502 may not be used to drive the plungers 104 and 106 to the end of the cartridge 102. The force

204 can be applied along any portion of the first plunger 104 (e.g., including one or more

positions along any portion of the first plunger 104).

[0041] FIG. 7 illustrates the multi-stage drug delivery system 100 after depletion of the

second drug 110. That is, FIG. 7 shows the multi-stage drug delivery system 100 after all or

approximately all of the second drug 110 has been extracted from the second chamber 116 of the

multi-stage drug delivery system 100. As shown in FIG. 7, the first and second plungers 104 and

106 are positioned against the end of the cartridge 102 (e.g., adjacent to the end of the cartridge

102 such that no portion of the second drug 108 remains between the second plunger 106 and the

end of the cartridge 102).

[0042] As shown in FIG. 7, the second plunger 106 has met the end of stroke. Accordingly,

the delivery of the dosage of the second drug 110 is substantially complete (e.g., all of the second

drug 110 has been forced out of the second chamber 116). FIG. 7 can represent a state of the



multi-stage drug delivery system 100 after both the first and second drugs 108 and 110 have been

delivered to the user. The multi-stage drug delivery system 100 can be re-used (e.g., re-filled) or

can be discarded.

[0043] FIGs. 1-7 illustrate the multi-stage drug delivery system 100 having two chambers

(e.g., chambers 114 and 116) but is not so limited. That is, the multi-stage drug delivery system

100 can include any number of chambers (and corresponding number of plungers) to store and

subsequently dispense any number of different drugs, in any amount, according to any desired

delivery schedule in accordance with the techniques described herein. FIGs. 1-7 can represent

cross-sectional side views of the multi-stage drug delivery system 100 during various stages of

operation as described herein.

[0044] FIG. 8 illustrates a method 800 for delivering multiple liquid drugs to a patient using

a multi-stage delivery system such as, for example, the multi-stage delivery system 100. The

method 800 is described in relation to delivering two liquid drugs to the patient from the multi

stage delivery system but is not so limited. The method 800 is applicable to the delivery of any

number of liquid drugs from a multi-stage delivery system configured to store a corresponding

number of liquid drugs as will be appreciated by a person of ordinary skill in the art. Further, the

method 800 is applicable to the delivery of different liquid drugs, to the delivery of different

amounts of each liquid drug, and to the delivery of each liquid drug at different times and rates

as will be appreciated by a person of ordinary skill in the art.

[0045] At 802, a container configured to store a first drug in a first chamber and configured

to store a second drug in a second, different chamber can be provided. The first and second

drugs can be liquid drugs. The first and second drugs can be any type of liquid drugs. The first

and second liquid drugs can be the same or different drugs. The first and second chambers can



be of the same size or can be configured to store different amounts of the first and second drugs,

respectively.

[0046] The first and second drugs can be sealed and separated from each other. A first

plunger positioned in the container, a second plunger positioned in the container and spaced

apart from the first plunger, and the container can form the first chamber. The second plunger

and the container can form the second chamber.

[0047] At 804, a cannula can pierce the first plunger. The cannula can be positioned at a

center of the first plunger. The cannula can extend through the first plunger and into the first

chamber. The cannula can extend into the first chamber by a desired amount or depth and can be

coupled to the first drug.

[0048] The cannula can be coupled to the patient. Accordingly, when the cannula accesses

the first drug stored in the first chamber the cannula can couple the first drug to the patient.

[0049] At 806, the first plunger is driven toward an end of the container. The first plunger is

advanced further into the container toward the second plunger. The cannula can remain

positioned in the first plunger as the first plunger is advanced. The second plunger can remain

stationary. As a result of the first plunger moving further into the container, the first drug is

expelled from the first chamber (e.g., as the size or volume of the first chamber is reduced). The

expelled first drug can flow into and through the cannula and on to the patient.

[0050] The first plunger can be advanced to expel substantially all of the first drug. When

substantially all of the first drug is expelled, the first plunger can be positioned against the

second plunger.

[0051] At 808, the second plunger can be pierced by the cannula. The cannula can extend

through the second plunger (and through the first plunger) and into the second chamber. The



cannula can extend into the second chamber by a desired amount or depth and can be coupled to

the second drug. Accordingly, when the cannula accesses the second drug stored in the second

chamber the cannula can couple the second drug to the patient.

[0052] At 810, the first plunger and second plungers are driven toward the end of the

container. The first and second plungers are advanced further into the container toward a closed

end of the container. The cannula can remain positioned in the first and second plungers as the

first and second plungers are advanced. As a result of the first and second plungers moving

further into the container, the second drug is expelled from the second chamber (e.g., as the size

or volume of the second chamber is reduced). The expelled second drug can flow into and

through the cannula and on to the patient.

[0053] The first and second plungers can be advanced to expel substantially all of the second

drug. When substantially all of the second drug is expelled, the second plunger can be

positioned against the closed end of the container with the first plunger positioned against the

second plunger.

[0054] The following examples pertain to additional further embodiments:

[0055] Example 1 is a multiple stage drug delivery system, comprising a cartridge, a first

plunger positioned in the cartridge, and a second plunger positioned in the cartridge, wherein

the first plunger, the second plunger, and the cartridge form a first chamber configured to

store a first liquid drug, and the second plunger and the cartridge form a second chamber

configured to store a second liquid drug.



[0056] Example 2 is an extension of Example 1 or any other example disclosed herein,

further comprising a cannula configured to pierce the first plunger to access the first liquid

drug stored in the first chamber.

[0057] Example 3 is an extension of Example 2 or any other example disclosed herein,

further comprising a cannula insertion component coupled to the cannula.

[0058] Example 4 is an extension of Example 3 or any other example disclosed herein,

wherein the cannula insertion component comprises one or more springs.

[0059] Example 5 is an extension of Example 3 or any other example disclosed herein,

wherein the cannula is coupled to a patient, wherein the cannula couples the first liquid drug

stored in the first chamber to the patient when the cannula accesses the first chamber.

[0060] Example 6 is an extension of Example 5 or any other example disclosed herein,

further comprising a drive component configured to advance the first plunger toward the

second plunger, thereby extracting the first liquid drug from the first chamber for delivery to

the patient through the cannula.

[0061] Example 7 is an extension of Example 6 or any other example disclosed herein,

wherein the drive component comprises one or more springs.

[0062] Example 8 is an extension of Example 6 or any other example disclosed herein,

wherein the drive component comprises an electromechanical system.

[0063] Example 9 is an extension of Example 6 or any other example disclosed herein,

wherein the cannula is configured to pierce the second plunger to access the second liquid

drug stored in the second chamber after the first liquid drug is extracted from the first

chamber.



[0064] Example 10 is an extension of Example 9 or any other example disclosed herein,

wherein the cannula couples the second liquid drug stored in the second chamber to the

patient when the cannula accesses the second chamber.

[0065] Example 11 is an extension of Example 9 or any other example disclosed herein,

wherein the first plunger is positioned adjacent to the second plunger after the first drug is

extracted from the first chamber.

[0066] Example 12 is an extension of Example 11 or any other example disclosed herein,

wherein the drive component is configured to advance the first plunger and the second

plunger toward an end of the cartridge, thereby extracting the second liquid drug from the

second chamber for delivery to the user through the cannula.

[0067] Example 13 is an extension of Example 12 or any other example disclosed herein,

wherein the first drug is dispensed over a first amount of time at a first rate and the second

drug is dispensed over a second amount of time at a second rate.

[0068] Example 14 is an extension of Example 13 or any other example disclosed herein,

wherein the first amount of time and the second amount of time are non-overlapping.

[0069] Example 15 is an extension of Example 13 or any other example disclosed herein,

wherein the first and second rates are different.

[0070] Example 16 is an extension of Example 1 or any other example disclosed herein,

wherein the first and second plungers are elastomeric plungers.

[0071] Example 17 is an extension of Example 1 or any other example disclosed herein,

wherein the first and second liquid drugs are different drugs.

[0072] Example 18 is an extension of Example 1 or any other example disclosed herein,

wherein the first chamber and the second chamber have different volumes.



[0073] Example 19 is an extension of Example 1 or any other example disclosed herein,

wherein the cartridge comprises glass.

[0074] Example 20 is a method, comprising providing a container configured to store a

first liquid drug in a first chamber and a second liquid drug in a second chamber, piercing a

first plunger with a cannula to couple the cannula to the first liquid drug, driving the first

plunger toward an end of the container to extract the first liquid drug from the first chamber

through the cannula, piercing a second plunger with the cannula to couple the cannula to the

second liquid drug, and driving the first and second plungers toward the end of the container

to extract the second liquid drug from the second chamber through the cannula.

[0075] Example 2 1 is an extension of Example 2 1 or any other example disclosed herein,

further comprising piercing the second plunger after substantially all of the first liquid drug is

extracted from the first chamber.

[0076] Example 22 is an extension of Example 2 1 or any other example disclosed herein,

further comprising piercing the second plunger after a predetermined delay.

[0077] Example 23 is an extension of Example 22 or any other example disclosed herein,

further comprising extracting the first liquid drug from the first chamber at a first rate and

extracting the second liquid drug from the second chamber at a second, different rate.

[0078] Example 24 is an extension of Example 23 or any other example disclosed herein,

wherein the first and second liquid drugs are different liquid drugs.

[0079] Example 25 is an extension of Example 20 or any other example disclosed herein,

further comprising sealing the first chamber with the container and the first and second

plungers and sealing the second chamber with the container and the second plunger.



[0080] Certain embodiments of the present invention were described above. It is, however,

expressly noted that the present invention is not limited to those embodiments, but rather the

intention is that additions and modifications to what was expressly described herein are also

included within the scope of the invention. Moreover, it is to be understood that the features of

the various embodiments described herein were not mutually exclusive and can exist in various

combinations and permutations, even if such combinations or permutations were not made

express herein, without departing from the spirit and scope of the invention. In fact, variations,

modifications, and other implementations of what was described herein will occur to those of

ordinary skill in the art without departing from the spirit and the scope of the invention. As such,

the invention is not to be defined only by the preceding illustrative description.



What is claimed is:

CLAIMS

1. A multiple stage drug delivery system, comprising:

a cartridge;

a first plunger positioned in the cartridge; and

a second plunger positioned in the cartridge, wherein the first plunger, the second

plunger, and the cartridge form a first chamber configured to store a first liquid drug, and the

second plunger and the cartridge form a second chamber configured to store a second liquid

drug.

2 . The multiple stage drug delivery system of claim 1, further comprising a cannula

configured to pierce the first plunger to access the first liquid drug stored in the first chamber.

3 . The multiple stage drug delivery system of claim 2, further comprising a cannula

insertion component coupled to the cannula.

4 . The multiple stage drug delivery system of claim 3, wherein the cannula insertion

component comprises one or more springs.

5 . The multiple stage drug delivery system of claim 3, wherein the cannula is coupled to a

patient, wherein the cannula couples the first liquid drug stored in the first chamber to the patient

when the cannula accesses the first chamber.

6 . The multiple stage drug delivery system of claim 5, further comprising a drive

component configured to advance the first plunger toward the second plunger, thereby extracting

the first liquid drug from the first chamber for delivery to the patient through the cannula.



8 . The multiple stage drug delivery system of claim 6, wherein the drive component

comprises an electromechanical system.

9 . The multiple stage drug delivery system of claim 6, wherein the cannula is configured to

pierce the second plunger to access the second liquid drug stored in the second chamber after the

first liquid drug is extracted from the first chamber.

10. The multiple stage drug delivery system of claim 9, wherein the cannula couples the

second liquid drug stored in the second chamber to the patient when the cannula accesses the

second chamber.

11. The multiple stage drug delivery system of claim 9, wherein the first plunger is

positioned adjacent to the second plunger after the first drug is extracted from the first chamber.

12. The multiple stage drug delivery system of claim 11, wherein the drive component is

configured to advance the first plunger and the second plunger toward an end of the cartridge,

thereby extracting the second liquid drug from the second chamber for delivery to the user

through the cannula.

13. The multiple stage drug delivery system of claim 12, wherein the first drug is dispensed

over a first amount of time at a first rate and the second drug is dispensed over a second amount

of time at a second rate.

14. The multiple stage drug delivery system of claim 13, wherein the first amount of time and

the second amount of time are non-overlapping.

15. The multiple stage drug delivery system of claim 13, wherein the first and second rates

are different.



16. The multiple stage drug delivery system of claim 1, wherein the first and second plungers

are elastomeric plungers.

17. The multiple stage drug delivery system of claim 1, wherein the first and second liquid

drugs are different drugs.

18. The multiple stage drug delivery system of claim 1, wherein the first chamber and the

second chamber have different volumes.

19. The multiple stage drug delivery system of claim 1, wherein the cartridge comprises

glass.

20. A method, comprising:

providing a container configured to store a first liquid drug in a first chamber and a

second liquid drug in a second chamber;

piercing a first plunger with a cannula to couple the cannula to the first liquid drug;

driving the first plunger toward an end of the container to extract the first liquid drug

from the first chamber through the cannula;

piercing a second plunger with the cannula to couple the cannula to the second liquid

drug; and

driving the first and second plungers toward the end of the container to extract the second

liquid drug from the second chamber through the cannula.

2 1. The method of claim 20, further comprising piercing the second plunger after

substantially all of the first liquid drug is extracted from the first chamber.

22. The method of claim 21, further comprising piercing the second plunger after a

predetermined delay.



23. The method of claim 22, further comprising extracting the first liquid drug from the first

chamber at a first rate and extracting the second liquid drug from the second chamber at a

second, different rate.

24. The method of claim 23, wherein the first and second liquid drugs are different liquid

drugs.

25. The method of claim 20, further comprising sealing the first chamber with the container

and the first and second plungers and sealing the second chamber with the container and the

second plunger.
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