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MULTI-CARTRIDGE FLUID DELIVERY DEVICE

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims the benefit under 35 U.S.C. § 119(e) of U.S. Provisional
Application Serial No. 60/787,616, filed March 30, 2006, the disclosure of which 1s hereby
meorporated by reference herein, ,

In addition, cross-reference is made to U.S, Patent No. 6,936,324 tifled FLUID
DELIVERY AND MEASUREMENT SYSTEMS AND METHODS; U.S. Patent Application
Publication No. US 2005/0119618 titled HYDRAULICALLY ACTUATED PUMP FOR
LONG DURATION MEDICAMENT ADMINISTRATION; and U.S. Application No.
11/219,944 titled FLUID DELIVERY AND MEASUREMENT SYSTEMS AND METHCDS,

the disclosure of each of which is hereby incorporated by reference herein.

FIELD OF THE DISCLOSURE

The present disciosure relates generally to fluid delivery devices and particularly
to flmd delivery Gevices capable of delivering one or more medicaments to a patient to provide a
sustained, basal delivery and/or a bolus delivery of each medicament.

BACKGROUND

Fluid delivery devices, such as ambulatory infusion pumps, for example, have
been developed for delivering liquid medicaments to a patient. Many such pumops or drug
delivery devices are able to provide both steady state delivery (“basal delivery™) and
instantaneous bursts of 2 predetermined amount of drug (“bolus delivery™) as required. In many
instances, it is beneficial to provide a basal delivery of a drug which may be supplemented by a
bolus delivery as well. For exarople, insulin for diabetes treatment as well as patient controlled
analgesia for chironic pain treatment may be administered both at a continuous basal rate of
delivery as well as via bolus amounts of delivery. Many such drug delivery devices are compact
and able to be fixed to the user or patient during use and subsequently disposed of when the
freatment is finished.

Many attempts have been made to provide coniinuous or near continuous basal
delivery of such medicaments using various pump systems. The accuracy of the basal delivery
rate often varies when the volume of the drug being delivered is small. Many fluid delivery
devices include a reservoir to contain the Hguid medicament and use various mechanical, gas, or
electromechanical pumping or metering technologies to deliver fhe medicament to the patient

via a needle or other catheter inserted transcutanecusly, or through the skin of the patient.



SUMMARY

The present invention comprises one or more of the features recited in the
appended claims or the following features or combinations thereof:

According to the first aspect of the invention, there is provided a fluid delivery
device for administering a first medicament and a second medicament, the fluid
delivery device comprising: a housing; a first fluid reservoir configured to contain the
first medicament within the housing; a second fluid reservoir configured to contain
the second medicament within the housing; a needle having a first end configured to
extend into the first fluid reservoir and a second end configured to extend from the
housing; a basal pump chamber having hydraulic fluid and coupled to the first fluid
reservoir; a basal drive mechanism having a hydraulic fluid reservoir, the hydraulic
fluid reservoir including hydraulic fluid; a flow restrictor fluidly coupling the
hydraulic fiuid reservoir with the basal pump chamber, the basal drive mechanism
configured to pressurize the hydraulic fluid in the basal pump chamber and engage the
first fluid reservoir to provide a basal delivery of the first medicament; and a bolus
drive mechanism coupled to the second fluid reservoir and configured to provide a
bolus delivery of the second medicament.

According to the second aspect of the invention, there is provided a fluid
delivery device for administering a first medicament and a second medicament, the
fluid delivery device comprising: a housing configured to have a first fluid reservoir
containing the first medicament and a second fluid reservoir containing the second
medicament; a needle having a first end configured to extend into the first fluid
reservoir and a second end configured to extend from the housing; a basal pump
chamber having hydraulic fluid and coupled to the first fluid reservoir; a basal drive
mechanism having a hydraulic fluid reservoir, the hydraulic fluid reservoir including
hydraulic fluid; a flow restrictor fluidly coupling the hydraulic fluid reservoir with the
basal pump chamber, the basal drive mechanism configured to pressurize the
hydraulic fluid in the basal pump chamber and engage the first fluid reservoir to
provide a basal delivery of the first medicament; and a bolus drive mechanism
coupled to the second fluid reservoir and configured to provide a bolus delivery of the

second medicament.
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According to one embodiment of the disclosure, 2 fluid delivery device for
administering e frst medicament and 2 second mmedicament is provided. The fivid delivery
device may fimction to adminigter a basal delivery of the first medicament and/or z basal
deiivery of fhe second medicament. Further, the fluid delivery device may funcidon 1o
admmster & boles deirvery of the first medicament and/or 2 bolus delivery of the second
medicement In other words, any combination of basal and/or bolus deliveries of each of the
first and second medicaments is contermplatsd.

Various copfigurations of besal drive mechanisms of the fivid delivery device
may provide the basal delivery of the first and/or second medicament. For example, one basal
drive mechamsm may provide the basal debivery of only the first medicament, onty the second

sdicament, or both fhe fret and second medicaments. Iy mstances where the basal drive
mechamsm provides the basal delivery of only one of the first and second medizaments, a
second basel drive mechanism of the fluid delivery device mey provide the basal delivery of the
other medicarnent,

Simtlarty, various configurations of bolus drive mechanisms of the fiwid dejivery
device may provide the bohus delivery of the first and/or second medicament. For example, one
bolus duve mechanism mey provids e bolus delivery of only the fret medicament, only the
sscond medicament, or both the frst and second medicaments, In metancas where the bolus
drive mechanism provides the bolus delivery of only one of the first and seoond medicaments, &
second bolus drive mechanism of the fimd delivery device may provide the bolus delivery of the
other medicament.

According to another embodiment of the present disclosure, the fluid delivery device
mey mclude one or more needles in fuid commuymication with the frst and sscond reservolrs
contarming the Arst and second medicaments. For example, a first needle may be m fimd
compumication with the reservoir contaiming the first medicament while 2 second needis may be
m flmd commumication with regervoir contsining the second medicament. Such needies may be
spaced-apart from each other or positionsd on opposite snds of the flnid delivery device to
substantially prevent any mixing of the first and second medicaments during delivery, Further,
ore nesdls may mclude 2 delivery amm (for subcutansous insertion mic the patient’s skin) wiich

15 longer than 2 delivery am of the other needle. In such 2 cese, one of the fitst and szeond
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medicaments will be dshvered to 2 subcutansons depth greater than the other one of the first and
econd medicaments. Delivering the medicaments to 2 different depth may aiso substantially

prevent any mixmg of the first and second medicaments,

According to still another embodiment of the present disclosure, a single needle may be

provided which is in fluid cormmumication with each reservorr of the first and secand
medicaments., Such a needle may be *Y-shaped™ and include a firgt uptaks armn for fluid
commumication with the reservoir containing firet medicament and a second uptake arm for fud
communication with the reservoir containing the sezcond medicament. Each of the firgt and

econd uptake arms of the needle may be 1n fuid communication with a dslivery arm of the
nesdle such that the first and second medicaments may miy with each other within the delivery
arm of the needle prior to being delivered into the patient.

Thustratively, 2 fimid delivery device of the present disciosure may mchade an
exterior housing, & frst reservolr within the honsing configursd 1o contain the frst medicement,
and a second reservolr within the housing conﬁgured t0 contain the second medicament. The
flmid defivery device may further include a needie having a first end configured for fimd
commumication with the first reservolr and a second end configured 1o extend exteriorly from
the housing. Altematvely, the nesdle may melnde a third end configured for fuid
corpmumcation with the second reservoir contarming the second medicament. The fluid debivery
device may further include 2 second needie having z first end configured for fhad
commumcation with the second reservoir and 2 second end configured fo extend exteriorty from
the housing. The first needle may be positioned at a first end of the housing while the sccond
needle may be posthioned at a second end of the housing, Further, & delivery arm of the first
needle may be longer than 2 delivery arm of the second nesdic.

Frrther ilinstratively, the fiumid defivery device may include 2 basal drive
mechanism for providing a basal delivery of the first medicament. The same basal drive
mechansm may aiso provide a basal delivery of the second medicament. Ahernatively, a
second basal drive mechanism may provide the basal delivery of the second medicament. In
gither case, the basal drive mechanism meay mclude a coil spring, 2 basal drive pision, and &
hyvdraniic flmd reservoir. Further, the fiwid delivery device may inclnde 2 first pumyp chamber
associated with the first medicamenst in fluid commumnication with the bydraulic fhud reservoir
of the first basal drive mechanism viz a first fiow restmotor. Similarly, e second purmp chamber
agsociated with the second medicament may be in fwid communication with the hydraulic fimd

reservolr of the seoond basal drive mechanism vis a second flow resmictor.
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Further iitosmanvely, a first delivery piston of the finid delivery device may be
positioned within the first fiuid reservolr to exert 2 force on the first medicament within the frst
fluid reservolr. Simularly, a second delivery pistor may be posinoned within the second fimd
ressrvolr to exert a force on the second medicament within the second finid reservoir.

The flmd delivery devics may farther melude a bolus drive mechanism for
providing 2 bolns delivery of the first medicament. The same bolus drive mechanism may also
provide 2 bolus delivery of the second medicament. Alternatively, a second bolus drive
mechanism may provide the bolus delivery of the second medicament. In either case, the bolus
drive mechamsm may include a ratchet and 2 bolus piston coupled to the ratchet. A pump
chamber of the fuid delivery device is associated with the frst fhad resarvolr and the bohus
piston is positionad within a bolus fuid reservoir in finid conmmmcation with the pump

charnber,

According to another embodiment of the present disclosure, a method of administering

first and second medicaments from an fmd debivery device includes delivering 2 frst bagal
deltvery of the fivst medicament, and delivering a second basal delivery of the second
medicament. The first basal delivery mizy be approximetely egpal fo the second basal dehivery.
Alterpatively, the first basal delivery mey be greater than the second basal delivery,

' Hiustratively, dehvering the first medicament mey melude actuating 2 first basal
drive mechanism and delivering the second medicament suay éimilaﬂy melndes acteating the Grst
basal drive mechamsm. Alternatively, deitvering the sscond medicament may incinde actuating
a2 second basz! dive mechantsm different from the frst basal drive mechanism.

The method may further inchude delivering & fivat bolus delivery of the first
medicament and delivering a second bolus delivery of the second medicament. The first bolus
delivery may be the same as the second bolus deitvery. Adiermatively, the first bolus delivery
mzy be preater than the sscond bolus delivery.

Hiugtratively, delivering the first bolus delivery may include actuating a first
polus drive mechamisin and defivering the second bolus delivery may mchude actuating the first
bolus drive mechamsm. Alternatively, delivering the second bolus delivery may include
actuating 2 sscond bolus crive mechanis different from the first bohus drive mechamism.

According to still another embodiment of the present disclosure, another method of
agmimstering first and second medicaments from a fuid delvery device includes (i) forcing
hydravtc fluid from 2 hyvdraulic fuid reservoir into a frst pump chamber to cxert a force on a
first mnovable barner, (i) forcing hydraniic fluid from the hydrache fluid reservolr into 2 second

purnp chamber to exert a force on 2 second movable barrier, {111) exerting a force on a frst
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piston o expel af lzast a portion of the first medicament through an apertores of the first fid
reservorr, and (1v) exerting a foree on 2 second piston to expel af isast 2 portion of the second
medicament through an aperivre of the second fuid reserveir.

Tlugtratively, forcing the hydrankic fimd from the hydravdic fluid reservoir may
inchude appiving 2 spring fores 1o & piston within the hydraslic fiuid reservoir. Forcing the
hydraulic fluid from the bydraulic finid reservolr may further include forcing hydraulic fwid
from the hyvdraulic fluid reservoir throvgh a flow reswictor and into the first and second pump
charnbers.

The fiuid defivery devices described herein may be used o delivery 2 wide
variety of drugs, phannaceutical agents, and medicarsents, and other componernis vssiul for
ireating diseases and disease states. In one embodiment, the dsizvery devices described herein
mmcinde or are configured or adapted to inchude pre-selected medicaments in the corresponding
reservoirs. In another embodiment, the pre-seiected medicaments are used to treat diabetes and/or diabetic
conditions. In another embodiment, the pre-selected medicaments are used to treat bacterial infections
and/or ather diseases associated with pathogenic cell populations. In another embodiment, the pre-
selected medicaments are used to treat diseases associated With nevrotransmitier gysinneton,
meinding but not hmited to diseases that are ireatable with dopamine end/or compounds that
function as dopamine agonists and/or dopanme antagonists.

The above and ofiier features of the present disclosure will becoms apparent from

the following description and the attached drawings,

BRIFEF DESCRIPTION OF THE DRAWINGE

The detailed description partieniarly refers to the accompanying higures n which:

FIGS, 1-51 are schematics showing dual-cartridge dmg delivery devices of the
present disclosure which provids a basat delivery of both first and second medicaments and
which provide 2 holus debivery of both first and second medicamenis;

FIGS. 6-7 are schempstics showing additional drog delivery devices of the present
disclosure which provide a basal delivery of the first medicament only and a boles delivery of
the first end second medicaments;

FIGS. B-9 ave schematics further showing additional drng delivery devices of the
present disclosurs which provide a basal delivery of the first and second medicamsnts while

providing a bolos delivery of only the second medicament,



10

15

20

30

-6-

FIGS. 10-11 are schematics showing further drag delivery devices of the present
disclosure which provide a basal delivery of the first and second medicaments while providing
1o bolus delivery for either of the first or second medicarnents;

FIGSE, 12-13 are schematics showing additional drug delivery devices of the
present disclosure which provide a bolug delivery of the first and second medicaments while
providing no basal delivery for either of the first or second medicaments;

FIG. 14 is a schematic of another drug delivery device of the present disclosure
which provides a bolus delivery of only the first medicament and z basal delivery of only the
second medicament;

FIG. 15 is a schematic of another drug delivery device of the present disclosure
which provides a balloon-like basal flwid reservoir associated with each of the first and second
medicaments and an alternative basal drive mechanism coupled to the respective basal fluid
ressrvolrs,

FIG. 16 is 2 schematic of another drug delivery device of the present disclosure
similar to the device shown in FIG. 15 and providing a single alternative basal drive mechanism
and balloon-like basal fluid reservoir for providing a basal delivery of each of the first and
gecond medicaments;

FIG. 17 18 a schematic of another drug debivery device of the present disclosure
similar to the device shown in FIG. 1 where a delivery piston associated with each of the first
and second medicaments of FIG. 1 is substituted with a flexible member;

FIG. 18 is 2 schematic of a needle configuration of the present disclosure
including first and second needles having delivery arms of different lengths to deliver the first
and second medicaments at a different subcutancous depth within the patient; and

FIG. 19 is a schematic of a generally “Y-shaped” needle for fluid communication

with the reservoir of each of the first and second medicaments,

DETAILED DESCRIPTION OF THE DRAWINGS

Looking first to FIGS. 1-5b, various fluid or drug delivery devises 10, 110, 210,
310, 410, and 450 are provided. Each of these drug delivery devices 10, 110, 210, 310, 410, and
450 is capable of delivering a first medicament 20 at both a sustained steady state or basal
delivery or infusion as well as an instantaneous amount of the first medicament 20 to provide a
short term pulsatile or bolus delivery or infusion. Further, each of the drug delivery devices 10,

110, 216, 310, 410, and 450 is able to provide both & basal delivery of a second medicament 22
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and a bolus delivery of the second medicament 22. The means by which each device delivers
the first and second medicaments is discussed below.

It should be appreciated that the fluid delivery devices deseribed herein each
include an outer or exterior housing (not shown). The structures shown in FIGS. 1-17,
therefore, are generally contained within such a housing. Nlustratively, the housing may include
various buftons or actuators engagable by a user or patient which activate the basal and bolus
drive mechanisms described herein. Further, as is discussed in greater detail below, the needles
32, 34 of each fluid delivery device shown i FIGS. 1-17 are movable between a first, un-
activated confignration {(not shown) whereby the entirety of the needle is either contaimed within
the cuter housing and/or within an external button of the outer housing, and a second activated
configuration. In the second activated configuration (shown in FIGS. 1-17), the needle is
lowered such that one portion of the needie is in fluid communication with a reservoir
contaiming one of the first and second medicaments 20, 22 and a second portion of the needle is
positioned outside of the outer housing of the device for subcutaneous insertion into a patient,
for exarople. Diustratively, the needie is configured for generally simultaneous insertion into
one of the fiuid reservoirs (or the stopper associated with gach reservoir} and the patient. In
other words, movement of the needle from the up-activated position to the activated position
will generally simultaneousty place the first end of the needle mto fluid conmmumeation with the
associated fluid reservoir while placing the second end of the needle into the patient.

Locking now to FIG. 1, the drug delivery device 10 inchudes a first drug reservorr
or cartridge 12 and a2 second drug reservolr or cartridge 14, Ag such, the drug délivery davice 10
{as well as other drug delivery devices described herein) may be considered a dual-cartridge
device. IHustratively, the first medicament 20 is contained within the first reservoir 12 while the
second medicament 22 is comtained within the second reservoir 14, A first septum or stopper 24
is received in part within the inmer chamber of the first reservoir 12 such that a portion of the
first stopper 24 profrudes from a proximal end 25 of the first reservoir 12. The first stopper 24
inchudes a hollow chamber 26 in fluid communication with the first reservoir 12. Similarly, &
second stopper 28 is received in part within the inmer chamber of the second reservoir 14 such
that a portion of the second stopper 28 protrudes from the proximal end 25 of the second
reservoir 14. The second stopper 28 similarly includes the hollow charnber 26 in fluid
commurication with the second reservoir 14, IHustratively, the first and second stoppers 24, 28
may each be made from rubber. H is within the scope of this disclosure, however, for the first

and second stoppers 24, 28 to be made from other snitable materials as well,
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First and second needles 32, 34 of the drug delivery device 10 each include a first
end 36 and a second end 38, The first end 36 of each needle 32, 34 is received through an outer
wall of the respective first and second stoppers 24, 28 for positioning within the hollow charnber
26 of each stopper 24, 28. The second end 38 of each needle 32, 34 is provided for
suboutaneous msertion into 2 patient in order fo deliver the first and second medicaments 20, 22
to the patient. Tlustratively, the first and second needles 32, 34 are showsn to define a “J-shape”
such that each needle 32, 34 includes an uptake arm 40 and a delbivery arm 42 which are
generally parailel to each other and a transverse arm 44 connecting the uptake and delivery arms
40, 42 together., Each arm 40, 42, 44 of each neadie 22, 34 iz carmulated to provide s generally
continuous J-shaped passageway fo allow the respective first and second medicaments 20, 22 to
travel fom the first end 36 of each needie 32, 34 o the second end 38 of each needie 32, 34,

As shown in FIG, 1, the arms 40, 42 of each needle 32, 34 have different lengths.
It is within the scope of this disclosure, however, to mclude needlies 32, 34 having arms 40, 42,
44 of varying or same lengths. It is aiso within the scope of this disclosure to include other
needle designs where one end of the needle is positioned ot able to be positioned within the
hellow chamber 26 of one of the stoppers 24, 28 and where the other end of the needie is able to
be subeutaneously inserted into & patient. Further, it is within the scope of this disclosure fo
mchude other infusion devices for delivering the medicaments 20, 22 from their respective
reservoirs 12, 14 to the patient. For example, 2 lumen and 2 needle set, a catheter-camnula set,
and/or a microneedle or microneedle array attached by one or more lumens may be nsed mn place
of the needies 32, 34. Further eack of the fiuid reservoirs 12, 14 may include an aperture
through which the medicaments 20, 22 within each chamber are expelled. Cne of ordinary skill
in the art will appreciate that many devices may be used to convey medicamentis into a body.
Accordingly, the present disclosure is not Iimited to the types of ifusion or mjection devices
shown herein.

Looking again to FIG. 1, the drug delivery device 10 incindes a first basal drive
mechanisin 46 which provides a basal delivery of the first medicament 20 to the patient. The
first basal drive mechanism 46 includes a coil spring 48 secured to a basal drive piston 50. The
basal drive piston 50 is positioned in the inner chamber of a basal finid reservoir 52. The basal
drive piston 50 is movable relative to the walls of the fluid reservolr 52. A pump chamber 54 is
in fluid communication with the basal fluid reservoir 52 through 2 comnective passageway or
flow resirictor 56. The spring 48 exerts a generally constant force onto the basal drive piston 50

to assert pressure on the hydrauiic fluid within the basal fluid chamber 52.
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A driven or delivery piston 58 of the drug delivery device 10 is positioned within
the inner chamber of the reservoir 12 and operates as a partition or movable barrier between the
first medicament Z0 contained within the first drog reservoir 12 and the hydraulic fuid
contained within the pump chamber 56, -Iﬂu-strativelf,f, the hvdraulic fluid contained within the
pump chamber 54 and the basal fluid reservoir 52 is an oil {not shown), or particularty a silicone
oil, for example. However, these chambers may be filled with other non-compressible fluids as
well such as those disclosed in U.S. Patent Application Publication US 2005/0116618, the
disclosure of which is hereby incorporated by reference herein.

In operation, the coil spring 48 of the first basal drive mechanism 46 slowly
expands to exert a bias on the basal drive piston 50 thereby exerting 2 force on the hydraulic
fluid within the basal fluid reservolr 52 and the pump chamber 54. Such an increase in fluid
pressure within the pump chamber 54 urges the delivery piston 58 to the right (as viewed in the
orientation of FIG. 1}. Such movement of the piston 50 causes & quantity of the first
medicament 20 within the reservoir 12 to be forced through the needle 32 and delivered to &
patient. The operation of such a basal drive mechanism is discussed in greater defail within U.S.
Patent Application Publication No. US 2005/0119618.

The drag delivery device 10 further mehades 2 second basal drive mechanism 60
which provides a basal delivery of the second medicament 22 to the patient. The second basal
drive mechanism 60 is the same 23 or similar to the first basal drive mechanisin 46. As such,
like reference numerals have been used to denote like components. For example, the second
basal drive mechanism 60 includes the coil spring 48 secured to the basal drive piston 50. The
basal fiuid reservoir 52 of the second basal system is in fluid communication with the pump
chamber 54 through the connective passageway or flow restrictor 56. Similarly, the fluid
regervoir 52, pump reservoir 54, and flow restrictor 56 associated with the second medicament
are each filled with an oil such as & sificone oil, for example. Farther, the second basal drive
mecharism 60 operates the same ag or similarly to the first basal drive mechanism 46 to force
the second medicamert 22 from within the second reservoir 14 through the needle 34 and into a
patient.

As discussed above, the finid delivery device 10 includes two separate basal
drive mechanisms 46, 60 to provide a basal delivery of each of the first and second medicaments
20, 22. In operation, a single button or actuator may be activated by a user o actuate both of the
first and second drive mechanisms 46, 66 at one time. Of course, separate actuators may be

used 1o independently actuate each of the drive mechanisms 46, 60 as well. Ilinstratively, such
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button{s} or actuator(s} may be iocated on or within the outer housing (not shown) of the fiuid
delivery device 16 to be activated by a user or patient.

Looking still to FIG. 1, a single bolus drive mechanism 62 is used to provide 2
bolus delivery of each of the first and second medicaments 20, 22. The bolus drive mechanism
62 meludes a ratchet 64 having s toothed rack 66 and a pawl 68 engaged with the teeth of the
toothed rack 66. The toothed rack 66 is coupled to a dual-head piston assembty 70 including
firat and second arms 72, 74 spaced-apart from each other by a transverse arm 76 coupled to
both the first and second arms 72, 74, Musiwatively, the toothed rack 66 of the ratchet 64 is
conpled to the transverse arm 76. A bolus drive piston 78 is coupled to each of the first and
second arms 72, 74 of the dual-head piston assembly 70. Each of the pistons 78 is positioned
within an interior chamber of one or a pair of boius delivery reservoirs 80. The bolus delivery
reservoirs 80 are in fluid communication with their respective pump chambers 54.

In operation, a force applied 1o the foothed rack 66 advances the duai-head piston
assembly 70 to force fluid from sach bolus fluid reservoir 80 into the respective pumyp chamber
54 to move the respective driven piston 58 thereby causing bolus delivery of both the first and
second medicaments 20, 22 from the respective first and second drug reservoirs 12, 14, A bolus
actuator bufton may be coupled to the toothed rack 66 such that when 2 user depresses the bolus
actuator button, the toothed rack 66 is advanced a pre-Getermined distance. Alternatively, such
a bolus actuator button may be coupled o the pawl 68 such that when a user depresses the bolus
actuator button, the pawl 68 is advanced a predetertuined distance and forees the toothed rack 66
to advance the same predetermined distance as well. With such an arrengement, a secondary
mechanism may be used to retract the pawl 68 relative to the toothed rack 66 to an activated
position such that the paw! 68 may be advanced again 10 provide another bolus delivery. In
either case, ithe pawl 68 of the Tatchet 64 prevenis the wothed rack 66 from moving backward
after having been advanced. Further, the paw! 68 of the ratchet 64 prevents the toothed rack 66
from moving backward due to any increased fluid pressure caused by fluid moving from the
basal fluid reservoirs 52 into the purmp chambers 54, for example,

As described above, the fluid delivery device 10 includes two separate fluid
reservolrs 12, 14 containing two different medicaments 20, 22 therein. [Hustratively, separate
needles 32, 34 are provided to deliver each medicament 20, 22 ¢ a patient. However, if is
within the scope of this disclosure to include 2 single needle for delivering each of the first and
second medicaments 20, 22, Such embodiments are discussed in greater detail below,

Looking now to FIG. 2, a fluid delivery device 110 is similar fo the fiuid delivery

device 10 described above, As such, the same reference numerals have been used to denote the
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same or similer components. The fluid delivery device 110 includes a first bolus piston 178
positicned within a first bolus reservoir 180. The bolus piston 178 1s larger than the bolus piston
78. Specifically, the first bolus piston 178 has a diameter D1 that is greater than the diameter
32 of the second bolus piston 78. As such, the bolus piston 178 has a greater surface area than
the second bolus piston 78. The disparity in size between the first and second bolus pistons 7§,
178 produces a different bolus delivery (e.g. quantity or amount of medicament being delivered)
of each of the first and second medicaments 20, 22 in response to movement of the dual head
piston assembly 70.

In other words, the concerted movement of the pistons 78, 178 operates fo
displace a different amount of fluid from the respective bolus reservoirs 80, 180 to act on the
driven piston 58 associated with each of the first and second reservorrs 12, 14, This causes a
greater pressure to be exerted on the piston 58 associated with the reservoir 12 relative to the
pressure associated with the reservoir 14. This in turn causes a larger bolus delivery of the first
medicament 20 to be delivered relative to the bolus delivery of the second medicament 22.
Therefore, an incremental movement of the dual-head piston assembly 70 of the bolus drive
mechanism 62 will cause & greater amount of the first medicament 20 to be delivered to the
patient than the second medicament 22.

In many istances, for example, it may be preferable to deliver a first amount of 2
first medicament with a second amount of a second medicament. Varying the size of the bolus
drive piston, therefore, allows the ratio of the two medicaments delivered in a balus delivery to
be varied. In other words, if is within the scope of this disclosure to vary the size of the bolus
pistons of the fluid delivery devices described herein in order to achieve any desired bolus
delivery ratio between the two medicaments being delivered to a patient.

As is discussed in greater detail below, the size of other components associated
with the fiuid delivery device (e.g., drive pistons, flow restrictors, efc.) may also be varied in
order to basally deliver the first medicament at a different rate than the second medicament.
Again, any of these dimensions may be configured in order o produce a desired ratio between
the basal delivery rates of the first and second medicaments.

Looking now to FIG. 3, another fluid delivery device 210 is provided. Again, the
fhuid delivery device 210 is gimilar io devices 10, 110 described above. As such, like reference
numerals have been used to denote ke components. The fiuid delivery device 210 includes a
first bolus drive mechanism 280 and a second bolus drive mechamism 282. Bach of the first and
second bolus drive mechanisms 280, 282 includes a ratchet 64 having a toothed rack 66 and a

pawl 68 engaged with the teeth of the toothed rack 66. Each bolns drive mechanism 280, 282
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further includes a piston 78 coupled to one end of each toothed rack 66 and positioned within an
inner chamber of the respective bolus fluid reservoirs 80. As such, the bolus delivery feature of
each medicament 20, 22 is operated independently by separate bolus drive mecharisms 280,
282

In operation, the bolus drive mechanisme 280, 282 may, therefore, be actuated
independently to separately advance each of the toothed racks 66 of the separate bolus drive
mechanisms 280, 282 enabling a user to provide one bolus delivery of one of the medicaments
20, 22 without providing & bolus delivery of the other medicament 20, 22. For example,
actuation by a user of the first bolus drive mechanism 280 provides a bolus delivery of only the
first medicament 20 while actuation of the second bolus drive mechanism 282 provides a bolus
delivery of only the second medicament 22. Of course, the bolus drive mechanisms 280, 282
may 2iso be actuated by a single actuator (not shown} which is abie to advance each of the
toothed racks 186 at the same time.

Looking now to FI1G. 4, the fluid delivery deviee 310 is provided. The delivery
device 310 is similar to the delivery devices 10, 110, and 210 deseribed above. As such, like
reference numerals have been used to denote like components. The fluid deiivery device 310
includes a single basal drive mechanism 346 having the coiled spring 48 and the basal drive
piston 50. A basal fluid reservoir 352 is in fluid commumication with both the respective pump
chambers 54 associated with each of the first and second drug reservoirs 12, 14. Hlustratively, a
first flow restrictor 356 is positioned between the fhuid reservoir 352 and the pumyp chamber 54
associated with the first reservoir 12. A second flow restrictor 358 is positioned between the
finid reservoir 352 and the pump chamber 54 associated with the second reservoir 14.
Hlustratively, the first flow restrictor 356 is positioned upstream of the second flow resirictor
358, It is within the scope of this disclosure, however, to provide a similer fluid delivery device
wherein the flow resirictor associated with the second medicament is posiiioned upstream from
the flow restrictor associated with the first medicament or alternatively where the two flow
restrictors are in paraliel with each other. In other words, the position or location of the flow
resirictor assogiated with each of the first and second basal drive mechanisms may be altered a5
desired.

The single basal drive mechanism 346 of the fluid delivery device 310 drives the
basal delivery for both the first and second medicaments 20, 22, Thus, aciuation of the drive
mechanism 346 to permit the coil spring 48 to advance the basal drive piston 50 will cause both
of the driven pistons 58 to advance as well. Illustratively, the size (including diameter, or width,

and length) of each of the flow restrictors 356, 358, the pump chambers 54, the pistons 58, and
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the drug reservoirs 12, 14 are shown to be generally the same. As such, the rate of basal
delivery of the first and second medicaments 2€, 22 will generally be the same or similar,
However, 1t should be appreciated that varying one or more of the dimensions of one or more of
the aforementioned components associated with either medicament 20, 22 will provide a fhuid
delivery device which is capable of delivering the first medicament 20 at a first basal delivery
rate while the second medicament 22 is delivered af a second basal delivery rate different from
the first basal delivery rate. In such a scenario, these differing basal delivery rates are provided
with the use of a single basal drive mechanism.

According to another aspect of the present disclosure, s fluid delivery device (not
shown) similar to the fluid delivery device 310 of FIG. 4 may similarly include a single basal
drive mechanism for providing a basal delivery of each of the first and second medicaments 20,
22. However, such 2 fluid delivery device may include a basal fiuid reservoir in communication
with a single pump chamber viz a single flow restrictor. A tail end of a generally Y-shaped
piston (not shown) may be received within the single pump chamber while each spaced-apart
arm of the Y-shaped piston may be received within the fluid reservoir 12, 14 containing the
respective medicaments 26, 22.

Ags guch, the drive mechanism operates to expel hydraudic fhuid, such as silicone
oil, for example, from the basal fluid reservoir, through the flow restrictor, and into the pump
chamber to act upon the tail end of the Y-shaped piston. This force on the Y-shaped piston
causes the piston to thereby expel the first and second madicaments 20, 22 from the reservoirs
12,14, In such a fluid delivery system, a single bolus drive mechanism may also actuate bolus
delivery of each of the first and second medicaments. Further, piston arms having a different
size or different cross-sectional surface area relative to one another provides for a different basal
delivery and a different bolus delivery between the two medicaments 20, 22,

Hlustratively, the fluid delivery device 310 shown in FIG. 4 includes the single
bolus drive mechanism 62 sintilar to that shown in FIGE. 1 and 2 for providing bolus delivery of
both the first and second medicaments 20, 22. However, a fiuid delivery device, such as the
fivid delivery device 410 shown in FIG. 52, may be provided which includes the single basal
drive mechamsm 346 shown in FIG. 4 and separate bolus drive mechanisms 280, 282 sirnilar to
those shown in FIG. 3.

Further, a fluid delivery device 450, shown in FIG. 5b, is similar to the fluid
delivery device 410 shown in FIG. 5a. For example, the device 450 similarly includes a singie
basal drive mechanism 346 and provides a basal delivery of each of the first and second

medicaments 20, 22 while two separate bolus deive mechanisms 280, 282 provide a bolus
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delivery of each of the first and second medicaments 20, 22, Tlustratively, however, two flow
restrictors 356, 357 fluidly connect the basal fluid reservoir 352 with the pump chamber 54
associated with ths first reservoir 12. A single flow restrictor 358 is provided between the basal
fiuid reservoir 352 and the pump chamber 54 associated with the second reservoir 14, The dual
flow restrictors 356, 357 allow additional hydraulic fiuid (not shown) from the basal fluid
reservoir 352 to enter the pump chamber 54 associated with the first reservoir 12. As such, 4
greater pressure 15 exerted on the drive piston 58 associated with the first reservoir 12 than that
which 1s exerted on the drive piston 58 associated with the second reservoir 14. This in turn
causes a larger basal delivery (i.e., a greater rate of delivery) of the first medicament 20 to be
delivered velative o the basal delivery of the second medicament 22, Other systems may be
provided mclading any number of flow restrictors connecting the fluid reservoir 352 with efther
one of the pump chambers 54,

As discussed above, each of the fluid delivery deviess 10, 110, 210, 310, 410,
and 450 are able to provide both a basal delivery and 2 boius delivery of the first medicament 20
as well as both a bagal delivery and a bolus delivery of the second medicament 22. This
ﬁmcﬁsﬁ may be accomplished through various combinations of various features of these
devices 10, 110, 210, 310, 410, and 450, For exampie, the fluid delivery devices 10 nchudes two
separate basal drive mechanisms and a single bolus drive mechanism able to provide 2 bolus
deltvery of each of the first and second medicaments 20, 22. The fiuid delivery device 210 of
FIG. 3, on the other hand, includes two separate basal drive mechanisms and two separate bolus
drive mechanisms. The fluid delivery device 310 of FIG. 4 includes only one basal delivery
mechanism and one bolus delivery mechanism while the fluid delivery devices of FIGS, 52 and
5b include a single basal delivery mechamsm and two separate bolus delivery mechanisms.

As noted above, the fluid delivery device 110 of FIG. 7 illusirates 2 size
difference between the surface area of the bolus drive pistons 178, 78 associated with each of
the first and second reservoirs 12, 13 in order o provide a different bolus delivery of each of the
firet and second medicaments 20, 22 using the single bolus drive mechanism 62, As was
mentioned praviously, the dimension(s) of many other commonents of the various fluid dehivery
devices 10, 110, 210, 310, 410 and 450 may be vared in order to provide a device wherein the
basal and/or bolus deliveries of the first and second medicamenis 20, 22 are different from sach
other.

Looking now to FIGS. 6 and 7, fluid delivery devices 510 and 610 are provided.
The fluid delivery devices 510, 610 are similar n nature to the fiuid delivery devices described

above in FIGS. 1-5b. As such, like reference numerals have been used to denote like
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components. Each of the fluid delivery devices 510 and 6106 provides a basal delivery of only
one medicamenyt, ilostratively, the first medicament 20, In other words, neither of the fluid
delivery devices 510, 610 shown in FIGS. 6 and 7 provides a basal deiivery of the second
medicament 22. However, a bolus delivery of each medicament 20, 22 is provided. This
arrangement may be beneficial for the use of various combinations of first and second
medicamenis where a basal delivery is necessary for only one medicament, but where 2 bolus
deltvery of each medicament is desired. Of course, the fiuid delivery devices 510, 610 may
instead be configured to provide a basel delivery of only the second medicament 22.

Looking first to FIG. §, the fluid delivery device 516 includes one basal drive
mechanism 46 for providing a basal delivery of the first medicament 20. The fluid delivery
device 510 further includes one bolus drive mechanism 62 for providing a bolus delivery of each
of the first and the second medicaments 20, 22. The fluid delivery device 6§10 of FIG. 7 mcludes
one basal drive mechanism 46 for providing 2 basal delivery of the first medicament 20. The
fluid delivery device 610 further includes the first bolus drive mechanism 280 for providing a
bolus delivery of the first medicament 26 and the second bolus drive mechanism 282 for
providing a bolus delivery of the second medicament 22. Of course, the dinension{s) of many
of the components of the fluid delivery devices 510, 610 may be varied in order to provide a
device wherein the bolus delivery of the first and second medicaments 20, 22 are different from
each other.

Looking now to FEGS, 8 and 9, fluid deltvery devices 710 and 810 are provided.
Each of these finid delivery devices 710, 810 ave similar 1o the fluid delivery devices described
above. As such, like reference numerals are used to denote like components. The fluid defivery
devices 710, 810 shown in FIGS. 8 and 9 each provide a basal delivery of the first and second
medicaments 20, 22 while providing a bolus delivery of only the second medicament 22. No
bolas delivery function is provided for the first medicament 20. Of course, the fluid delivery
devices 710, 810 may be modified to provide a bolus delivery of the first medicament 20 only.
Such an arrangement may be beneficial where it 15 desired to basally deliver two different
medicaments to a patient while providing a bolus delivery of only one of the two medicaments.

Looking first to FIG. 8, the fluid delivery device 710 includes the first basal drive
mechanism 46 to provide basal delivery of the first medicament 20 and the second basal drive
mechanism 60 to provide basal delivery of the second medicament 22. The single bolus
delivery mechanism 282 provides the bolus delivery of the second medicament 22.
Hlustratively, the bolus fluid reservoir 80 is in fluid communication with the pump chamber 54

associated with the second reservoir 14, As such, advancement of the toothed gear 66 of the



10

20

25

36

- 16-

bolas drive mechanism 282 io advance the bolus drive piston 78 exerts a pressure on the driven
piston 58 to advance the driven piston 58 and to deliver a bolus amount of the second
medicament 22 through the needle 34,

Similar to the finid delivery device 710, the fluid delivery device 810 shown in
FIG. 9 provides a basal delivery of the first and second medicaments 20, 22 while providing 2
bolus delivery of only the second medicament 22, The basal delivery of both of the first and
second medicaments 20, 22 is provided through the use of 2 single basal drive mechanism 84¢.
A first flow restrictor 856 fiuidly connects the basal fluid reservoir 52 and the pump chamber 54
associated with first drug reservorr 12 while & second fiow restrictor 858 fluidly connects the
basal fluid reservoir 52 and the pumyp chamber 54 associated with the second drag reservoir 14.

Farther illustratively, the basal drive mechanism 846 is positioned between the
pump chambers 54 and the first and second drug reservolrs 12, 14 contaiming the first and
second medicaments 20, 22. As such, neither flow restrictor 856, 858 is positioned upstream or
downstream from the other. While the single basal drive mechanism 846 is providead, it is also
within the scope of this disclosure for the finid delivery device 810 to include ﬂ;e single basal
drive mechanism 346 shown in FIGS. 4 and 5, for example. The bolus drive mechanism 282 of
the fluid delivery device 810 provides a bolus delivery of only the second medicament 22. Of
course, the dimension(s) of many of the components of the flnd delivery devices 710, 810 may
be varied in order to provids a device wherein the basal delivery of the first and second
medicaments 20, 22 are different from each other.

Looking now to FIGS, 10 and 11, flnid delivery devices 910, 1010 of the present
disciosure are provided. Devices 910, 1010 are similar to the fluid delivery devices discussed
ghove, As such, like reference numerals are used to denote like components. Bach of the fluid
delivery devices 510, 1010 provides only a basal delivery of both the first and second
medicaments 20, 22. Therefore, looking first to FIG. 10, the fluid delivery device 910 includes
the first and second basal drive mechanisms 46, 60 essociated with the respective first and
second drug ressrvoirs 12, 14 to provide independent basal delivery of each of the first and
second medicaments 20, 22. No bolus function is provided for either the first or second
medicaments 20, 22. Hlostratively, the fluid delivery device 910 shown in FIG. 10 provides the
basal delivery of the first and second medicaments 20, 22 using two separate basal drive
mechanisms 46, 60. However, a single basal drive mechanism 8446 may be used to provide the
basat delivery of the first and second medicaments 20, 22, as shown by the fluid delivery device
1010 in FIG. 11, for example. Again, no bolus delivery function is provided for the device 1010

of FIG. 11. Of course, the dimension(s) of many of the components of the fluid delivery devices
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910, 1010 may be varied in order to provide a device wherein the basal delivery of the first
medicament 20 is different from the basal delivery of the second medicaments 22.

Looking now to FIGS. 12 and 13, fimd delivery devices 1110, 1210 of the
present disclosure are provided. The devices 1110, 1210 are similar to the fluid delivery deviees
discussed zbove. As such, like reference numerals are used to denote ke components. Hach of
the fluid delivery devices 1110, 1210 provides only a bolus delivery of both the first and second
medicaments 20, 22 and does not provide a basal delivery of either of the first and second
medicaments 20, 22. Therefore, looking firgt to FIG. 12, the fluid delivery device 1110 includes
one bolug drive mechanism 62 associated with each of the respective first and second drug
reservoirs 12, 14 1o provide bolus delivery of sach of the first and second medicaments 26, 22,
No basal delivery function is provided for either of the first or sscond medicarnents 20, 22.
Looking now to FIG. 13, the fluid delivery device 1210 includes first and second bolus drive
mechanisms 280, 282 associated with the respective first and second drug reservoirs 12, 14 to
provide separate bolus delivery of each of the first and second medicaments 20, 22. Again, no
basal delivery fumction is provided for gither the first or second medicaments 20, 22. Of course,
the dimension(s) of many of the components of the fluid delivery devices 1110, 1210 may be
varied in order to provide a device wherein the bolus delivery of the first medicament 20 is
different from the bolus delivery of the second medicaments 22. For example, the size or
diameter of one or both of the bolus pistons 78 may be varied such as that shown in the flwid
deftvery device 450 of FIG. 5b.

Loocking now to FIG. 14, a fluid delivery device 1310 provides a basal delivary
of the second medicament 22 and 2 bolus delivery of the first medicament 20. Dusiratively, no
basal delivery is provided for the first medicament 20 while no bolus debivery is provided for the
second medicament 22. Such an arrangement may be beneficial where only basal delivery of a
first medicament is desired while only supplemental bolus delivery of the second medicament
desired. It is within the scope of this disclosure to provide a fluid delivery device capable of
providing a basal delivery of only the first medicament 20 while providing a bolus delivery of
only the second medicament 22, for example. Hlustratively, the fluid delivery device 1310
shown in FIG. 14 includes the bolus drive mechanism 280 associated with the first fiuid
reservoir 12 and the basal drive mechanism 60 associated with the second fluid reservoir 14.

The fluid delivery devices 10, 11¢, 210, 310, 410, 510, 550, 610, 710, 810, 610,
1010, 1310, and 1410 described above each include one or more of the basat fluid reservoirs 52,
352 fluidly coupled to one or more pump chambers 54 by a flow restrictor, such as fiow

restrictors 56, 356, 357, 358, 856, 858, THustratively, the fluid reservoirs 52, 352 each define an
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inner chamber wherein the respective basal drive piston 50 of the particular basal drive
mechanism is positioned within the inner chamber. However, other various basal fluid
reservoirs which in fluid communication with one or more pummp chambers may be provided as
well. For example, looking to FIGS. 15 and 16, fluid delivery devices 1410 and 1510 are
provided which each include a flexible, balloon-type fluid delivery reservoir 1452 contaming
hydraulic fluid, such as oil, therein. |

Looking specifically to FIG. 15, two separate fluid deilvery reservolrs 1452 are
provided which are each associated with one of the first and second fiuid reservoirs 12, 14,
Further an alternative basal drive mechanism 1446 is provided to force fluid from the respective
basal fluid reservoir 1452 through the flow restrictor 56 and into the pump chamber 54,
Hlustratively, each basal drive mechanism 1446 includes 2 hinged plate member 1450 coupled
to the respective flexible basal fluid reservoir 1452, The hinged plate member 1450 may be
compressed by a spring 1460 or other external force in order to force hydranhc fluid from within
the reservoir 1452 through the flow restrictor and mto the pump chamber 54 to advance the
drive piston 58 and provide a basal delivery of the first medicament 20, for example. While the
hinged plate member 1450 and spring 1460 are disclosed, it is within the scope of this disclosure
to provide other suitable drive mechanisms for compressing the flexible basal fluid reservoir
1452,

As shown in FIG. 15, the first and second basal drive mechanisms 1446, 1460
operate to compress the respective flexible basal fluid reservoir 1452 in order to provide a basal
defivery of each of the first and second medicaments 20, 22. Aliemnatively, a single baszl drive
mechanism 1446 of the fluid delivery device 1510 shown in FIG. 16 operates to provide a basal
delivery of both the first and second medicaments 20, 22,

Hiustratively, any of the fimid delivery devices disclosed herein may include basal
and/or bolus drive mechanisms includimg a hinged plate member and a compressible fluid
reservolr such as that shown in FIGS. 15 and 16. Itis alsc within the scope of this disclosure fo
include other suitable drive mechanisms for advancing a fiuid through a flow reswictor. For
example, & gas drive mechanism may generate gas, such as oxygen, for example, which exerts &
force on either a piston, such as the basal and beolus drive pistons degcribed herein, or which
exerts a force on 2 flexible membrane to push a hydranlic liguid through a flow restrictor to then
advance the medicament to be delivered. Aliernatively, such 2 flexible membrane may directly
force the medicament through a needle or other such infusion device. Further, a spring
compressed bellows crank, a pai}ed rolier set, or other mechanism 1o force hydrauiic fluid (from

a fluid reservorr, for exarnple) through a flow restrictor and into a pump chamber to thereby
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exert a pressure on a movable barrier within a drog delivery chamber to expel at least some fiuid
from within the drug delivery chamber through an aperture of the drug delivery chamber may be
provided.

Looling now to FIG. 17, & flud delivery device 1610 18 provided. The flmd
deltvery device 1610 1s similar to the fluid delivery devices described above. As such, like
reference mimerals are used to dencte like componenis. A flexible member 1638 of the fluid
delivery device 1610 has replaced the driven piston 58 of previous embodiments. The flexible
member 1658 is able to deform in response io the pressure exerted upon it from hydraulic fuid
forced into the pump chamber 54 from either the basal fiwdd reservoir 52 through the flow
restrictor 56 or from the bolus flwid reservoir 80. The deformation of the fiexible member 1658
into the drug reservoir 12 forces the first medicament 20 within the reservoir 12 through the
needie 32,

Hivstratively, the flexible member 1658 as well as the piston 58 described in
previous embodiments operate as barrier mechanisms between the one of the medicaments 20,
22 and the hydraulic fluid exerting pressure onto the barrier mechanism. Although the piston 58
and the flexible member 1658 have been specifically disclosed herein, it is within the scope of
this disclosare to nclude other such suitable barrier mechanisms separating the medicament 20,
22 from the hydraulic fluid. At least a portion of such barrier mechanisms are capable of
moving within the inner chamber of the fimid reservoir refative fo the outer walls of the fiuid
reservoir in order 1o force medicament out of the fluid reservoir. Various other barrier

echanisms are described in greater detail in ULS. Patent No. 6,968,324 and 1.5, Patert
Application Publication No. US 2005/01 19618, the disclosures of which are hereby incorporated
by reference herein.

Bach of the flumid delivery devices described above mcludes a first needle 32 in
fluid communication with the reserveir 12 containing the first medicament 20 and a second
needie 34 in fivid communication the reservoir 14 contatning with the second medicament 22,
These separate needies 32, 34 may be spaced-apart from each other a desived distance in order to
prevent any mixing or commmingling of the first and second medicaments 20, 22 once the
medicaments are mtroduced subcutaneously into the patient. It is often desirable, for example,
to prevent any mixing of two differant medicaments before delivery, during delivery, and after
delivery of the medicaments into the patient if and when there may be compatibility issnes
between the two medicaments, for example. As such, the needles 32, 34 may be positioned at
opposite ends of the respective fluid delivery device in order fo maximize the distance between

the two medicaments when each is delivered into the patient.
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Additionally, or as an alterpative, the first needle 32 may be provided with a
delivery arm 142 which is significantly longer than the delivery arm 42 of the second needle 34,
as shown in FIG. 18, for example. As such, the delivery arm 142 of the first nesdle 32 will be
inserted to a greater suboutaneous depth within the patient than the delivery arm 42 of the
second needie 34. In such an instance, the first medicament 20 is delivered to the patient at a
different subcutancous depth than the subcutaneons depth to which the second medicament 22 is
delivered. By varving the depth to which the delivery end of the needles 32, 34 are mserted
within a patient, the first and second medicaments 20, 22 may be substantially prevented from
mixing once injected into the patient.

Tlustratively, therefore, separate needles 32, 34 may be used to separaiely deliver
the first and second medicaments 20, 22. In instances where there may be compatibilify issues
between the two medicaments 20, 22, the needles 32, 34 may be spaced-apart from each other a
suitable distance to substantially prevent any mixing of the medicaments 20, 22 during and after
delivery of the medicamnents 20, 22 to the patient. Additionally, or as an alternative, the needies
32, 34 may be ingerted into the patient at different depths to further prevent any mixing of the
medicaments 20, 22 during or after delivery of the medicaments 20, 22.

Looking again to FIG. 18, a needle cover button 200 is provided which
illustratively houses both needies 32, 34 therein. As such, actuation of the needle cover button
200 by a user or patient actuates both needles 32, 34 at the same time. Hiustratively, in
operation, the needies 32, 34 are positioned in a first, un-activated position (not shown} whereby
the uptake arm 40 of each needle 32, 34 is spaced apart from the respective stoppers 24, 28,
Further, the delivery arm 142, 42 of each needle 32, 34 is contained within an external housing
(not shown) of the fluid delivery device. In order fo move the needies to an activated position, 2
user depresses the button 200 to lower each needle 32, 34 such that the uptake amm 40 of each
needle 32, 34 pierces the respective stopper 24, 28 and is in fluid commmication with the
holiow chamber 26 containing the respective first and second medicaments 20, 22, as shown in
FIGS. 1-17, for example. Further, in the activated position the distal end 38 of the delivery amm
142, 42 of each needie 32, 34 extends beyond the external housing of the delivery device for
subcutaneous placement within the patient. Although the single needie cover button 200 15
shown im FIG. 18, ii is within the scope of this disclosure to include a separate needle cover
button associated with each needie 32, 34 such that the needles 32, 34 may be activated
separately.

Looking now to FIG. 19, a generally “Y-shaped” needle 232 is provided and may

be used with one or more of the delivery devices disclosed herein. Hlustratively, the needle 232
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mcludes a single delivery arm 242, a first uptake arm 244 spaced-apart from and illustratively
paraliel to the delivery arm 242, and a second uptake arm 246 spaced-apart from and
Hlustratively paraliel to the delivery arm 242 as well. A respective first and second transverse or
connector arm 248, 250 couples each of the uptake arms 244, 246 1o the delivery arm 242, The
needle 232 is canmilated to define a continuous passageway gxtending through each of the arms
242, 244, 246, 248, 250. In an activated position, the first end 36 of each uptake arm 244, 246 is
received through an outer wall of the respective first and second stoppers 24, 28 of the various
fluid delivery devices disclosed herein. As such, the first end 36 of each uptake arm 244, 246 is
positionad within the nollow chamber 26 of each stopper 24, 28 when the needls 232 is in the
activated position. The second end 38 of the delivery arm 242 of the needle 232 1s provided for
subcutanecus insertion into a patient m oxder to deliver the first and second medicaments 20, 22
to the patient.

Iliustratively, the needie 232 permits the first and second medicaments 20, 22 t¢
mix with each other prior to being delivered into the patient. For exampie, the first medicament
20 may enter the uptake arm 244 of the needle 232 and travel along the fransverse arm 248 to
the delivery arm 242, The second medicament 22 may similarly enter the uptake arm 246 ofthe
needle 232 and fravel along the wansverse arm 250 fo mix with the first medicament 20 in the
delivery arm 242, The needle 232 may be used with delivery devices where the first and second
medicaments 20, 22 confained within such delivery devices are compatibie with each other and
may be mixed prior to delivery into the patient. Of course, with separate basal and bolus
delivery mechanisms, there may be instances where only the first medicament 20 or only the
second medicament 22 is being delivered through the needle 232,

While the *Y-shaped” needle 232 1is disclosed herein for use with compatible
medicaments able to be mixed together, it should be understood that other suiiable needles may
be used which permit the medicaments to mix with each other after leaving the fluid reservors
within which eack is stored. For example, it i5 to be understood that Y-shapes are mtended to
encompass T-shapes. Further iliustratively, a cover button 252 is shown in FIG. 19 to cover and
maintain the needle 232 in the un-activated position until the bution 252 is depressed or
activated by a user or patient. Further, upon depressing the cover buiton 252, the needie 232
may be moved to the activated position to allow fluids from the first and second reservoirs 12,
14 to enter the respective uptake arms 244, 246.

According to one aspect of the present disclosure, & fluid delivery device may
mclude a pluraiity of drug reservoirs for containing and delivering a plurality of different

medicamenis. For example, while the fluid delivery devices described above and shown in
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FIGS. 1-17, include first and second medicaments 20, 22 contained within first and second
reservoirs 12, 14, it is within the scope of this disclosure to include a fluid delivery device
having s third medicament contained within a third reservoir. A separate or shared basal drive
mechanism may be associaied with the third reservoir containing the third medicament while 2
separate or shared bolus drive mechanism mav also be associated with the third reservorr
containing the third medicament. Further, a shared or separaie needle may also be associated
with sach of the first, second, and third medicaments to deliver sach medicament separately or
combined. Sunilarly, it is within the scope of this disclosure to inciude a fiwid delivery device
having more than three medicaments each contained within separate fluid reservoirs.

According to another aspect of the present disclosure, the delivery devices
disclosed herein are relatively compact, portable, and able to be {ixed to the user or patient
during use and subsequently disposed of when the treatment 1s finished. Of course, other such
non-portable and non-disposable delivery devices are included within the scope of this
disclosure as well.

According to still another aspect of the present disclosure, the fuid delivery
devices described herein are adapted to deliver two different medicaments 20 and 22. Inone
embodiment, the first and second medicaments 20, 22 are selected as bemng adapted for treating
two different diseases that may cceur in a co-morbid disease state. In another embodiment, the
first and second medicaments 20, 22 are selceted 28 being adapted for treating two different
symptoms that may be present in a gingle disease. In another embodiment, the first and second
medicaments 20, 22 are selected as being adapied for treating the same digease and/or symptom
where such a combination of such two or more medicaments may be comempiated or desirable.

In another embodiment, the first and second medicamenis 20, 22 are selected as
being adapted for treating a disease state where for example, one of the first or second
medicaments 20, 22 causes undesirable or unwanted side effects or other adverse events, and the
other of the first and second medicements 20, 22 mediates, ameliorates, or alleviates those side
effects or adverse events.

I another embodiment, the first and second medicaments 20, 22 are selected as

eing adapted for treating a disease state where the sfficacy or performance of one of the first or
second medicaments 20, 22 is enhanced or improved by the co-administration of the other of the
first or second medicaments 20, 22. Efficacy enhancement may be additive or synergistic, or
may correct for or mediate sensitization, desensitization or tolerance that may accompany the

use of one of the frst or second medicamenis 20, 22. It is appreciated that such enhancement or
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improvement may icad to the lowering of the overall amount of the medicament whose efficacy
or performance is enhanced.

It 1s understood that the devices described herein may allow for the pairing of
two medicaments that otherwise could not be delivered in a unitary dosage form by
conventional means. For example, certain pairings of medicaments may not be possible in
conventiorial unitary dosage forms due to chemical incompatibihity, differential stability
requirenents, different formulation requirements, and other optimization parameters needed for
efficacy. Further, certain pairings of medicaments may not be possible in conventional unitary
dosage forms due fo the need for flexibility in altering the ratio of the first and second
medicaments. It is suggested that conventional dosage forms would reguire 2 fixed ratio.
Further, certain patrings of medicaments may not be possibie in conventional unitary dosage
forms due to coraplicated dosing regimens requiring alternate administration over predetermined
time periods. if 1s to be further understood that though the foregoing describes drug pairings,
those aspects apply equally to embodiments of the delivery devices described herein that are
configured to deliver three or more medicaments.

In one embodiment, the devices described herein are adapied for delivering
medicaments to treat diabetes, including Type T and Type I disbetes, diabetic sympioms, and
disbetic conditions,

Iz one embodiment, the first or second medicament 20, 22 is insudin or an insulin
analog, and the other medicament 20, 22 is drug selected to improve the performance, or
decrease the side effect nrofile of the msuln or insulin analog. E is o be understood that the
first and sscond medicaments 20, 22 may each refer to the insulin or analog thereof. For
example, as used herein, insulin analogs incinde pro-insulin, pre-insulin, and insulins that have
been modified with various amino acids, such as with insertions, deletions, and substitations.
The devices described herein inclnde various options as to the presence or absence of bolus
and/or basal delivery, the relative size of the bohus deltvery, the relative rate of the basal
delivery, and other features. Accordingly, in some embodiments of the devices, the insulin or
insulin analog is the first medicament 20, while in other embodiments, the insulin or insulin
analog is the second medicament 22. Accordingly, as used throughout the terms first
medicament 20 and second medicament 22 may be interchanged with the identification of the
medicament for different configurations and embodiments of the devices described herein.

In another embodiment, both natural ard synthetic imsulins and insuiin analogs
may be used as the first or second medicament 20, 22. In one aspect, insuling used are naturally

occurting, such as natnrally occurning human msuiins and analogs thereof, incinding but not
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limited to those produced using recombimant methods from other organisms such as bacterza. In
another aspect, insuling used are synthetic insulins, or modified insuling including amino acid
chain modifications such as insertions, deietions, and exchanges in the insubin sequence.
Hustratively, the tnsulins are Lispro insulin, Aspart insulin, Glargine insulin, Detemnir msulin,
and the liks. Further, insulins include but are not limited o the amino acid nsertions, aming
acid deletions, and amino acid substitutions of various insulins from human and other sources.
It is understood that such modifications may be made on the A or B chams. Iiustratively,
insuling may be included as medicaments 20, 22 herein, where Asp28 on the B-chain is
substituted, such as with Pro28 or Lys28; where Lys29 in the B-chain is substituted with Pro29
or Gluz9; where the B-chain 1s extended, such as with Arg31 or Arg31-Arg32; where Asn 21 on
the A-chain is substituted, such as with Gly21; where Asn3 on the B-chain is substituted, such
as with Lys3; and similar modifications.

It another aspect, insuling used as medicaments herein are intermediate acting
insulins, including bt not Emited to HUMULIN L, HUMULIN N, NOVOLIN N, NOVOLIN
R, and the like. In another aspect, insulins nsed as meGicaments herein are rapid acting insulins,
including but not limited o APTDRA, HUMALOG HUMULIN R, NOVOLIN R, NOVOLOG,
and the Hke. In another aspect, insulins used as medicaments herein are long acting insulins,
meluding but not iimited to HUMULIN U, LANTUS, and the like. In another aspect, insuling
used as medicaments herein are mixtures of various nsulins, including but not lmited to
HUMALOG MIX 75/25, HUMULIN 30/50, HUMULIN 70/30, NOVOLIN 70/30, NOVOLOG
MIX 70/30, and the like.

In one variation, both medicaments 20, 22 are insulins. H is appreciated that
more varied miztures of insulins may be delivered 1o certain patients using configurations where
the first medicament 20 is one insulin, and the second medicament 22 is another insulin. [t is
understood that insuling may be selected to suit the needs of various subpopulations of patients
for which readily available premixed insuling are less desirabie, or where mixing insulins is not
desirable. In another aspect the first insulin Is long acting insulins such as HUMULIN U,
LANTUS, and the like, and the second nsulin is an intermediate or short acting insulin, as
described herein. In one configuration, the device is selected such that both the first and second
medicaments 20, 22 are primarily or exclustvely admninstered to the patient in 2 bolus manner
rather than 2 basal manner. In those configuration, it is understood that for example, the long
acting insulin may be administered as a once-per-day bolus amount, and the short or
intermediate acting insulin is administered in a meal-time ready belus amount. In one variation

it is contemplated that the short or intermediate acting insulin may be administered in a bagal
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manmer as well, or in another variation the short or mtermediate acting insulin may be
admimistered in a basal manner over a shortened period of time to correspond with meal time.

In an aliernate embodiment, the other medicament 20, 22 may be incinded o
increase the efficacy of, improve the performance of, or decrease the side effect proile of the
insulin or insulin analog used as a roedicament. The mechanisms for this increased insuiin
efficacy or improved performance may be any, including improving endogenous insulin
production, decreasing insulin resistance or insulin insensitivity, improving the utilization of
insulin and ghicose by peripheral tissues, increasing the uptake of giucoss by peripheral Gissuss,
decreasing the amount or slowing the rate of endogenous sugar production from certain organs,
including but not limited to the liver, decreasing the ampount or slowing the rate of
gastrointestinal sugar absorption, and the ike.

In one configuration, the other medicament is an incretin, incretin mimetic or
incretin analog, such as ghicagon-like-peptide (GLP), a GLP-1 anzlog, exenatide (BYETTA,
Amvlin, Lilly), Extendin-4, and the like. Incretin mimetics and/or incretin analogs may act
analogous to Glucagon-Like Pepiide-1 (GLP-1}, a naturaily occurring peptide which enhances
insulin secretion in response o elevated plasma glucose ievels, may be included as helper drugs.
1t is wnderstood that the GLP-1 syster increases meulin secretion only in the presence of
elevated plasma glucose levels, avoiding inappropriately high msulin levels during fasting, Itis
appreciated that incretins may enhance glucose-dependent insulin secretion and exhibit other
antihyperglycemic actions following their release into the circulation. Increfins may also
moderafe peak serum giucagon levels during hyperglveemic periods following meals, without
interfering with glucagon release in response to hypoglyeemia. Increting may aiso have
beneficial secondary effects of reducing the rate of gastric emptying and decrease food intake,
mitigating the potential severity of hiyperglycemic events after meals. In one embodiment, the
devices described herein include a daily dose of BYETTA in the range from about 5 to about 10
micrograms. In the foregoing configuration, it is appreciated that devices may be selected that
include a separate needle for sach of the reservoirs contaiming medicaments 20, 22, such that
substantial mixing of the two medicaments does not cocur at, or optionaily near, the sites of
injection.

In another configuration, the other medicament is an amylin peptide, such as
prambntide (SIMEYN, Amylin). It is appreciated that deficiencies i insulin may paraliel
deficiencies in amylin. Amylin may bave a moderating effect on blood glucose absorption from
the gut into the blood, slowing and managing meai-derived glucose infiow, controlling

pancreatic glucagon secretion, and consequently regulating hepatic glucose production. In the
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foregoing configuration, it is appreciated that devices may be selecied that include a separate
needie for each of the reservoirs containing medicaments 20, 22, such that substantial mixing of
the two medicaments does not oceur at, or optionally near, the sites of injection.

In another configuration, the other medicament is a biguanide or biguanide
combination In one illustrative aspect, the biguanide 1s metformin (GLUCCPHAGE,
FORTAMET, RIOMET). In another illustrative aspect, the biguanide is an inhibitor of hepatic
glhucose production. In another aspect, the biguanide is an inhibitor of gastrointestinal glucose
absorption. It is appreciated that biguanides may increase the efficacy of insulin therapy by
decreasing hepatic glucose production, decreasing intestinal ebsorption of glucoss, and/or
increasing peripheral giucose uptake and utilization. In one variation, pharmaceutically
acceptable salts of such medicaments are included in the devices described herem.

In another configuration, the other medicament is a glucosidase inhibitor, such as
acarbose (PRECOSE, Bayer), and the like. It 15 appreciated that glucosidase inhibitors may
increase the efficacy of insulin therapy by slowing either the pancreatic and/or Intestinal
hydrolysis of complex carbohydrates to glucose.

In another configuration, the other medicament is a sulfonylurea, such as Amaryl
ghimepinde (AMARYL, Aventis), glvbunide {DIABET A, Aventis), glipizide (GLUCOTROL,
Piizer}, and like insulin secretagognes. If is appreciated that suifonvivreas may increase the
efficacy of insulin therapy by increasing the amount of endogenous insulin secretion, such as
from panereatic beta cells. In addition, sulfonviureas may increase the efficacy of insulin
therapy by increasing the sensitivity of peripheral tissues to insulin.

In another configuration, the other medicament is a meghitinide, such as
repaglinide (PRANDIN, Nove Nordisk), nateglidine (STARILIX, Novaiis), and like insulin
secretagogues. It is appreciated that meglitinides may increase the efficacy of insulin therapy by
increasing the amount of endogenous insulin secretion, such as from pancreatic beta cells, by
blocking ATP-dependent potassiurn channels.

in another configuration, the other medicament is an agonist of a peroxisome
profiferator activated receptor (PPAR such as PPARy. In one embodiment, the PPARy agonist
is & thiazolidinedione (TZD) insulin sensitizer, including but not hmited to pioglitazone
(ACTOS, Takeda), AVANDAMET (GlaxoSmithiime), rosightazone maleate (AVANDIA,
GlaxoSmithKline), phenformin, buformin, and the hke. T is appreciated that TZD msulin
sensitizers and other PPARYy agonists may increase the efficacy of msulin therapy by decreasing
insulin resisiance or msensitivity in peripheral tissues and in the liver, resulting in increased

insulin dependent gincose disposal and decreased hepatic ghucose output. It is appreciated that
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compounds that also lack PPARw binding action may be advantageously included in the devices
described herein.

In another configuration, mixtures of such other medicaments are contemplated.
Hlustraiively, the mixture may be of a TZD nsulin sensitizer or PPARy agonist and a biguanide,
such as metformin mived with rosiglitazone maleate (AVANDAMET, GlaxoSmithKline), and
like mixtures. If is appreciated that other drugs that reduce hepatic gluconeogenesis may be
included alone or in combination with TZDs. It is also appreciated that other drugs that
decrease infestinal absorption of ghicose may be incinded alone or in combination with TZDs.

It is also appreciated that other drugs that improves insulin sensitivity by increasing peripheral
glucose uptake and uiilization may be included alone or in combination with TZDs. In addition,
the mixture may be of an incretin mimetic or incretin analog and a biguanide or sulfonyl ures,
such as exenatide mixed with metformin or glimepiride, and like mixtures. In addition, the
mixture may be of a biguanide and 2 sulfonylurea, such as metformin mixed with glipizide
{(METAGLIP, Bristol Meyers Squibb), and like mixtures.

In another configuration, the other medicament is a saccharide, such as a
glucagon or an analog thereof. It is appreciated that during nsulin administration with the
devices described herein, 1t may be desirable or necessary to moderate and/or lessen the impact
of insulin administration that may result in hypoglycemia or a hiypoglycemic condition. i is
further appreciated that the admimstration of such a saccharide may be controlied by the bagal
functions of the devices described herein, or alternatively by the bolus functions of the devices
described herein. For example, in one illustrative embodiment, upon the onset of hypoglycemia
or a hypogivcemic condition, the patient being treated may initiate a bolus administration of the
saccharide. It is understood that the onset of hypoglycemia or 2 bypoglycemic condition may be
determined using any conventional method of monitormg blcod-glucose levels, melading but
not limited to blood-glucose strips, and the like. In one variation, the onget of hypoglycemia or
a hypoglycemic condition may be determined by the pafient through training, and/or experience
i recognizing certain symptoms indicating such hypoglycemia or & hypoglyeemic condition, &t
is forther understood that in other configurations, if is less desirable to have any sustained jevels
of glucagon administration, and therefore one variation of this embodiment would include bolus
delivery of the saccharide as the primary or exciusive route of administration.

In apother configuration, the other medicament is insulin-like growth factor
(IGF) 1 or 2, or an analog or derivative thereof. It is eppreciated that IGF-1 and/or IGF-2 may
be admumistered with insulin, or analogs thereof, to decrease hypoglveemia and/or hypoglycermic

conditions that may be caused by insulin administration alone. IGF-1 and IGF-2 bind to insulin
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receptors, but with much lower affinity than does msulin, such as at about 10-fold or even 100-
fold less affinity than insulin, Without being bound by theory, it is suggesied co-administration
of IGF-1 or IGF-2, or an analog or derivative thereof, may decrease insulin sensitivity and
therefore may decrease the potential for the onset of hypogiyeemia and/or hypogiveemic
conditions caused by insulin administration. It is understood that IGF-1 and IGF-2 may be
rapidly bound to binding proieins upon administration. Accordingly, ligand conjugates of 1GF-1
and IGF-2, and thetr analogs, are also conternplated herein. Such ligand conjugates may
mcrease the overall bioavailability of the IGF-1 and IGF-2, or analog thereof that is
administered as described herein.

In another configuration, the other medicament is C-peptide, or an analog
thereof. It 1s understood that in endogenous insulin production and metabolism, pro-insulin is
made in the S-cells and onee release it is cleaved by peptidases 1o release the C-peptide
fragment. Finally, carboxypeptidase E produces the mature insulin by truncating the terminus of
the B-chain. It is appreciated that C-peptide may be co-adpunistered with the insulin, or any
analog or derivative thereof, as the second medicament. Without being bound be theory, it is
suggested that C-pepiide is useful in regulation of glucose metabolism and also in other
biologically important processes, and therefore, the complete or near complete replacement of
endogenous insulin with exogenous sources may lead to an wndesirable level of Co-peptide. For
example, nenropathy is a co-morbid pathology that may accompany diabeies or other diabetic
conditions or condition of glicose dysregulation. Thus, it is suggested that C-peptide
administration may treat neuropathy, decrease the progression of newropathy, or delay or halt the
onset of neuropathy. It is appreciated that the devices described herein may lead fo better
patient compliance than conventional methods, inchuding conventional methods that include
administering C-peptide by injection.

In one aspect, the C-peptide, or analog or denivative thereof, is administered {o
the patient af a ratio of about 1:1 on 2 molar basis compared to the insufin, thus mirroring the
endogencus condition in healthy patients. In another aspect, the C-peptide, or analog or
derivative thereof] is administered 1o the patient at a rafio of less than 1:1 on a molar basis
compared to the insulin. In this latter embodiment, it is understood that levels of C-pepiide may
not need 1o be maintained as high as those of insulin o treat diabetes and associated conditions.
in addition, if 1s nnderstood that C-pepfide administwation may lead 1o a plateau effect, and
accordingly, patient needs for C-peptide may decrease over time. Thus, in this aliemate aspect,
the C-peptide, or analog or derivative thereof, is administered to the patient at & ratio of about

4:5, about 3:4, about 2:3, or sbout 1:2 on 2 molar basis compared to the insulin.
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In addition, it is appreciated that though the foregoing embodiment where the
second medicament 1s C-peptide, or an analog or derivative thereof, may be administered using
any of the devices described herein, in one variation, devices are selecied that mnclude a single
needie, whereby both medicaments 20, 22 mix prior to administration. In another variation,
devices are selected that include two or more needles, where at least two of such needles are
located proximally to the other, thus allowing both medicaments 20, 22 to mix immediately or
soon after administration at the site of entry nto the patient.

In anothey configuration, the first and second medicaments 26, 22 are both anti-
infective compounds. In one aspect, the anti-infective compounds are antibacterial agents, such
as penicilling and related compounds. including carbacephers, carbapenems, cephalosporins,
and the like, monobactams, polyseptides, aminoglycosides, glycopeptides, vancomycins,
macrolide antibiotics including ervithromycins, guinolones, sulfonamides, tetracyelines, and the
like.

Hlustrative aminogiveosides that may be inciuded in the devices described herein
nclhude, but at not limited to, amikacin, gentamicin, kanamycin, neomycin, netilmicin,
streptomyvetn, tobramyein, and the like, Hiustrative carbacephems include loracarbef and the
like. Hlusirative carbapenems include ertapenern, imipenem, cilastatin, meropenem, sud the
like. Hlustrative cephalosporins include first, second, third, and fourth generation
cephalosporins, such as cefadroxil, cefazolin, cephalexin, cefaclor, cefamandole, cefoxitin,
cefprozil, cefuroxime, cefixime, cefdinir, cefditoren, cefoperazone, cefotaxime, cefpodoxime,
ceftazidime, cefiibuten, ceftizoxime, ceftriaxone, cefepime, and the like.

fHustrative macrolides that may be included in the devices described herein
mehude, but at not limited fo, azithromycin, clarithromyein, dirithromyein, ervthromyein,
roxithrontyucin, iroleandomycin, and the like. IHustrative giyvcopeptides that may be included in
the devices described hersin include teicoplanin, vancomyein, and the like. Hiustrative
peniciliing inciude amoxicillin, ampicillin, azlocillin, cabeniciilin, cloxacillin, and the like, and
monobactams inchude azireonam, and the Hke. Illustrative polypeptides mclude bacitracin,
colistin, polymyxin B, and the like.

Iustrative quinclones includes eiprofioxacin, enoxacin, gatifloxacin,
levofloxacin moxifloxacin, and the like, IHlusirative sulfonamides include mafenide,
sulfacetamide, sulfamethizole, sulfasalazine, sulfisoxazole, trimethoprim, BACTRIM, and the
iike. Tustrative tetracyclines include demeciocyeline, doxyeycline, minocyeline,
oxvtetracycline, teracycline, and the like. Still other illustrative antibjotics that may be

included in the devices described herein include, but at not limited to, arsphenamine,
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chloramphenicol, floramphenicol, clindamycin, ethambeto!, fosfomyein, furzehidone, isoniazid,
linezolid, metronidazole, nitrofurantoin, rifampin, spectinomycm, telithromycin, and the like.

In another embodiment, the first and second medicaments 20, 22 are agonists or
antagonists of nevrotransmitier recepiors. In one illustrative aspect, the first medicament is
doparnine or & dopamine receptor agonist, and the second medicament is a dopamine receptor
antagomst. Ilustrative dopamine receptor agonists and antagonists are described in PCT
international application serial No. PCT/US2004/043145, the disclosure of which is incorporated
hersin in ifs entirety by reference. In one aspect, the dopamine agonist is selective for the dopamine
Dy receptor. In another aspect, the dopaming anfagonist i3 seiective for the dopamime Dy receptor. It
is appreciated that the co-adminisiration of a dopamine D, recepior antagonist may enhance or
improve the efficacy or overall benefit of the dopamine receptor agonist, including dopamine £
receptor agouists. It is also appreciated that the co-administration of a dopamine D; receplor
antagonist may decrease, ameliorate, or alleviate side effects associated with the dopamine receptor
agonist, including dopamine I} receptor agomsts.

Iifustrative dopamine D, receptor antagonists that mey be included in the devices

described herein mclude, but at not limited to, compounds of the formulae:

and pharmaceutically acceptable salts thereof, wherem R is hydrogen or C-Cs alkyl; R'is
hyvdrogen, acyl, such as C)-C, alkanoyl, benzovl, pivalovl, and the like, or an optionally
substituted phenyl or phenoxy protecting group, such as a prodrug and the Hke; X is hydrogen,
fluoro, chloro, bromo, iodo or a group of the formula —OR® wherein R® is hydrogen, Ci-Cs allol,
acyl, such as C1-C; alkanoyl, benzovl, pivaloyl, and the like, or an optionally substituted pheny!
or phenoxy protecting group, provided that when X is a group of the formula ~ORY the LIPS
R' and R® can optionally be taken together to form a -CHz- or -(CH,)- group, thus representing
a methylenedioxy or ethvienedioxy fimctional group: R®, R%, R®, R, R®, RY, and R are cach

independently selected from hydrogen, C,-Cy alkyl, phenyl, fluoro, chioro, bromo, iode, and 2
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group ~OR wherein R’ is hydrogen, acyl, such as Cr-Ca alkanovi, benzoyl, pivaloyl, and the
iike, or an optionally substituted phenyl or phenoxy protecting group; and R® iz selected from
hydrogen, C-Cy alkyl, phenyl, fluoro, chloro, bromo, iodo, a group ~OR® wherein R” is
hydrogen, acyl, such ag Ci-Cy alkanovl, benzoyl, pivaloyl, and the like, -OR! and X, as defined
above, and optionally substituted pheny! or phenoxy protecting groups, providing that at least
one of R% is -OR',

IHiustrative dopamine D, receptor antagonists that may be inciuded in the devices
deseribed herein include, but at not hmited fo, antipsychotic agents, Hlustratively selecied from
the typical and atypical families of antipsychotic agents. It is appreciated that atypical
antipsychotics may generally be associated with less acute exirapyramidal symptoms, especially
dystonias, and less frequent and smaller increases in serum prolactin concentrations associated
with therapy. In one aspect, the typical antipsvchotic agents include phenothiazines and non-
phenothiazines such as loxapine, molindone, and the like. In another aspect, the atypical
antipsychotic agents inchude the clozapine-like agents, and others, including aripiprazole,
nsperidone {3-[2-[4-(6-fluoro-1,2-benzisoxazol-3-yDpiperidino]ethylj-2-methyl-6,7,8,9 -
tetrahydro-4H-pyrido-{ 1,2-a]pyrimidin-4-one}, amisulpiride, sertindole (1-{2-[4-{ 5-chioro-1-(4-
fluorophenyl}-1H-indol-3-y] - I-piperidinytjethyl limidazotidin-2-one), and the like.
Phenothiazines include, but are not limited to chiorpromazine, fluphenazine, mesoridazine,
perphenazine, prochiorperazine, thioridazine, and triflnoperazine. Non-phenothiazines inclade,
but are not limited to haloperidol, pimozide, and thiothixene, Cther clozapine-iike agents
inciude, but are not limited to olanzapine (2-methyi-4-(4-methyl-1-piperazinyti-10H-thieno{2.3-
bl{ 1,5 benzodiazepine), clozapine (8-chloro-11-{4-methyl-1-piperazinyi}-5H-
dibenzofb,e][1,4]diazepine), quetiapine {5-{2-(4-dibenzo[b, f]] 1,4}thiazepin-11-vi -1-
piperazinyl)ethoxy]ethanol), ziprasidone (5-[2-[4-(1,2-benzoisotinazol-3-yl)-1-
piperazinyliethyl}-6-chlore-1,3-dihyd ro-2H-indol-2-one), and the like. It is appreciated that
other typical and atypical antipsychotic agents may be used as the dopamine receptor antagonist
described herein. It is also appreciated that various combinations of typical and afypicat
antipsychotic agents may be used.

The devices described herein may be configured to deliver daily dosage amounts
of the various first and second medicaments 20, 22 at bioequivalency levels comparable to
conventional drug formulations. Hhustratively, metformin may be delivered at rates that
correlate to the conventional orai dosage of 500, 850, 1,000, or 2,000 mg/day. Itistobe
understood that the amount delivered by the parenteral routes described herein for the various

devices will often be substantially lower than the eguivalent oral dosage form. For example,
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metformin may be delivered in a pulsatile or bolus delivery profile at a rate that corresponds to
values that do not exceed the peak plasma concentration {Cpe) observed for the oral dosage
form, such in the range from about 0.5 to about 4 pg/ml. Alternatively, metformin may be
cieiivered In a sustained or basal delivery profiie at a rates lower than the Chay, and
corresponding to the average value under the ares under curve (AUC), such as in the range from
about 4 to about 10 pgeh/ml. These and other values for metformin, as well as for other first
and second medicaments 20, 22 described herein are found in and/or routinely devived from
values presented for the conventional dosage forms of such medicaments in Physicians’ Desgk
Reference, Thompson PDR, Montvale NJ {59th edition, 2005), the disclosure of which is
mcorporated herein by reference.

it is suggested that the devices described herein may be particularly appropriate
for basal {iéiivcry, or alternatively belus delivery at more frequent and lower doses, of
medicaments that are delivered conventionally once or twice per day due to formulation issues,
convenience, or poor expecied patient compliance. Accordingly, the devices described herein
may be configured to deliver pharmacokinetic {PK) profiles of medicaments that are not
possible with conventional formulations. For example, the peak-valiey PK profile generally
accompanying onee a day dosing may be converted to 2 lower Jevel sustained release PE
profile, or 2 lower peak-higher valley more frequent pulsatile PX profile.

There are a plurality of advantages of the present disciosure arising from the
various features of the apparatus and methods described herein. It will be noted that alternative
embodiments of the apparatus and methods of the present disclosure may not inciude all of the
features described yet still benefit frorn at least some of the advantages of such features. Those
of ordinary skill in the art may readily devise their own implementations of an apparatus and
method that incorporate one or more of the features of the present disclosure and fall within the

spirit and scope of the present disclosure.
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CLAIMS

1. A fluid delivery device for administering a first medicament and a second medicament, the fluid
delivary device comprising:

a housing;

a first fluid reservoir configured to contain the first medicament within the housing;

a second fiuid reservoir configured to contain the second medicament within the housing;

a needle having a first end configured to extend info the first fluid reservoir and & second end
configured to extend from the housing;

a basal pump chamber having hydraulic fluid and coupied to the first fluid resarvoir;

a basal drive mechanism having a hydraulic fluid reservoir, the hydraulic fluid reservoir
including hydraulic fluid;

a flow restrictor fluidly coupling the hydraulic fiuid reservoir with the basal pump chamber, the
basal drive mechanism configured to pressurize the hydraulic fluid in the basal pump chamber and
engage the first fluid reservoir to provide a basal delivery of the first medicament; and

a bolus drive mechanism coupled to the second fluid reservoir and configured to provide a

bolus delivery of the second medicament.
2. The fluid delivery device of claim 1, wherein the needie is a basal needle and the fluid delivery
gevice further comprises: a bolus needie having a first end configured o extend info the second fluid

reservoir and g second end configured to extend from the housing and into a user.

3. The fluid delivery device of claim 2 further comprising: @ needie button, the basal needle and the
bolus needie being coupled 1o the needie button.

4. The fiuid delivery device of claim 1, wherein the needie includes & third end configured to extend

into the second fluid reservoir.
5. The fluid delivery device of claim 4 further comprising a needle butfon coupled to the needie,

6. The fluid delivery device of claim 1 further comprising: 2 bolus pump chamber including a

hydraulic fluid and coupled between the bolus drive mechanism and the second fluid reservoir.

7. The fluid delivery device of claim 1, wherein the bolus drive mechanism includes a ratchet.
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8. A fluid delivery device for administering a first medicament and a second medicament, the fluid
delivery device comprising:

a housing configured fo have a first fluid reservoir containing the first medicament and a
saecond fluid reservoir containing the second medicament;

a needle having a first end configured to extend into the first fluid reservoir and a second end
configurad to extend from the housing;

a basal pump chamber having hydraulic fluid and coupled to the first fluid reservoir;

a basal drive mechanism having a hydraulic fluid reservoir, the hydraulic fluid reservoir
including hydraulic fluid;

a flow restrictor fluidly coupling the hydrauiic fluid reservoir with the basal pump chamber, the
basal drive mechanism configured to pressurize the hydraulic fluid in the basal pump chamber and
engage the first fluid reservoir to provide a basal deiivery of the first medicament; and

a bolus drive mechanism coupled to the second fluid reservoir and configured to provide a

holus delivery of the second medicament.
9. The fluid delivery device of claim 8, wherein the needle is a basal needle and the fluid delivery
device further comprises: a bolus needle having a first end configured to extend into the second fluid

reservoir and a second end configured to extend from the housing.

10. The fluid delivery device of claim 8 further comprising: a needie button, the basal needie and the
bolus needle being coupled to the needle button.

11. The fluid delivery device of claim 8, wherein the needle includes a third end configured to extend
into the second fluid reservoir.

12. The fluid delivery device of claim 11 further comprising a needle button coupled to the needle.

13. The fiuid delivery device of claim 8 further comprising: a bolus pump chamber inciuding a

hydraulic fluid and couptled between the bolus drive mechanism and the second fluid reservoir,

14. The fluid delivery device of claim 8, wherein the bolus drive mechanism includes a ratchet.
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MULTI-CARTRIDGE FLUID DELIVERY DEVICE

ABSTRACT OF THE DISCLOSURE
A fluid delivery device for administering a first medicament and a second
medicament inciudes a first fiuid reservoir configured to contain the first medicament
and a second fluid reservoir configured to contain the second medicament. The fluid
deiivery device may include one or more basal drive mechanisms to provide a basal
delivery of one or more of the first and second medicaments. The fluid delivery
device may further include one or more bolus drive mechanisms to provide a bolus

delivery of one or more of the first and second medicaments.

Fig. 3



