-1- 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 is hereby
5incorporated by reference herein, In addition, cross-reference is made to U.S. Patent No,
6,939,324 titled FLUID DELIVERY AND MEASUREMENT SYSTEMS AND METHODS; U.S. Patent
Application Publication No. US 2005/0119618 titted HYDRAULICALLY ACTUATED PUMP FOR
LONG DURATION MEDICAMENTI-ARRMRISTRATION; RRHIVER YApBidation No. 10 11/219,944 titled
FLUID DELIVERY AND MEASUREMENT SYSTEMS AND METHODS, the disclosure of each of
which is heRebfSHICaFESEECENCr BT iTe ha il I EWETIDIOF THE DISCLOSURE The present
disclosure relates generally to fluid delivery devices and particularly to fluid delivetrér?;vjces capable of

delivering one or more Thideaknaine s diebrneipiside a4 Sdustalnes) BASRY demvéyhd/or a
bolus delivgpyiofaach-medicansent; BACKGR@ENBI-hckdalivar daviceswaughidsampulatory

infusion pumps, for example, have been developed for delivering liquid medicaments to a patient.

Many such SRS B iR EeiRFe dBvices are able to provide both steady state delivery (“basal
delivery") and 20instarian&ttis:hursisefadpredeiaiiined. Sntatont dlcd 685 ¢ Bpluside ar) as

required. hi | it ICi ' Very [ hich_may be
suppleme%@@%%%@%éggﬂg@w %&%ﬁ@ﬁgﬁﬁ r’ilt %)t;{%%@ef?eg %?g%at}(%%pﬁ%cggo\%vell as
patient cofthditet aridiy 82666 EHIGGIS paledttEabRedinian beadiiirisididd Botia@®ontinuous basal
rate of defiyarysas wellas\iaalus Amovnts SLARE A Meny shehrdrugdelivery dgvices are compact

25and able to be fixed to the user or patient during use and subsequently disposed of when the
treattfentliy/ iHidgditled FLUID DELIVERY AND MEASUREMENT SYSTEMS METHODS,

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

FIELD OF THE DISCLOSURE

The present disclosure relates generally to fluid delivery devices and particularly
to fluid delivery devices capable of delivering one or more medicaments to a patient to provide a

15 sustained, basal delivery and/or a bolus delivery of each medicament.

BACKGROUND

Fluid delivery devices, such as ambuiatory infusion pumps, for example, have
been developed for delivering liquid medicaments to a patient. Many such purps or drug
delivery devices are able to provide both steady state delivery (“basal delivery”) and

20 insiantaneous bursts of a 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 example, insulin for diabetes treatment as well as patient controlied
analgesia for chronic pain treatment may be administered both at a continuous basal rate of
delivery as well as via bolus amotnts of delivery. Many such drug delivery devices are compact

25  and able to be fixed to the user or patient during use and subsequently disposed of when the
treatment is finished.

Many attempts have been made to provide continuous or near confinuous 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

30 devices include a reservoir to contain the liquid medicament and use various mechanical, gas, or
electromechanical pumping or metering technologies to deliver the medicament to the patient

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



Many attempts have been made to provide continuous 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 30devices include a reservoir to
contain the liquid medicament and use various mechanical, gas, or electromechanical pumping or
metering technologies to deliver the medicament tozthe patient via a needle or other catheter inserted
transcutaneously, or through the skin of the patient. - 2 - SUMMARY The present invention
comprises:biéMbARGOre of the features recited in the appended claims or the following features or
combinations thereof: According to one aspect of the disclosure, a fluid delivery device for
S5administering a first r’r@‘tﬂﬁemﬁfrﬁ’ﬁﬂt@%é‘&@ﬁﬂsﬁéﬂiﬁﬁmﬁﬂﬁeiQfﬁ%ffﬁ’gﬂ?%ﬁél%/ﬁ?i&l&gﬁvery device
may functigpdeiagpunisier axbasalcialivienyualthectirsbmedicanessand/or a basal delivery of the
second medicament. Fr%rc}cher, the fluid deli\/1_‘e(r)¥tgwegic«al ma fuBctiiiog fo adrginistefr a bolus delivery of
the first medicament a ocf’r%uﬁ‘oiag%ﬁe?ﬁ?g?yo feg&cona e |1<:arﬁé‘ﬁefmnegtlﬁ€er%ords, any
combinatiedmafibasalgantifsirmbalitsaliveriessof mdahcdithestOfr ptanttde ton dime ditamments is
Contemp'%te?v?-e ay A AROYS Sonfa gxaé'g&% ojchasal grive mechanisms otie fyig.dglivery device
may provide t%er%gsglflae Ivery of the tirst and/or second medicament. For example, one basal drive

mechanisteiiriery pfébideatrs beshtatetivie fusthonlheHévfit setsticivienmonisiioséeond medicament,
or both thefirstand. sesensMericAmRT S MdBRiBRSeS IS e thehasakaive A5 meghanism provides

the basal delivery of only one ofthe first and second medicaments, a second basal drive mechanism

of the fluidPaRIFFEISPH W QABRs Yoo ARG T arbiaraivesny Brdioe Wthve drvariss atsreh of the Similarly,
variges canpfioations ofkelusmdrvaveshkanimms. of the fluid delivery device may provide the bolus
delivery of the first and/or second medicament. For. example, one 2Q bolys.drive mechanism may
provide the bolus deliv WSPO%‘T?%W?PW&%&E%’, RPHREEsS #gﬁ%g%%ﬁﬁ%%;‘%‘? oth the first
and secomthimediddertbatasih daitancestivhiine thé dolesidiivedrectzanisShr pravigdes chetasilis delivery
of only ong .of the first and second.medicaments I i i luid delivery
device mas o B el et o the
present disetbeurenther ol Gelfirstyrdesdemdnagdelngisords oeteere wbedgs rflidieemmunication
with {he figst a0 SECRRMJESERMAIS: crIAINIDe ke Rt andsaeont Redicamants, ks example, a first

needle may be in fluid communication with the reservoir containing the first medicament while a

second néedRAhasHglie mAchapsmRithativg drtivsesdsvist Baneimils the Weebifdirsearddfsent. Such
needles maEb@edicament.

Similarly, various configurations of bolus drive mechanisms of the fiuid delivery

device may provide the bolus delivery of the first and/or second medicament. For example, one

20  bolus drive mechanism may provide the bolus delivery of only the first medicament, only the
second medicament, or both the first and second medicaments. In instances where the bolus
drive mechanism provides the bolus delivery of only one of the first and second medicaments, a
second bolus drive mechanism of the fluid delivery device may provide the bolus delivery of the
other medicament.

25 According to another aspect of the present disclosure, the fluid delivery device
may include one or more needles in fluid commumnication with the first and second reservoirs
containing the first and second medicaments. For example, a first needie may be m fluid
commuication with the reservoir containing the first medicament while a second needle may be
in fluid communication with reservoir containing the second medicament. Such needles may be

30  spaced-apart from each other or positioned on opposite ends of the fluid delivery device to
substantially prevent any mixing of the first and second medicaments during delivery. Further,
one needle may include a delivery arm (for subcutaneous insertion into the patient’s skin) which

is longer than a delivery arm of the other needle. In such a case, one of the first and second



30spaced-apart from each other or positioned on opposite ends of the fluid delivery device to
substantially prevent any mixing of the first and second medicaments during delivery. Further, one
needle may include a delivery arm (for subcutaneous insertion into the patient's skin) which is longer
than a delivery arm of the other needle. In such a case, one of the first and second - 3 - medicaments
will be delivered to a subcutaneous depth greater thian the other one of the first and second
medicaments. Delivering the medicaments to a different depth may also substantially prevent any
mixing of thediirshand sdtbndamenlidamenibciesandingpih gtithandibe thespeatokthttiprdssrndisclosure,

a single negdigy s beRRe Vst wiehisindluheanypyaiatian Wil ?ﬁéﬁ;ag%fgg%%ﬁge first and

second medicaments. Such a needle may be "Y-shaped" and in e arm for fluid
communidEawRAE hisireselrsifesradsing it stediediesnitent and a second uptake arm for fluid

communication with the,resefvaitLaniaiing he.second medicamentskach.pitbe digt and second

uptake arms of the needle may be in fluid communication with a delivery arm of the 10 needle such

that tHe firdCXHESEEHH hR G HERT SR A TR AR EFP PR ithir T2 itearm of the needle
prior to beingdetivaredsnin ihedalient be “v-shildatrativelynadlyig-deliary Spvieemfithe present

disclosure may include an exterior housing, a first reservoir within the housjng configured to.contain
the fret mEtTELHSHL T AT B R VLSRR B HBOSIFE B AGEre P CRRa dre Lond
medicamentnfiheidfibai o ide iverysceviceamaip fur the sinchitecineadie. [Eadngfatirstenddconfigured for

fluid comm) ngzi’:lyo with tpgff' st reservoir %nd second end cgnfi%{ d to.extend exﬁ{]iorly from the
. I8 kL] 1 arm . .
housing. Atgrnatﬁ)/g’}(? the nee en?feiaff inclu el%at%ﬁllrdcgn cor |gul)11?ecf ﬁ)% Uid commaunication with the

secort reswdloifucoibalriingitseasd cormtdroelicaments Mherfiiidvablrrehothevieghmadgahestinclude a
second negfdlechaving f-frsbepd.capfiguiretionfivid.20:communication with the second reservoir and

a second end configured to extend exteriorly from the housing. The first needle may be positioned at a

) : Y ] . .
first end of the housing!WsiféttrE%edoHd drears frsipbel Jasrisirat dtcesuesnyy didudetie housing.

Further, a-gglienoannoh thedistneadiemanbadongecinanledel o3 mofithesacandreedle.
Further illus rative%\é the fluid ' hanism for providing a

ly, delivery device may jnclude a basal drive 25 mec]|
acal el SR TS AR T Ca DRCS e RO A A S ST vie o b
deliviery ofltive dedicondinveni carpdinthédtechativeheedisaeaind bé@salcrivenfigakdritsmivitay provide the
basal deliygry,of ihsisecandumedicament, n qither sase. ihe hasaldiive meehanism mayinclude a coll
spring, a basal drive piston, and a hy raulic fluid reservolr. Bur er, the fluid delivery device may
include atﬁqq;hwmg chiempgyvely, the needie may inclnde a third end configured for fiuid

communication with the second reservoir containing the second medicament. The fiuid delivery
device may further include a second needle having a first end configured for fluid

20 communication with the second reservoir and a second end configured to extend exteriorly from
the housing. The first needie may be positioned at a first end of the housing while the second
needie may be positioned at a second end of the housing. Further, a delivery arm of the first
needle may be longer than a delivery arm of the second needle.

Further illustratively, the fluid delivery device may include a basal drive

25  mechanism for providing a basal delivery of the first medicament. The same basal drive
mechanism may also provide a basal delivery of the second medicament. Alternatively, a
second basal drive mechanism may provide the basal delivery of the second medicament. In
either case, the basal drive mechanism may include a coil spring, a basal drive piston, and a
hydraulic fluid reservoir. Further, the fluid delivery device may include a first pump chamber

30  associated with the first medicament in fluid communication with the hydraulic {luid reservoir
of the first basal drive mechanism via a first flow restrictor. Similarly, a second pump chamber
associated with the second medicament may be in fluid communication with the hydraulic fluid

reservoir of the second basal drive mechanism via a second flow restrictor.



30 associated with the first medicament in fluid communication with the hydraulic fluid reservoir of the
first basal drive mechanism via a first flow restrictor. Similarly, a second pump chamber associated
with the second medicament may be in fluid communication with the hydraulic fluid reservoir of the
second basal drive mechanism via a second flow restrictor. - 4 - Further illustratively, a first
delivery piston of the fluid delivery device may be pgsitioned within the first fluid reservoir to exert a
force on the first medicament within the first fluid reservoir. Similarly, a second delivery piston may be
positioned within the sétuii:fillitsraseslioi fosedeliverfarseovnitie sesbadimedicamentawithin the

second flud sessaQit sl b fivld fﬂﬁ&‘f@&’r&%ﬁ%’{‘é%ﬁ‘@é ?d%&@%'ﬁ?é‘fﬂ& ﬁx&ﬁéﬁﬁxg{i‘(ﬁﬂlﬁm@ﬁﬁ{n for

prOV|d|ng a bolus dellveg of the first medicament. The same bolus drive mechanism may also provide

a bolus deliNEFEITRE - SEBBIY PhadreambiftlMTB HERaRRY P e pesHasE I AR FreeRafigih may

provide the:Qolus delivain shihe.aerond Mmedicamentad i Rithan sasnthadiolis:Aiive mechanism may
includée a ratchet and a bolﬁg@ piston coupled to the ratchet. A pump 10chamber of the fluid delivery

device is associated witthSHE 6 SERYRE r%%?%‘ﬁa?éﬁﬂq}?éIﬁﬁﬁﬂ‘é@ﬁlgfﬂﬁslgﬂﬁsﬁﬁ?ﬁ%wm a bolus fluid
reservoir iprwmmmmummeﬁmm@mmmmbmmmamqﬁmmm@ ghe present
disclosure a ngiethgd1 mlnlsté{ % Jégsgdand secon dlca{:ne ts from kwd delivery device
includes verlng a elivery of ﬁ%ie sefume |granr%e‘ﬁ yanaea%’hvgrlng d'Sécond basal
delivery ombﬁe}@emmam@mdﬂrﬁéntbowredﬁlﬁtmas’aﬂxdebmy maiidsmapploxinhatehseuabodithe second

basal defyene Alsipal iy e s anal el snoay s arealer a0t pecondgsal delvery

rst medicament may include actuating a first chanism and

IIIustratlveI livering the
dellvg}lng%@@éb%@?ﬁ%@%%#%@%ﬂ%‘ﬁﬂdﬁ@é&ﬂﬁﬁhQitﬁéﬁﬁ%t’@@ﬁﬁ%ﬁﬁhﬁlésmechan|sm
Alternativelyslalyesingdhewesandmedicament-avinalifsacialing & saeond fasg! drive

mechanism different from the first basal drive mechanism. The method may further include
delivering BHPEbolus delivery of the first medicament and delivering a second bolus delivery of the
second medlcament Thecirsingatusdgliyasysnay e theaamiRasing sacond boldmaakng

Alternatlv first bolu ellver 5ma ater than the e olus deliver.
IIIustratlv%‘ ? enn;gl %f': nglél?\ll}/ef?y dn%g?/wer S 58 ﬂr% (??I ?Iﬁo"‘fus}l rl\%/easr%iechanlsm and
deliviri ngdﬁsf@e@!ﬁrﬁh{ekﬁhﬂm@imama}dlddhwdmgcaumm ﬁwaﬂl sillvetustitiveammadhanism.

Altemativﬁié’di@%ﬁ\éﬁ{i %%&%gﬁdd@l%a,%@/ &Qéﬁggéﬂgx%égﬁequal to the second basal delivery.

Alternatively, the first basal delivery may be greater than the second basal delivery,

THustratively, delivering the first medicament may include actuating a first basal
drive mechanism and delivering the second medicament may similarly include actuating the first

20 basal drive mechanism. Altemnatively, delivering the second medicament may include actuating
a second basal drive mechanism different from the first basal drive mechanism.

The method may further include delivering a first boius 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 delivery. Aliernatively, the first bolus delivery

25  may be greater than the second bolus delivery.

Tlustratively, delivering the first bolus delivery may include actuating a first
bolus drive mechanism and delivering the second bolus delivery may include actuating the first
bolus drive mechanism. Alternatively, delivering the second bolus delivery may mclude
actuating a second bolus drive mechanism different from the first bolus drive mechanism.

30 According to siill another aspect of the present disclosure, another method of
administering first and second medicaments from a fluid delivery device includes (i) forcing
hydraulic fluid from a hydraulic fluid reservoir into a first pump chamber to exert a force ona
first movable barmer, (ii) forcing hydraniic fluid from the hydraulic fluid reservoir into a second

pump chamber to exert a force on a second movable barrier, (i1} exerting a force on a first



actuating a second bolus drive mechanism different from the first bolus drive mechanism. 30According
to still another aspect of the present disclosure, another method of administering first and second
medicaments from a fluid delivery device includes (i) forcing hydraulic fluid from a hydraulic fluid
reservoir into a first pump chamber to exert a force on a first movable barrier, (i) forcing hydraulic fluid
from the hydraulic fluid reservoir into a second punyp-chamber to exert a force on a second movable
barrier, (iii) exerting a force on afirst - 5 - piston to expel at least a portion of the first medicament
through apistpertucepef thieditst fordoresEivofiysanatdisdneste timopghferce ontuee oé donitk pison to expel at

least a po;gg%gvgfgqgﬁj@&%gﬁgﬁgs%@59% gggt&p?Jtaysepgmﬁs%%%%ﬁt&ﬁltﬁs§9539&r-

lllustratively, _orcfng from th aulic fluid reservoir may 5include applying a spring
force to apistoAnvithibrevehtirasiierf viotke sesveiriEd e #ie hydraulic fluid from the hydraulic fluid

reservoir may further ingludeforcing sl awie. fuidfranm dhechydramlie:fuid reservainhiaugh a flow

restrictor and into the first and second pump chambers. The fluid delivery devices described herein
may Be udeludr denbery a g Torsarie s st eragEip HariyscattcErdgesis oind e dhents, and
other compeipants tusefshiorisaning diseasesendidisensersiateshlac-ooapmbatimentidide delivery

devices d scritﬁ%d herein inclyde or are configured or adapted to include pre-selected medicaments in
the correspyAd J‘Yé??élﬂ%ﬂ"éﬁl ﬁeﬁ)%‘)gsﬁgéoétgﬁ% F‘éfggfé%%ercﬁééﬁ% ﬁg‘ﬁélrﬁ% r%esﬁasc"en t8'tteat diabetes
and/or diatetid-eenditions. In another aspect, the pre-selected medicaments are used to treat bacterial

infections 15 andlor otfier dliseases assasiated with-Raiegenis sell pondlatians, Inanother aspect
the preselected medicaments are used to treat diseases assocfated with neurotransmitter dysfunction,
including bainpefidites thatisecswisahercare wekbrdicawrnisiopd i eptareresipelmdy that function

as dopamine-agonists.andiar dapamine antagoniHSdiment, the deliterfROME-ARE-0HEH fRALres of the

present disclosure will become apparent from 20the following description and the attached drawings

BRIEF DESERIPTRONOELHIE D RBNANE St detsiie de serhitRep it ha riesraniiBine
accompamyingdigurasdrewiieh; Filkase-dchbiaiensehematic s showingehalicassgaldiug tetivery
devices of thg, present dis%losure thch rovide q baaal delivery of bgth firs% gng second medicaments
and conditions. In another aspect, the pre-selected medicaments are used to {reat bacieriai miections
15 and/or other diseases associated with pathogenic cell populations. In another aspect, the pre-
selected medicaments are used to treat diseases associaied with neurotransmitter dysfunction,
inchading but not Hmited to diseases that are treatable with dopamine and/or compounds that
function as dopamine agonists and/or dopamine antagonists.
The above and other features of the present disclosure will become apparent from

20 the following description and the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The detailed description particularly refers to the accompanying figures in which:

FIGS. 1-5b are schematics showing dual-cartridge drug delivery devices of the
present disclosure which provide a basal delivery of both first and second medicaments and

25  which provide a bolus delivery of both first and second medicaments;

FIGS. 6-7 are schematics showing additional drug deiivery devices of the present
disciosure which provide a basal delivery of the first medicament only and a bolus delivery of
the first and second medicaments;

FIGS. 8-9 are schematies further showing additional drug delivery devices of the

30  present disclosure which provide a basal delivery of the first and second medicaments while

providing a bolus delivery of only the second medicament;



25which provide a bolus delivery of both first and second medicaments; FIGS. 6-7 are
schematics showing additional drug delivery devices of the present disclosure which provide a basal
delivery of the first medicament only and a bolus delivery of the first and second medicaments;

FIGS. 8-9 are schematics further showing additional drug delivery devices of the 30present disclosure
which provide a basal delivery of the first and secand medicaments while providing a bolus delivery of
only the second medicament; -6 - FIGS. 10-11 are schematics showing further drug delivery
devices of the present #isiosine whicthpnoviceshdvasglidetivaiy pfithe divst and sethadmesedicaments

while providing no balus delivery for either. of the first or secon i ek -13 are
schematic(lgsg gdsv‘i‘f.%&’?él fgﬁgecﬁfgas%e |\?Ievr€§/r}a(e}\€/lt{ég%é%§{ %ﬁ% fﬁ?élg]e%% %g%%{u?re W%?&O]{g(rlgn\%de a bolus
delivery ofithevfirsticing oo rdhmediduriiess wiitedoreidisesnie; basal delivery for either of the first or

second medicaments; pigs 17 TG, 4iRA SRR ALANRATFRUGdRIenedeuics ghthe presen

disclosure which provides a bolus delivery of only the first medicament and a basal delivery of only the

second m iFploswe gy de pémlatidbv et ef Grugrdendasrord eedisrmen5radtat disclosure

which proyidesiabaleanika:basabileicheesenokassosiaied wilio-gachtaf the first and second
medicaments and an alternative basal drive mechanism %olupled to the %I[%%gective g_asal fluid

reservoirs: FIG. 16 is atscheS At et Micadmners et ormd fieBERrHigsiete 15similar to
the devicexghavedidtG. shhuanelpeovising a singie: atteliative: basaldeieisieehyariisnhyaihe balloon-like
basal fluid rggﬁé\é?é&.fgaglprn(%yiding a basal delivery of each of the first and second medicaments;

FIG. 17 i3 sehématic of another drug delivery device of the present disclosure similar to the device
showf in FIG. 1 whereE@dlviry pistontassboiatbet with dedorenfdtadiret Reantstcaiwbamesdicaments

of FIG. 1 @ﬁ%ﬁ%%@& W BJEHRIG N TG Teservoir associated with each of the first and second
medicaments and an alternative basal drive mechanism coupled to the respective basal fluid
reservoirs;

FIG. 16 is a schematic of another drug delivery device of the present disclosure

15  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 cach of the first and
second medicaments;

FIG. 17 is a schematic of another drug delivery device of the present disclosure
similar to the device shown in FIG. 1 where a delivery piston associated with each of the first

20  and second medicaments of FIG. 1 is substituted with a flexible member;

FIG. 18 is a schematic of a needie 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 subcutaneous depth within the patient; and

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

25  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 devices 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 z sustained steady state or basal
30  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 drog delivery devices 10,
110, 210, 310, 410, and 450 is able to provide both a basal delivery of a second medicament 22



FIG. 18 is a 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 subcutaneous depth within the patient; and FIG. 19 is a schematic of a generally "Y-shaped"
needle for fluid communication 25with 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 devices 10, 110, 210, 310, 410, and 450 are provided. Each of these drug delivery
devices 10nd Eho2i0j<3i16; AdlhandAbGdsdiapabhle2df ddivering afindtichedibaiodnt 2fiatboth a
sustained @{[ggdﬁ){ state or Qasayj 30d Iive(i}/% Co}{?én%i?qﬁ as well as an instantaneous amount of the first

medicament 20 prov?até a Short term lbsu Satile or bolus delivery or infusion. Further, each of the drug

delivery devices 10, 11B,SEQ@sﬁ@mpmi,amﬁdlﬁ@sfhbﬂedﬁéimﬂd‘eimﬁﬁa:ﬁh@hhdeiwmof a second
medicameqtigde 5 @l A RRMS ﬂ%&ﬁgy@&tg}%&ﬁ?p@ﬂe@%ﬁ%@I%H&\gg T PRIGaps by which each

device delivers the first and second medicaments i$s discussed below. It should be appreciated

that the fluRFEERFercEsIRE FOscHBRE VB Hsi sush arrsinge Husaterly BrbpeinbudingHee shown).

The struchuRSSHAWAINGE KaSatdrd dh 2thBISTRr 8 13EE GeRBLalvRRARINGHIb ik SiahanbRYSING.
lllustratively, the housing may include various buttons gr actuators engagable by a user or patient

which actifats M PSS A G bnoh ndeishidhis Gudsspb Reln dEathelo ke tredisised in
greater detajlBaalovacthtuibéslies32e34ccheaah:fBidsleliventsgiice Bl omein FikS, wk-17 are movable

between a first, unactivated configuratio )'g ot shawn) whereby the entirety of the needle is either
pesiadl vt R Skas Rl e
secortt adtivatsed bonfig ratior. Withheagestardahbtivatesf tenfigerationnsown sechiG 8:114EY, the needle

s lowered. syghfiatong, Rrion.of e nesdlsis i flid communiesion Wi @Jgseial containing one

of the first and second medicaments 20, 22 and a second portion of the needle is positioned outside of

the outer HtRHbSBF ittt HorstbbaRRTeELS IndbIgSHBRIGEEB ATt SfsExatple. Illustratively,

the needledsispifigsned faaanerlly-shnuliaReousinsention into, aneof fedlkidraseraits{or the
stopper assocjated with each reservoir) and the patient. In other words, movement of the needle from

the un-acHOSRAFOEMTATELITE SR ARMT RSHTEH Il e PARG SHTIHE MG PRAEHEHrst end of
the néedIgoinse-fiupit combraticationewihilbes assagiataddiuieneseywituithieopiaaiagithasecond end of
the needig joig: e RATSNt S0R00IR R to FIG T e frug delierny devig 19 Inglydgs a first dug
other words, movement of the needle from the un-activated position to the activated position
will generally simultancously place the first end of the needle into fluid communication with the
asgociated fluid reservoir while placing the second end of the needle into the patient.
20 Looking now to FIG. 1, the drug delivery device 10 mcludes a first drug reservoir
or cartridge 12 and a second drug reservoir or cartridge 14. As such, the drug delivery device 10
(as well as other drug delivery devices described herein) may be considered a dual-cariridge
device. Illustratively, the first medicament 20 is contained within the first reservoir 12 while the
second medicament 22 is contained within the second reservoir 14. A first septum or stopper 24
25 1is received in part within the inner chamber of the first reservoir 12 such that a portion of the
first stopper 24 protrudes 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, a
second stopper 28 is received in part within the inner chamber of the second reservoir 14 such
that a portion of the second stopper 28 protrudes from the proximal end 25 of the second
30 reservoir 14. The second stopper 28 similarly includes the hollow chamber 26 in fluid
communication with the second reservoir 14. Hustratively, the first and second stoppers 24, 28

may each be made from rubber. It 1s within the scope of this disclosure, however, for the first

and second stoppers 24, 28 to be made from other suitable materials as well.



or cartridge 12 and a second drug reservoir or cartridge 14. As such, the drug delivery device 10 (as
well as other drug delivery devices described herein) may be considered a dual-cartridge device.
lllustratively, the first medicament 20 is contained within the first reservoir 12 while the second
medicament 22 is contained within the second reservoir 14. A first septum or stopper 24 25 is
received in part within the inner chamber of the firstgeservoir 12 such that a portion of the first stopper
24 protrudes from a proximal end 25 of the first reservoir 12. The first stopper 24 includes a hollow
chamber 26 in fluid conkimipichsisnnditetiesfitst ¥é oé thoiiri2 dSinvtardyy rsttondh stomoer 2Bsis

received inpait wilhin e inoer sharmer.of e Serandy Bsenole 1A SURILINA RN of e second

stopper 28 protrudes from the proximal end 25 of the second 30reservoir 14. The second stopper 28

similarly inttidddhmerrstoredHampepEeh fiorres Ahniihfeanertinringia b 8ivd rlisarobanmbgr
lllustratively, dpefirskapetsecord $IRRREIS A 2H A% aRGE-08 Tade;frpm.subpgy: It is within the

scope_of this disclosure, however, for the first and second stoppers 24, 28 to be made from other

suitable miEHAESRUsRiprtiog into a patiqef i gilgrdadsuch duuiey a3t 4B s dran ettivérydevice 10
each includeta fissleendBGent - dsecondend storbadmtent $60¢ gashnecdisse “Biiskeceived
through an outer wall, of the respective first and second stoppers 24, 28 for positioning within the
hollow ch&hT e%raégagp é‘g%iﬁ%?gp% Ffﬁl,dfé.“f KE® ec%%nag%é%ﬁﬁgﬁ%aﬁge |§=’l§'§hﬁ{ s provided for
5subcutaneoasiivgertidnl inteaahpatientin ordesto delivedthefirstandisagorid mediehmentis20, 22 to
the patieng,ll atively, the fir d,second nee are sho ) define, a "7-shape" such that
each neeé I{}e’ %QZS{%A%% ﬁ%lu%%%lgﬁ%%?éﬁ% g?rﬁg% an%%algeﬁ%ge#@lg%nﬁg%pﬁéi% pa{?glgeéﬁgregﬁ? g%rallel to
eachl Bthetoatiguwtrangvaseasrasay anridletintheneshpiake Fraé iverydanstiuoansidgether. Each
arm 40, 42,44 gheash nRedia 3¢ 3dis GarmEtestn, RO Ve gRNesYbLAacontinupus J-shaped

passageway to allow the respective first and second medicaments 20, 22 to travel from the first end 36

of each needle 32, 34 OFROEBIBAT R 38 B 4h Hreridiach peedie 32, 34 haye difiatwnt iaoelts. 1, the

arms 40,4Ripheaeh heesipedd B4 fiavesdiferentiengthmclhis witdiastbe saapeint thisdisciosure,
however,ﬁg include needles 32, 34 heﬂv.irll?%arm 40, 42, 44 of var;g’}r%glor same lengths. It is also within
the scope of this diSe1S5 iR fo et e OB TE 5dis EEEG A WA SHE SRE BRI T e H8Bdle is

posiﬁ@nemmd&lﬁesi@bevpm%ﬁmaed@iﬁm teedholtowsitharadber 2@@0& ba @@iﬁhﬂeﬁt@ﬁ_}hﬁfﬂx%,% anq
where the,oifer andalioe fesdle s abie 0.e suheiianaauslyseried/nia e Ratiant. Fter. it i

within the scope Isclosure to include o érin usion devices elivering the medicaments 20,
22 from tHeiptespartins iesesveit ks natipnthBystnerit. iFeitbitthrpieors kitiendswdoaureiedle set, a

catheter-Gannpla, aeh B8, 80H/RN A M igrangsdim Onmicionesdle oty AHBENREiIPX GReQE more lumens

may be used in place of the needles 32, 34. Further each of the fluid reservoirs 12, 14 may include an

aperture HFRSTIRA SVHicH tHethA AT SN BID il HIRCB 48 eResHSerh A adisEednewses ordinary
skill:i(}dth%ﬁﬂdﬂl X Hlrapsesiate dhalicRapydemesss f&@ﬁiﬁ%yﬁﬁg(;@rﬁ&@f f W@Méﬁ@ﬁi@?ﬁlﬁi&@id iﬁlt91ac@od>r/].
Accordingly,.the present disclosyre is not limited.to the types of infusign or jinjection devices 25shown
orein. Y A gl 1 TR oed JH ARSUE AT BEal orve
mechanisiaigwhitbhphevidds anbasal ¢ Slveithof shehfitsthedicamesiicD tonthef patienty d/ii first basal
drive me ' [ [ ' C t drive piston 50. The basal drive
piston 50qgs%é%s§{ﬁi§r%§%y?ﬁ?e§§t§é% lé%%ﬂnr%ﬁ%g %ﬁéggﬁﬁ%,ﬁ%@%% “Fhe' Sa{gf'ﬁ §8" Hve piston 50 is
movable retagiiengthdsatiscnr diselfuite tesetVoiBa Infpunmrehbimbesgrgnjection devices

25 shown herein.

Looking agam to FIG. 1, the drug delivery device 10 includes a first basal drive
mechanism 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 fluid reservoir 52. The basal

30 drive piston 50 is movable relative to the walls of the fluid reservoir 52. A pump chamber 54 is
in fluid communication with the basal fluid reservoir 52 through a connective passageway or
flow restrictor 56. The spring 48 exerts a generally constant force onto the basal drive piston 50

to assert pressure on the hydraulic finid within the basal fluid chamber 52.



in fluid communication with the basal fluid reservoir 52 through a connective passageway or flow
restrictor 56. The spring 48 exerts a generally constant force onto the basal drive piston 50 to assert
pressure on the hydraulic fluid within the basal fluid chamber 52. - 9 - 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 betweendghe first medicament 20 contained within the first
drug reservoir 12 and the hydraulic fluid contained within the pump chamber 56. lllustratively, the
hydraulic fluid contained dvithinchéeBprmp ha Ao tbddand dtie baskivid tespevties2 isigumoil (not

fiv.a.slaane.oll [ eramle. HONeuSl, esec RApRRLS M Beried pdth ofher

shown), %gartié:uéﬁrl .
non-compresuéﬂfe uids as well such as those tisc U.S. Patent Application Publication US

2005/01 1981 81ahieagtisni Gurensinghivhitisntibe byt iimarsorated by vutdrehrermdieith operation, the
coil spring 4%, 0fthe fitst hasakdrive.mechanism A8 alowlv.Llesxpandsilnaxpiadianan ie basal drive

piston 50 thereby exerting a force on the hydraulic fluid within the basal fluid reservoir 52 and the
pump chatbecBambc andithe dasd fRiduiparedstn ds i @Rt PR CHAABEH8E (FgHEME delivery
piston 58 40 the sightRs viewsd:inihe exigniation9fik|Qicl)witchenavemanbebifitepision50 causes
a quantity of the first medicament 20 wijthin the reservoir 12 1o be fo eedle 32 and
delivered‘?8%%3%5%@?@%%@@5%‘%&%0? &5eh PBASHI G b%?@%ﬁ%ﬁg%(g@gm%%@%é%ﬁl greater detail
within U.SQidatent Applitatiehdoibhlicatipniied UHr2005011:9618. The drug delivery device 10
further includes a secand basal drive mechanism 60.which provides a basal deli he second
medicament 22 to thqula?%eﬁ?’e 'é‘l’hsee(g)é?\?%ré%a ril%/}ée%ré% gsr%%n“g E%h%hgﬁr#\ée%\%{f similar to the
first Basakepamine chanishad 6n Als bash 20k reféfoheshumentals hivebueliubEdawigenote like

componepts, o GXAMBIe hg:secandhasal riye isBL60nshidles the-all sprig 48 secured

to the basal drive piston 50. The basal fluid reservoir 52 of the second basal system is in fluid

communiBEREH ewiRsUBT Reamber Bhuses bh diE earEenve S Ey Bietish Fe8ictor 56.

Similarly, Shentiighy 68e1v0IN5 2 RHMBVEsaIVEITRApiaid Sovwanesiduembsyagsneiatad with the second
medicament 25are each filled with an qil such as_a siliconﬁé‘il for eéﬁrggl%.é:#rther, he second basal
I"dr

drive mecREHRHBH SHEHRERAESNT 44 B M aTses Hoome e Pseds FHRESSHE 46 to force
the secongerditamani2froMwithibihe deeonddasenoir dd tsealghtheadedit 84t fito a

patient. %agé%(g{%dagg&{%&&g fé‘ﬁ%&e['}‘éejé!ogf‘?‘i‘?&e%& incluc!es two separate ba;al 30drive
mechanisms 46, 0 providé a basal delivery of each of the first and second medicaments
The drug delivery device 10 further includes a second basal drive mechanism 60
which provides a basal delivery of the second medicament 22 io the patient. The second basal
drive mechanism 60 is the same as or similar to the first basal drive mechanism 46. As such,

20 like reference numerals have been used to denote like components. For example, the second
basal drive mechanisin 60 includes the coil spring 48 secured to the basal drive piston 50. The
basal fluid 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
reservoir 52, pump reservoir 54, and flow restrictor 56 associated with the second medicament

25  are each filled with an oil such as a silicone oil, for example. Further, the second basal drive
mechanism 60 operates the same as or similarly to the first basal drive mechanism 46 to force
the second medicament 22 from within the second reservoir 14 through the needle 34 and into a
patient.

As discussed above, the fluid delivery device 10 includes two separate basal

3¢ 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 to actuate both of the
first and second drive mechanisms 46, 60 af one time. Of course, separate actuators may be

used to independently actuate each of the drive mechanisms 46, 60 as well. Ilustratively, such



20, 22. In operation, a single button or actuator may be activated by a user to actuate both of the first
and second drive mechanisms 46, 60 at one time. Of course, separate actuators may be used to
independently actuate each of the drive mechanisms 46, 60 as well. lllustratively, such - 10 - button(s)
or actuator(s) may be located on or within the outer housing (not shown) of the fluid delivery device 10
to be activated by a user or patient. Looking &till to FIG. 1, a single bolus drive mechanism 62
is used to provide a bolus delivery of each of the first and second medicaments 20, 22. The bolus drive
mechanisBBR )it hstisox Throhich s datadng artotthetheank®banthapavshé8engayeduwith the teeth

of the toothegl Lack L6, TilgJeethed frak 58 ﬁe‘f%’r‘BLﬁ%ﬁ? a dual-head piston assembly 70 including

first and second arms 72, 74 spacedmlfrt from each other by a transverse arm 76 coupled to both the
first and second arms 7ZoFa g istaEelyl . thenslthelyydok oBwshessTateHered i soupiisd to the

transverse,gri #fivA-PofisdirbeRistan A8 Jsepypleddmaasivefl the firstiand 48 second.amms 72, 74

of the dual-head piston assembly 70. Each of the pistons 78 is positioned within an interior chamber of
B *

one of'a p&ir'BF BOTIE HURA Y ESERFAIS BOCorRENTSI FatR VB PS8 Hietfith Gidihe

communicatiordibktbeir TRspethiserpinap chambetshddual-head fisaperation;aioiee applied to the
toothed ragk 66 3de\é%?18ea%£heﬁj%hhga% Qist %asserrlllbll-ﬁgobto f?rce fluid fron? each bolus fluid
reservoir 8D nto the Tespective’ purip cHAmBer TE5710 THSTE Y PRSP at g8 IR SR BISToN 58 thereby

causing bbhibk delfisryof wothdhedir$e Al sheond vaibdibametitsi 20;2a fe6hethedespeédtive first and

dd i t d h t k 66 h
second 5o LA Ao OGN By b S (s gaed ek o sue

that when a user depresses t us actuator the toot

pre-déterrfiffay distaree’ pncivatiiyeast vistenisstas bletidtdtashed tharisitss 28 ipleditonké pawl 68
such that when auserHeeRisssesdhebe BebaaIOn NP Ne. BRWE 6818 ANAngGed 8-y

predetermined distance and forces the toothed rack 66 to advance the same predetermined distance

as well. WItFFSIRAR 81 S herarekebru sk iiiseHErmsAT A BR (heabts rdtract the pawl 68

relative to the toothed radp&6iionan factivaisibpesitionosuai st trapant &3panbaadyaased again to
ither e. ?.W| 68,0% he ratchet 64 prevents the toothed rack

provide anothey b livery. In.e se, t

56 from MU Be ATt S TR BRER NTAFRee SR i HRISHES BF IR PRRERE: o4
prevehts theteootivedheackpgetivorrimoviiphaskhaet due o @byl deaseddibict ptessuteasdused by
fluid movi [ VRI into.t Q{r‘}bers 54 for example. As
describedglgkgxc{)f\é}regl %Egc%ﬁ%ﬂggﬁ\’%?? é%%/%?leé |Cné?: u%glgsf\?\%@gg%grate uﬁ%g?ggé%/e%))%fsrﬂﬁ?\liﬁo%ntaining

two differéfPAtediedmients bo comipdiaihe hosteativelt Gepdrite 3haeedkes 32ragcatbroited to
deliver eaghmedicament28o22d Q- analignliFaweveh-llisithinithe:seaprebiiis dissiggtre to

include a single needle for delivering each of the first and second medicaments 20, 22. Such

embodim8mEUrEcHiEen SeBan mgr e titaiionsfong ! 68 such HikineAcwss frsesseatheipislivery
devige 118isasintlatde thefivitdadal wansdericetl-dessrbiesabovand sossighnthesamearafesence

numeralstg %ggaggg ﬁlé’l ?ﬁgetgrgfeﬁ'gé%ﬁﬁﬁ distance as well. With such an arrangement, a secondary
mechanism may be used to retract the paw! 68 relative to the toothed rack 66 to an activated
position such that the pawl 68 may be advanced again to provide another bolus delivery. In
either case, the pawl 68 of the ratchet 64 prevenis the toothed rack 66 from moving backward
25 after having been advanced. Further, the pawl 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 pump chambers 54, for example.
As described above, the fluid delivery device 10 includes two separate fluid
reservoirs 12, 14 containing two different medicaments 20, 22 therein. [llustratively, separate
30 needies 32, 34 are provided to deliver each medicament 20, 22 to a patient. However, it is
within the scope of this disciosure fo include a single needle for delivering each of the first and
second medicaments 20, 22. Such embodiments are discussed in greater detail below.,
Lookimg now to FIG. 2, a fluid delivery device 110 is similar to the fluid delivery

device 10 described above. As such, the same reference numerals have been used to denote the



same or similar components. The fluid delivery device 110 includes a first bolus piston 178 positioned
within a first bolus reservoir 180. The bolus piston 178 is larger than the bolus piston 78. Specifically,
the first bolus piston 178 has a diameter D1 that is greater than the diameter D2 of the second bolus
piston 78. As such, the bolus piston 178 has a greater surface area than 5the second bolus piston 78.
The disparity in size between the first and second.hglus pistons 78, 178 produces a different bolus
delivery (e.g. quantity or amount of medicament being delivered) of each of the first and second
medicamenis6), Zzhikrespposente oy @ie @i dheddviat Neadpistizs adse by #FRtdin other words, the

concerted movement.of the.pistons 78, 178 rates.to. 10 displ .a.different am t of fluid from
the respediti BaS u & BT oy rseor T LHCDANS pieh T Starect in ERolls Dol et
and secontfregenibimit ¢ £ Thishcapises & Greatedpressure itthheexentediom the Pistor58

associateghwith e Jesaryoir e sslabye 1Q 1he PReSSMR (?%?&9%%‘9’&%&%%&&%9%&@@5 in turn

causes a larger bolus delivery of the first medicament 2 be delivered relative to the bolus delivery

of thesec8ifderetibatmentsyn 785 Threfshorey ah sheletasalin Ve mrhicetrddduanisead Piston
assembly 7 Qfthe:-bolus glive mechanisi o2 will Galsea greatebamlinioidha ficstmedicament 20

to be delivered to the patient than the second medica.ment 22. In many instances, for example,
it may be PrERSPMI & o ERRAS SRR BRSO P Rir SErREERERE P m%%%%%%@eﬁﬁ%}d‘ﬁﬁ%f a second

medicamesitioviakgbagbihgsize of the bolus 20drive piston, therefore, allows the ratio of the two
medicaments delivere%int bolusdde ivery to be varied. In oiﬂ'ﬁzr w rds,7;gt iﬁéﬁlithin the scope of this
disclosure to vary the sizé ?ﬁﬁvgrb&useﬁls%geﬁge%ﬁﬁ‘éeﬁllﬁg 8ef|vee?§‘f’ J8Vicks {elRFB&a Kerein in order to
achiéve adymesiredifiolers gabveryf dtial fetwelsrrthetive ieldicamentssiding delivered tte a patient. As
is discussgd. in greate il.below: jze-f r iat ith. the. fluid delivery
device (eglqdéh%é&g%é%ﬂ%%%%%%ﬁ%%%% ﬁc.eqr%%%aaégogggyﬁ%%dﬁ? hﬁ %?(?’e?%bzgﬁgﬁé S'gtsalfél!'ver the first
medicameneaerEtREret barexaited thelsaueng Madieamien vy tinraay of Hestadintnidions may be

configured,inQrdetda-nredusg adesitedralio hehwgenthebasal Q@%%Mﬁ@h%ﬁwﬁ@ﬁmd second

medicaments, Lookininow to FIG. 3, another fluid delivery device 210 is provided. Again, the 30 fluid

delivery dBVEERSEImbartd waticaet s Pibchodertdty ap i QP kiEd8rbierce numerals
have beerruseaiq senreiedikegompenentss Haeithiddebienn desdesiz 70 sTehedesua dirstbolus drive

mechanism 280 and.a second bolus drive mechanism 282. Each of the first,and second bolus drive
echan T DTS5 T e & PR BT Rb O Sk TR S SRR S g0d with the
teeth of thexteothed tacke66Eactdoius: ddve mechanism 280, 282 further includes a piston 78
coupled to one end of rac iti ithi inper. ¢k spective
bolus fluid reservoirs 8%?%%%3%%?$ﬁ§b%ﬁ%%%ﬁ%/%?g%lggﬁgﬁ?%%}(%‘ﬁ&ﬁ@gﬁ?ﬁl{g{;@éﬁoﬁerated
independé&nthyisyisaperavatbel secori ergeeheli sareZBOeRaNEH;: opstatipiethigctsdlths el
mecﬂ@nis&‘ﬁgggio%,s%é’f@%egkﬁf&mrﬁe bgiabatedio medicaments delivered in a bolus delivery to

be varied. In other words, it is within the scope of this disclosure to vary the size of the bolus
pistons of the fiuid delivery devices described heretn in order tc achieve any desired bolus
delivery ratio between the two medicaments being delivered to a patient.
As 1s discussed in greater detail below, the size of other components associated
25 with the fluid delivery device (e.g., drive pistons, flow restrictors, etc.) 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 to produce 2 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
30 flud delivery device 210 is similar to devices 10, 110 described above. As such, like reference
numerals have been used to denote hike components. The fluid delivery device 210 includes a
first bolus drive mechanism 280 and a second bolus drive mechanism 282. Bach of the first and
second bolus drive mechanisms 280, 282 includes a ratchet 64 having a toothed rack 66 and a

paw! 68 engaged with the teeth of the toothed rack 66. Each bolus drive mechanism 280, 282



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 a 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 10first 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 also be actuated by a single
actuator (nétBHOWe dvhichioalie wopibidn cacanhodtibie tavike dacadicah8 (@t dhecs ankitime.

Looking newhdp s S 0uiddelhvensdevien ABs 1aYdad. The Ve dadexiGe, R0 s similar to

the delivery devices 10, 110, and 210 described above. As such, like reference numera < have been
used to deTiSiEiRECBI TN iss PRE HiaidufenreRpibiive rop bluide drivsimgibdniesad e
mechanismg346 having the coiled spring 48 and the basal drive piston 50. A basal fluid reservoir 352 is
in fluid communication with both the reg};ecti\/e pump chambers 54 associated with each of the first

and s%cond drug reservBiPR 31004 R holsiats e omisPRoR resHittey. S5850 o kiR etween the
fluid reserusieizndeatig thespatan chimrrcadhagspeioteskwiththediestresammale 1ih &agond flow

restrictor 358 s _positi etween the fluid reseryoir 352 and the pump chamber 54 associated with
the secon%??g}s%g\%? ?%.fl usﬁ%%%ﬁ@%,at s ﬁ)ovvl\ﬁ%e(} i%%gf' é‘YSrgé’ i?i‘é%%%‘iﬁ?p@ﬁ‘gﬁ?ﬂi‘é}#fhe second
flow restriefbZ358thois withidirthe solopdadivthisaditel odurenbdivasvear, 16, provide e sipitar fluid delivery
device 25wherein the,flow restrigior ' ith the seeond medicament is positioned upstream
from_the flow rest.rgi%;te%r associat?eﬁg’vﬁ?@%ﬁ%ﬁn\%g%ﬁ%%nn??ﬁtpg{r}‘éiﬁgsrr?ﬁg\?ﬁy&\?\%fg%#n%nf Sow
restridtorstife s Hsrmst ditwidlcr waion of Gmeconsrogsipo sitomoisio 88 providgse flowsestrictor

associatedeith-eachngf thestisshand assaes basal diive mechalisBs/oakbealisied as desired.
30The single t%%% | drive mechanism 346 of the fluid delivery device 310 drives the basal delivery for

both the fiSDZHE SEEHEHEY EFRet e Sio P hilovap R trtire RbanpeesrdiiE Me346 to permit
the coil spriodyediS-ickadgancethehasaldrive piston 50 will cause both of the driven pistons 58 to

advance as well. lllustratively, the size (includi igmeter, or width, and length) of each of the flow
restrictors 356, 358, thg"ﬁé‘ﬁ% nc%‘%%rﬁzb%é gﬂﬁﬁ@’g@gﬁé@%’ TANE %15.}3‘3-1’{%1 g estETE 12, 14 are
shov?gﬁ to bevige Réfeilipithésamtee Adisuchidheasale, 0 hasal 2ilivenriotdhadirst Apdusacing
medicameliisle 28 ATREIANLAR LS SANG hSITIIAL e Rl Jshould Be appreqiged that
varying one or more of the dimensions of one or more oP%he a oremer?tlloned clgmponen S associated
with eithetAedhtasiasle osa driym prebiain Atidhaide e npide\ipanghitiand tepabibdofdelivering the
first medigaiaan2haaaalisliasardntsensalawhile i areand MBAEANGDLRE(5, e

ed ata
second basal delivery rate different from the first basal delivery rate. In such a scenari ,Mt%%se differing

basal delE P ASPIAGHEE IS s 4165t andiFfgRp 4588 srice pe dianfsrillustratively, a

20 first flow restrictor 356 is positioned between the fluid reservoir 352 and the pump chamber 54
associated with the first reservoir 12. A second flow restrictor 358 is positioned between the
fluid 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 similar fluid delivery device

25 wherein the flow restrictor associated with the second medicament is positioned upstream from
the flow restrictor associated with the first medicament or alternatively where the two flow
restrictors are in parallel with each other. In other words, the position or location of the flow
restrictor associated with each of the first and second basal drive mechanisms may be altered as
desired.

30 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, actuation 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



According to another aspect of the present disclosure, a fluid delivery device (not 10shown) 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 a fluid
delivery device may include a basal fluid reservoir in communication with a single pump chamber via 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 15arm of the Y-shaped piston may be received
within the fhid-eserseitit?] 1.4 cordalping ihbd especlyerneicamenishy theddte of basal As such, the

drive mec ism operates to expel hydraulic flui (;)h silico il, for example, from the basal
i o T S B B T S B T et e
Y-shaped Pistemeil iisHorde o anirecYaist dipe d iste i canses dhinpiStoemiomtherfaine expek thd first and

second MeHGATENSs 20, 210, VBRSO, 36,1, 8460 A s e systen, gl bolus

drive mechar_nsm may also ac_t ate bolus elivery of eac he first and seco d medlt_:aments.
Furthér, pidtbrieayieey ivavitieraigitterdin ol zsibieditieemiiviosedisantion a0 b Adee bresa delawve to one

another prayidestofa dilisenbirsalaelyarand scifferentholus: delivany, bebuaendie:wo

medicaments 20, 22. 25lllustratively, the fluid delivery device 310 shown in FIG. 4 includes the single
bolus drivéfBEhariaASY Sinintr 1B ST SHETRTA-Eiess i TareD 16 SIUHEh Ertse 1§ B of both
the first angigesene-pedisaimants 28 @ankiaweyear, a fluid delivery device, such as the fluid delivery
device 410 shown in FIG. 5a, may be provided which includes the single h S%,i.drive mechanism 346
o i Pl 4 Sebt AR RIS R IS 580 DROCaI 1 0tIses U rIG, 3.
Furthiér, adheielrdelivény delicBudbicishowdeincE (G0 5l Fiisimilay torthe fuid idétivedydevicel 410 shown
in FIG. 5a,For example device 4 imilarly include ingle basal drive mechani 46 and
provides adggggfeéeilves%% Ié%ﬁ%%gtr%eg ?igragt&éaﬁaye S ggjﬁ%p?ne |c?aqlrlﬁséttr)13t% anmfi? \I}vlﬁ?[‘gatlvl\l/%%g;zp?érate bolus
drive mechanidmeeg8oszdz Iﬂpééi@@igegoﬂ@gice may include a basal fluid reservoir in communication

with a single pump chamber via 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

15 arm of the Y-shaped piston may be received within the fluid reservoir 12, 14 containing the
respective medicaments 20, 22.

As such, the drive mechanism operates to expel hvdraudic fluid, 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

20 causes the piston to thereby expel the first and second medicaments 20, 22 from the reservoirs
12, 14. In such a fluid delivery system, a singie 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 crogs-sectional surface area relative to one another provides for a different basal
delivery and a different bolus dehvery between the two medicaments 20, 22.

25 Tlustratively, the fluid delivery device 310 shown in FIG. 4 includes the single
bolus drive mechanism 62 similar to that shown m FIGS. 1 and 2 for providing bolus delivery of
both the first and second medicaments 20, 22. However, a fluid delivery device, such as the
fluid delivery device 410 shown in FIG. 5a, may be provided which includes the single basal
drive mechanism 346 shown in FIG. 4 and separate bolus drive mechanisms 280, 282 similar to

30  those shown m 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 2 single
basal drive mechanism 346 and provides a basal delivery of each of the first and second

medicaments 20, 22 while two separate bolus drive mechanisms 280, 282 provide a bolus



- 14 - delivery of each of the first and second medicaments 20, 22. Illustratively, however, two flow
restrictors 356, 357 fluidly connect the basal fluid reservoir 352 with the pump chamber 54 associated
with the first reservoir 12. A single flow restrictor 358 is provided between the basal fluid reservoir 352
and the pump chamber 54 associated with the second reservoir 14. The dual 5flow restrictors 356, 357
allow additional hydraulic fluid (not shown) from the;basal fluid reservoir 352 to enter the pump
chamber 54 associated with the first reservoir 12. As such, a greater pressure is exerted on the drive
piston 58 astioetatetkyviil the: fitst wdernotdlddhamibat ahich isiexesedionHhesdeyexpision 58

associated with the eservoir 14, This in turn causes.a larger basal delivery (i.e., a greater rate
et s s T B e e R T S e
medicamems@da@thvaiisysterasepay dielBrodidedntlodimg @y Gdberofiflohweestdc tbeshesnnecting

the fluid reseryoi 2 with ej 0 ; mbhars 54 ‘ ' e , each of
the fIE:d de |\}§/r%£§%?/ql%éevgs§%§?l E:{L]?% 8%}11% %ﬁj%% t%i??é%%%%sa%é%mg %%0%1}8'3? %L?)%ﬁ% grfsgaglet{jgelivery and

a bolus defloercetitersitstndédiekericatrtrnsdy dretliadlbstinat shewnd Eme Bredrigeh bofus delivery of

the secongd.gaedicament afer s, functioninay beacsomplishedaraugh-marious combipations of
various features of these devices 10, 110, 210, 310, 410, and 450. For example, the fluid delivery

device 10 FRAFIRERIBCS FAFHRS BALAT ARvVE HSEEhh SRS HAe Wi M FORSSCHTRIE M EkRARSm able to
provide a holds deliveins of each-rbthefisgrndsesand esicamnenteset 21 4 hertluid @alivery device

210 of 20FIG. 3, an the other hand, includes two separate basal drive mechanisms and two separate
olus crivETHEAQTIETEESPh AN P efodt SREIE BTO G G 41 M ARG GHE B Heliver,
mechéanisdrebngadneiftoh sodbdivesyl mdchanidithaviteribhenfldichdedively OeviceswidkiGS.sa and 5b
include a single hasal delivery mechani nd two separate. livery mechanisms.. As noted
above, the e P A T e
of the bolwseipvdpmioishag T8Hssociated with each of the first and second reservoirs 12, 13 in

order to provide a differentRalus AelverY.ofeacA Ohie fifsl 2P d550Nd MaFisAMeNiS20, 22 using the

single bolus drive mechanism 62. As was mentioned previously, the dimension(s) of many other

componert&ldtihars aris e o IdiIRe B et debveny At bals S9dveny oTdhe s Hrdisaps¥ied in
orders0 pERviAE asWewicEmdarieiR theddhasaandiosbelusdelivaresaithefirstandtsecond

medicaments 20,22 are different from each other. . Looking now to FIGS. 6 and 7, fluid delivery
Govices 5 IDEHE ST Ao BrOVRIEET e Rl AEVE Sy BERERE Db RIS Al eRature to the fuid
delivery déwites déscribédiabbietint S5 T- S rAs such, likeirefeidhceyniavierdls inalvedseen used to
denote "kseeparate basal drive mechanisms and a single bolus drive mechanism able to provide a bolus
delivery of each of the first and second medicaments 20, 22. The fluid delivery device 210 of
20 FIG. 3, on the other hand, includes two separate basa! drive mechanisms and two separate bolus
drive mechanisms. The fivid delivery device 310 of FIG. 4 incindes only one basal delivery
mechanism and one bolus delivery mechanism while the fluid delivery devices of FIGS. 5a and
5b include a single basai delivery mechanism and two separate bolus delivery mechanisms.
As noted above, the fluid delivery device 110 of FIG. 2 illustrates a size
25  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 to provide a different bolus delivery of each of the
first and second medicaments 20, 22 using the single bolus drive mechanism 62, As was
mentioned previousiy, the dimension(s) of many other components of the various fluid delivery
devices 16, 110, 216, 310, 410 and 450 may be varied in order to provide a device wherem the
30 basal and/or bolus deliveries of the first and second medicaments 20, 22 are different from each
other.
Looking now to FIGS. 6 and 7, fluid delivery devices 510 and 610 are provided.
The fluid delivery devices 510, 610 are similar in nature to the fluid delivery devices described

above m FIGS. 1-5b. As such, like reference numerals have been used o denote like



- 15 - components. Each of the fluid delivery devices 510 and 610 provides a basal delivery of only
one medicament, illustratively, the first medicament 20. In other words, neither of the fluid delivery
devices 510, 610 shown in FIGS. 6 and 7 provides a basal delivery of the second medicament 22.
However, a bolus delivery of each medicament 20, 22 is provided. This 5arrangement may be
beneficial for the use of various combinations of fitstzand second medicaments where a basal delivery
is necessary for only one medicament, but where a bolus delivery of each medicament is desired. Of
course, thedigesliveRadevices 510 461¢:mayinstetd belcadliguraitia pasidetiadsasabaslivery of
only the s ' : ing-first to,FIG. 6, the fluid delivery device 510 inclydes one
basal driv%ﬁ%@ﬁ%ﬁggﬁs %a%“!p?%?/t%%%%é fgé?%?ﬁeir@ of the first rr%%&%arﬁ%%%ﬁﬂ? ]ﬁHe fluid
delivery dé\fiéen1dTinen St th6lLiE wnéndBIG8. drivel ihprhvatvisrbefdelprayidiftgcsboius delivery of
each of thesfisst-angiihe s86BeMeditAMEents,2Q,22.1T agéi%&ﬁ'%%qiyggsié& FIG. 7 includes
stm

one basal drive mechanism 46 for providing a basal delivery of the fir icament 20. The fluid

delivery d&VERSBTEYURREPs Iardiseler fhsiBeRis arives rraehianiisns 280 epioerdng a 15bolus
delivery ofiibgifirstmesicamenisa0danckihes sreand-Paks dsivemechanism 2824aERroMidipg a bolus

delivery ofdteql%gec%nd ?e%ciament 22. Of course, the dimension(s) of many of the components of the
fluid delivery deviceSHBI N BITRAY BETHRSA T st Foute A R Aex G rintHemdius delivery of
the first andsseddrdmédicainents @8:22ate differenvirom eackh-athemaitaskingnow to FIGS. 8 and
9, fluid delivery device an 0 ravided.,Each of these flujd delivery devices 710, 810 are
similar to the fluid deliv%é%%%g‘ _igé%%gel%gigé%%dggvdeg%geg égheﬂﬁ?esff?f@%%%eés gﬂﬁ%ﬁ& S'HIE used to
dendt lik&egmipendstsortevidins ddipserjadiovives 1E0iB 1B comeinZE GSe SiaddiSieach provide a

basal delivery-ofthesfirgtand sgsond icIme, - ile providin olus delivery of only the
second mediccament 22. No 25bolus dggﬁ\%lery fur%%@%%r%%gé% P&Y%ﬂﬂé’ %r%?l?r%sgzsﬁlc“é%% efﬁfh Of

course, the fRAGTEERIE HLReGRRSTdca kY B2 mbeified tsiproviderebbliodEliveRintudes first
medicament 2@sandyivSuekhanairangemenidna Behenglicia whers.itis desired 1o hagglly deliver two

different medicaments to a patient while providing. a bolus delivery of only one of the two
medicamrglr?{zsé “%?Sﬁ%xgd HirSEt él’%ﬁ%‘?ﬂ?@?ﬂﬁ% Garvary ey itd e reshenie 3 sonmenidiag arive 30

mech@nishold6 delipeoyititioabat detivary-ot ftedidsheneoiparnent 20 @nddasecarss kasal drive
mechanio e TR L 5 2 Ao SR B/ PHE bolus flid
reservoir 80t iefrebesah thyihtiddoliitrtide pean plChathibenbst assodiatectsvith fhe/second reservoir
14. As sughyiadyarremepbofingIRRhed G- 88 H08nd medicaments 20, 22 are different from
each other.
20 Looking now to FIGS. 8 and 9, fluid delivery devices 710 and 810 are provided.
Each of these fluid delivery devices 710, 810 are similar to the fluid delivery devices described
above. As such, like reference numerals are used to denote like components. The flnid delivery
devices 710, 810 shown in FIGS. § 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
25 bolus 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 is desired to basally deliver two different
medicaments to a patient while providing a bolus delivery of only one of the two medicaments.
Locking first to FIG. §, the fluid delivery device 710 includes the first basal drive
30 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.
Nluvstratively, 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



- 16 - bolus drive mechanism 282 to 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 fluid delivery device 710, the fluid delivery device 810 shown in
5FIG. 9 provides a basal delivery of the first and second medicaments 20,22 while providing a 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 a single basal drive mechanism 846. A first flow

restrictor S&afufluithy apRRAGimnezhasal tud teseveinda andinesnuep ehamber Sdtasadoated with
first drug reservaqir 12 é{vhlle ah%ecfond flo¥v r([g}n%trlc or g 3 Llyg Iolg(g%%ctag ?hl()ba?l’%l fluid reservoir 52

1sion a6 1o sovance | mven pisian o6 and {o den CCO .
and the pd}mp ERamber BA sSodatedwith the*8eddn Hrug reSEvor T FurAer ustratively, the

basal drivenmiécheasisii 846uishpbsitieirdbetween the pump chambers 54 and the first and second
drug reservoirs 12, 14 contaiping. the first an n Icame [ther flow
%ng?ar {8 gh% Sk é@ﬁv&g? 8&%99 %%heaﬂ%%&;&%ié%rf %ﬁ%%ﬁg%}fﬁg&%

restrictor 856, 858 is positioned upstream or downstream from asal drive

mechanisii848 ieoprdviddasil ishrsty 45within 2he sscopd wediigngistlésule Tarinpravidurtivery device
810 to inclyde.the;sinaler Bagahgduve MeshaRiab:348 Shavidn kifasnA-2Bdik ofanssample. The bolus

drive mechanism 282 of the fluid delivery device 810 provides a bolus delivery of only the second
medicameifto Bdicnsatsthe dinkorieioned) Brneihorthel comgliients BT haahientendaty devices
710, 810 may-hervaries i0erdes e \ddeaderice:whareindhe-basal deliveryeiihafirstand second
20 medicaments 20, 22 are different from each other. Loqkin to FIGS. 10 and 11, fluid
delvery BRTCBETEL Y O B YRe G MR A PO IERE B b BB similar o the
fluid telivensdehiceediscisse duabheeuis shahhék$irefercned nilnéradscard dsedrd¢eedenoté. like
components Each of the fluid delivery devices 910, 1010 provide ly a hasal delivery of both the first
and second Zemecicamiie LA e e B e B RS AT B S B e oo
includes timerfipsthambere Eéria bsdimrivel sreehdfivars 67 B0 assbtimtaith thedirsisprttive first and

second dryg Jesaiualis Aol Pravde INdepcnornt Rasaldelveryselieachphhe fstand,second

medicaments 20, 22. No bolus function is provided for either the first or second medicaments 20, 22.
llustratively e sieenvie deticd B irohs sureiRapGinn s preraieneGEraredIvary'#t the first
and secongiimadicanpats: 28 A%4isHat: Wodse paRIbasalidvive geeh aisinsKbsikBedawever, a

single basal drive mechanism 846 ma used to provide the hasal delivery of the first and second
edicamd A0 T3S SRR T o HE o BEVERP o1 o el e P SRR G, mo
bolus deliveryifithdtioreis providetifanihédevicasl@100f BienilthOfcanui seydhentimension(s) of many
o e o s BN s DR AR Rove
second meglicagiemterder to provide a device wherein the basal delivery of the first and second
20 medicaments 20, 22 are different from each other.
Looking now to FIGS. 10 and 11, fluid delivery devices 910, 1010 of the present
disclosure are provided. Devices 910, 1010 are similar to the fluid delivery devices discussed
above. As such, like reference numerals are used to denote hike components. Each of the fhud
delivery devices 910, 1010 provides only a basai delivery of both the first and second
25  medicaments 20, 22. Therefore, looking first to FIG. 10, the fluid delivery device 910 mcludes
the first and second basal drive mechanisms 46, 60 associated with the respective first and
second drug reservoirs 12, 14 to provide independent basal delivery of each of the first and
second medicaments 20, 22. No bolus function 1s provided for either the first or second
medicaments 20, 22. IHustratively, the fluid delivery device 910 shown in FIG. 10 provides the
30 basal delivery of the first and second medicaments 20, 22 using two separate basal drive
mechanisms 46, 60. However, a single basal drive mechanism 846 may be used o provide the
basal delivery of the first and second medicaments 20, 22, as shown by the fluid delivery device
1010 in FIG. 11, for example. Again, no belus 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



Looking now to FIGS. 12 and 13, fluid delivery devices 1110, 1210 of the present disclosure axe
provided. The devices 1110, 1210 are similar to the fluid delivery devices 5discussed above. As such,
like reference numerals are used to denote like components. Each 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 segend medicaments 20, 22. Therefore, looking first to
FIG. 12, the fluid delivery device 1110 includes one bolus drive mechanism 62 associated with each of
the respectii@ tfitdvand secandddrugdnesenvadesalizyibé tdhpravithe bolalsidéhveryf diefich of the first
and seconglégedicarpgéjgg {%%b%%t o b%abl daelliﬁg}r%/efurgﬁtg%rlsigcgrg\rlri}%&d for ngi?r of the first or second
medicaments &“8’“55 ooking now 0 FIG. f’ét e fluid de Ivery device 1916 néltides first and second
bolus drive mechanism&®280)282assoéiatdd with! théivabgdetivg firstcandld8cohd gidereservoirs 12,

14 o provige sepataie.halus delliap otRaGh LING fist and.seqand megicama s el 2. £gain, no

15basal délivery function is provided for either the first or second medicaments 20, 22. Of course, the

dimensionfdycassehilp b tHe Eethpdiraistsreneh BURGER dant 8pp oisaaa iocapnermtly bedldtied in
order to provide;a feNige whergin the bolus.Arliveryof thefirstnedicament 2R is-sitfereptdram the

bolus delivery of the second medicaments 22. For example, the size or digmeter of one or both of the

bolus pistoREHAETTEY BE vaned SR TASPIEHISHRRR I tHETRS SHFEIRIRT HEViBE 484781 FIG. 5b.
Looking newedadnientd 40, @ fluithdelivery déwedilss IOMItG Vit esafhas dtialivelyy b the Seedndks
medicament 22 and a bolus delivep ofthe, fist medicament 20, Wustratively, ng.basgl defivery s
provided fOF the Hirst medicamant 20 While o %jltus cFe’Iivery iS Provided for the second medicament 22.
Suchifin aressgemdidt iddy bebdabfiviakvlhverg driychaddhdélivent cbebfirstivnedisadibitis desired

while only gysplementalalus delvsry ol b, pesnnd redicameal deaieds L isalhin the scope of this

disclosure to provide id delivery device capable of providing a basal delivery of only the first

medicamerR PG RIE Hrd\Heing asdlus delivery dsvisalyiHbselesptimmeaidasient 2oloi@ample.
llustrativelyedheftuid geliverydevieed 310 shown daklGirddincludes theheles ghlye mechanism 280

associated with the first fluid 30reservoir 12 and the basal drive mechanism 60 associated with the
second fILRECFALR peRF A bolus deliprry ﬁj‘fd‘e‘?ﬂf@ﬁffﬁ@\ﬁ%éefﬁ%“iEﬁ?ﬁﬁieﬁ&%%, 5861780 610, 710,
810, ¥10, 8440430, aAneiba L0 Mesridhdor shbyaleaditiachidenone: ok motesafi ke basabiie

reservoirs 52, 352 quiglyc upled to.one or more hambers 54 by a flow restrictor,.such as flow
restrictorst %ﬁ?@%{s ) f?ggl%gé) ??Wﬁ&ﬁ%ﬁéeggﬁfgc gi%érze‘?l r\?oaﬁlsx%sZI, %@2@@@%&% an -18 -

varied in order to provide a device wherein the bolus delivery of the first medicament 20 1s

different from the bolus delivery of the second medicaments 22. For examnple, the size or
diameter of one or both of the bolus pistons 78 may be varied such as that shown in the flmd
20 delivery device 450 of FIG. 5b.

Looking now to FIG. 14, a fluid delivery device 1310 provides a basal delivery
of the second medicament 22 and a bolus delivery of the first medicament 20. THusiratively, no
basal delivery is provided for the first medicament 20 while no bolus delivery is provided for the
second medicament 22. Such an arrangement may be beneficial where only basal deliverv of a

25  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. Iliustratively, the fiuid delivery device 1310
shown in FIG. 14 includes the bolus drive mechanism 280 associated with the first fluid

30 reservoir 12 and the basal drive mechanism 60 associated with the second fluid reservorr 14,

The fluid delivery devices 10, 110, 210, 310, 410, 510, 550, 610, 710, 810, 910,
1010, 1310, and 1410 described above each include one or move of the basal fluid reservoirs 52,
352 fluidly coupied to one or more pump chambers 54 by a flow restrictor, such as flow

restrictors 56, 356, 357, 358, 856, 858. Ilustratively, the fluid reservoirs 52, 352 each define an



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 pump chambers may be provided as well. For example, looking to
FIGS. 15 and 16, fluid delivery devices 1410 and 1510 are 5provided which each include a flexible,
balloon-type fluid delivery reservoir 1452 containing fiydraulic fluid, such as oil, therein. Looking
specifically to FIG. 15, two separate fluid delivery reservoirs 1452 are provided which are each

associatedniincanamet the-fist:anesecaned fiyid saseniaiss 32 oL thelpariherapaadiernative basal drive
mechanism 1446, is provided tg force ft[{{lid from the resggctive 10basal fluid E{?si}ﬁoir 1452 through the
W euﬁ

flow restrictst SE SR RES 8 BURA B A BEF S22 b S AtRVERy e LA b EEAT Y Chanism 1446
includes amhinged prdieime fivéridbi:cosipdedtioithe:respectivesilexibieboasahbfl bidpreseiadas 1452. The
hinged plage member 1450 CRIRRIESSEe rnng. 14 r I, exter orce in order to
force hyd?éie |ée$]§§fdee§ra(§nrﬁ§\?\7i{n?n t gereservgérsﬁqgggfégggcﬂe%ﬁgrﬁg\?& }@éﬂ%}ﬁﬁﬁ%ﬁ%@ﬁﬁe pump
chamBer Suaoidrdvaiict the DBdviedistobl &g pmmdiial Basuttaliserpiof #éé fiestamedicament 20,

for exampig,While Ahe hinged platemgmber 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 showfPi1ZIepeasicaly K& Endisbromer satallaiqdcivethapisraEs Whe 4960 20

operate togompessitiarespacivediaxiblahasaldivid resenoi-d482qm ordRreRrovide a basal
delivery o cond medicaments 20, 22. Altern tivgﬁlﬁf singl%basal drive

%]ea h of 'gle first aré%s%g
mechanisi 1AF6 B AITEALTS BRiTvERY G SR TS T0 A0 HMTAETeS B e S I prsVide S bsal
delivedy obbethfikie first-and:d62oncupk diedrents20;0226 Hubinatiied yuanychintteflid delivery devices
disclosed perein,may Iglidehasyl22anciion balis dive meehaniems ncluding adbingeg plate

uk?e wél at seﬁ’ e%% .nfgn 5 % I% B

member and a compressi reservolr such as own and1 IS ano within the
scope of thishtisespaives theinblebeseltfaidsgietykiddrive. macHangshe tsraetvberciddlathyidahrough a flow

restrictor. £orexample. 4038 duy6 MeRNARISEMNY,ICHETAIE 3% SLRDRR X YRR +{0h SxAmPle,

which exerts a force on either a piston, such as the basal and bolus drive pistons described herein, or

which 3068/ E Yok oh eI Hemissik to2pd sHathyarautehigther o dualyanaeibsestrictor to

thenjadvaase:thribredicamantie:ha galivered:-/ larmativelyeSuaiadtexiRiesnamhranamay.directly
force the medicament t%ugrlh a needle or other such infusion device. Further, a spring compressed
i

bellows cFRE: S O AT A GHE R AT AR GRT i Citclosite

to provide other suitable drive mechanisms for compressing the flexible basal fluid reservoir
1452.
As shown in FI1G. 15, the first and second basal drive mechanisms 1446, 1460
20 operate to compress the respective flexible basal fluid reservoir 1452 in order to provide a basal
delivery of each of the first and second medicaments 20, 22. Alternatively, a single basal drive
mechanism 1446 of the fluid delivery device 1510 shown in FIG. 16 operates to provide a basal
deiivery of both the first and second medicaments 20, 22.
Ittustratively, any of the fluid delivery devices disclosed herein may include basal
25  and/or bolus drive mechanisms including a hinged plate member and a compressible fiuid
reservoir such as that shown in FIGS. 15 and 16. It is also within the scope of this disclosure to
include other suitable drive mechanisms for advancing a fluid through a flow restrictor. For
example, a gas drive mechanism may generate gas, such as oxygen, for example, which exerts &
force on either a piston, such as the basal and bolus drive pistons described herein, or which
30 exerts a force on a flexible membrane to push a hydraulic liquid through a flow restrictor to'then
advance the medicament to be delivered. Alternatively, such a flexible membrane may directly
force the medicament through a needle or other such infusion device. Further, a spring
compressed bellows crank, a paired roller set, or ether mechanism to force hydrauiic fluid {(from

a fluid reservoir, for example) through a flow restrictor and into a pump chamber to thereby



a fluid reservoir, for example) through a flow restrictor and into a pump chamber to thereby - 19 - exert
a pressure on a movable bather within a drug delivery chamber to expel at least some fluid from within
the drug delivery chamber through an aperture of the drug delivery chamber may be provided. Looking
now to FIG. 17, a fluid delivery device 1610 is provided. The fluid 5delivery device 1610 is Similar to
the fluid delivery devices described above. As suchyglike reference numerals are used to denote like
components. A flexible member 1658 of the fluid delivery device 1610 has replaced the driven piston
58 of previaus £pbadin@nisndid Bdablermahibeihob ks ablehtondefosraxiselesleaiserie thedpressure

exerted upon it fromgﬁ]d aulic fluid farced into the, pum ham? r 54 fram.either the basal fluid
roservoir A AL B b 20 Bt e B L Bl h e o e i Eitation of the
flexible memipErd.658 into the drug reservoir 12 forces the first medicament 20 within the reservoir 12

through the needle 32.y ,o1i,., JIUstatyelyy thelexible member 169825 uGllas the Rigton 58

described in previous embodiments operate as barrier méchanisms between the one of the

medi¢amélfity o, desEe Al dssimyiadofberilidaleimy jress feserredheotarfer srdeBlmism. Although
the pistona8.and thentlexible memher-hbkaikay repesifically discinsed dereimndtdsiwithin the

scope of this disclosure to include other such suitable barrier mechanisms separatin%the medicament
20, 22 frofFEREMYEYLGIHOHLiRASATRESSE P TG BT SARTE TS GRALIREire EapaBIPE moving
within thestimneseehamherist theidisighraservoiiseelativetostne: euterivalisndf thedfluid-20teseoir in order

to force medicament out of the fluid resgervoir. . Various other.barrier m nisms_.are described in

vantor CdATE e P R BB a0 AIRFLS A e e 008 v

2095,(6)11%$&tmé&jds®su‘mm§vﬂlﬂuidm&m§ﬁeﬁ& iﬁ”@e@qﬂmﬁ@y_o@%@m’é}h&n@mb@ééﬁ%f the quic_i

delivery deyicgs fgagibad.abeVRinduen & slinagdie A7 inastd.camiuaiaaion i the reservor
the le 34 Infl

12 containing Ir$t medicament 20 and a second nee uid communication the reservoir 14
containingitls fde second medicament 22. These separate needles 32, 34 may be spaced-apart from

each other a desired distanga B QreerHo Mie YeRhBIM B3IRG:RN Gommnalingpidhe;fitstand second

medicaments 20, 22 once the medicaments are introduced subcutaneously into the patient. It is often
desirable prsylgﬁaﬁlﬁgygdiments operate as barrier mechanisms between the one of the medicaments 20,

13 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 1s within the scope of
this disclosure o include 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 fluid reservoir relative to the outer walls of the fluid

20 reservoir mn order to force medicament out of the fluid reservoir. Various other barrier
mechanisms are described in greater detail in U.S, Patent No. 6,969,324 and U.S. Patent
Application Publication No. US 2005/0119618, the disclosures of which are hereby incorporated
by reference herein.

Each of the fluid delivery devices described above includes a first needle 32 in

25  fiuid commmunication with the reservoir 12 containing the first medicament 20 and a second
needie 34 in fluid communication the reservoir 14 containing with the second medicament 22.
These separate needles 32, 34 may be spaced-apart from each other a desired distance in order fo
prevent any mixing or cornmingling of the first and second medicaments 20, 22 once the
medicaments are introduced subcutaneously into the patient. It is often desirable, for example,

30 to prevent any mixing of two different medicaments before delivery, during delivery, and after
delivery of the medicaments into the patient if and when there may be compatibility issues
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 to maximize the distance between

the two medicaments when each is delivered into the patient.



30to prevent any mixing of two different medicaments before delivery, during delivery, and after
delivery of the medicaments into the patient if and when there may be compatibility issues 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 to maximize the distance between the two medicaments when
each is delivered into the patient. - 20 - Adglitionally, or as an alternative, the first needle 32
may be provided with a delivery ann 142 which is significantly longer than the delivery arm 42 of the
second needle 34, as stuwialFlGr I8 falexamplahdASrsuekdihé Helvéry anvdbdvghthe first needle

32 will be jnserted to gre ter .subcutaneous depth within, the patient iver ngl442 of the
5second ﬁigg"é%y fﬁ@lr%s“u%ﬁl%nmlﬁi ar%g? iI)}feiﬁlr‘gs rrg%ea i%cgaer%&elﬁ‘f%ﬁgndé i\%%%%%? é%%aéf?egn't ata
different susxbutameobESdéptivtrannhie suscutan oukepitetowhicH thelsstomdim&divanent 22 is

delveree s R WIGI0S JCRIBIAMAICHL Mﬁ%«i&%%%ﬁ@ﬁ%&%&% argingerted within a

patient, the first and Second medicaments 20, 22 may be substantially prevented from mixing once

injected irtasahé pratbntt 1 Oilkush ativesrrtte tdies! SeiereheddicleBrersd iy BEIEREE to separately

deliver the;first. andisecandivadispments 28 d2aiBinsianeas wheraitbeseomay deceampatibility issues
between the two medicaments 20, 22, the needles 32, 34 mag be spaced-a%%rt from each other a

suitable diStaERoPSUFEHERG SIR ISPy Eh IR ThRdy STHfBHoa hedTratts Yo 2 #80iT %ind after

delivery ofthenmemicamentsRanltacitenpatient-Addiionatiyy or ashamaleinativentitefneedles 1532,
34 may be inserted into the patient at different depths to further prevent any mixing of the

medicam&HEEP555 HRHTRS BIaHS P38 ary of the medicaments 20, 22. Looking again to FIG.
18, atheedle cover butftins280vispbwiceeydaichailtusttdivély, AduseshootthacttieaBdy 3altherein. As

such, actyglipn of e Agerle. SoYGRUIAN 200, byayser ol palienl agbples hplhnggrles 22 34 at the

same time. lllustratively, in 20operation, the needles 32, 34 are positioned in a first, tui-activated
position (Retesiowis) Wwhereliyameniaitoxelathn aadeedbr hawd bpasAisrayfiey skt fio the

respective, SIanPels.afte (Sxipitiheliing delivery amntAd AR ef.aramaneds BPadhiscaniained within

an external housing (not shown) of the fluid delivery device. In order to move the needles o an

activated HaiEarPENsdBrdepreasalRé KUl RB60 1o 1P IeLENOR 88 ATe2 5584 S IS HITSE #e uptake

arm#0 ofzeach RAapeedie-Aed 3donies eesdherespesivésiappaiisr28.an isinividcofimaunication
with the hollow chamt%ﬁr 6 co_ntaini%}g the res‘%e%%e fira{t and se(? ngd.medicaments 20, 22, as shown
p “th a

in FIGS, FH7 5B pte. BUARST, CLYS HOSHIEHIRE distalend 38 of the delivery arm 142,
42 of each needle 32, Bdckiiendsibeybli tieextetraldveusingof fhesgetivelyddévide for subcutaneous

pacerer S e kel eSO g AR Bstan i 9.

200 by a user or patient actuates both needles 32, 34 at the same time. Ilustratively, in

20 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 to move the needles to an activated position, 2
user depresses the button 200 to lower each needle 32, 34 such that the uptake arm 40 of each

25  needle 32, 34 pierces the respective stopper 24, 28 and is in fluid communication with the
hollow 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 arm
142, 42 of cach needle 32, 34 extends bevond the external housing of the delivery device for
subcutaneous placement within the patient. Although the single needle cover button 200 is

30 shown in FIG. 18, it is within the scope of this disclosure to include a separate needle cover
button associated with each needle 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. Hiustratively, the needle 232



button associated with each needle 32, 34 such that the needles 32, 34 may be activated separately. -
21 - includes a single delivery arm 242, a first uptake arm 244 spaced-apart from and illustratively
parallel to the delivery arm 242, and a second uptake arm 246 spaced-apart from and illustratively
parallel 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 to_the delivery arm 242. The 5 needle 232 is
cannulated to define a continuous passageway extending through each of the arms 242, 244, 246,

248, 250. i-ra-activatesdpnsiion:the i stiend:se1ef fachupiakedanma-2#4m244 iuaeeivelg through an

outer wall of the respective first a ecqnd stoppers 24,28 of the various fluid delivery devices
disclosed %?Bfi ?%@%gﬁ YWeaﬁPsr% ﬁ&lfg(aa 5?9@%&&56%%%%%r%éfﬁ?eéﬁiﬁﬁﬁsﬁ[%%%%%%d within the hollow
chamber 26:afeach stoppdri2 4,2 alhen the hézelev2B2 isrmtbeivi(iat tivdten posiiosy cTeasecond
end 38 of the delivery ar, of the needle 232 | ided, for, subcutaneals insertion ipfg a patient
in order toc%l}la\{/%orlt rgéf?rzsi?agn% g%"(]:%ﬁ%ef%%el i%érﬁ‘éé%s é%}%gsz to the pat%nt. 4 llustratively, the
needl® 23%:pleRAiS thefinstaanitcdebrriarnedioanie nesReevavieimd i Fheaeh stpepbiie etdibeing

delivered into the patientsFoyexamples hdirmedicamen! a2l Y aniphLReMPtakeAm; 244 of

the needle 232 and travel along the transverse alin 248 to the delivery aim 242. The second

medicamépfePEhiBipFh AR N ENTEH tRE TR TR AR Drb BRPREEETEEE2 4N a5 PAVERT 55 the

transversg@ia2aeiodaixwiisthadirstrmadisament 20 mdhedelivensaimidd skheagedie232 may
be used with delivery devices where the first and s%cond medi mEnts 20, 25 cgg&aineckhwithin such

delivery dBRTHSLSG S EBI MeRRLNHIELRR ofher ZHa SRR SAE PP eti/ell Thit the patient.

iveryin
Of conrsezatithraepaidate: basakanadeatiS gelivieryishiealyanisy) thehe meildizs hstancaidvfiere only the
first medicament 20 or only the second medicament 22 is bei d%lévere qrrlg&lg Q&Srﬁ?%e 232.
While the <8 taélgglclis' lﬁlg%rgen 51 é%%eé]licolgeo ‘%?ér%ié]e grmug?xéa%ltt aCOI‘?]%Cg'[I le m%a icaments able to be
mixed togetherpitishiould be understood that other suitable needles may 25be used which permit the

medicaments to mix wig,eagh otheralierieaving.heuid reseritsnithinaaicheash ie stored. For

example, it is to be understood that Y-shapes are intended to encompass T-shapes. Further

illustrativeRix &b verbathsnoriss 12 keieudr ity id info f5 palertaf@imeamelh heHeenrdis4nTH the

un-agiivatag-pasitien watiigheitton252-s depirsser.an activeira Dihatiseraspatiepsskyrther, upon
depressing the cover button 252, the needle 232 30may be moved to the activated po iti?%to allow
fluds from AP RFET SISk FoCEPIO P A5 DA GRAY S Bp SRR SR TR T D,

Accordingsteddnziaspactatihtpresentdiselosune, 24 §luidude vigryha diricenmiaineitide ia miurality of
e Ao 0 A ol B LAt B e
medicaments 20, 22 contained within such delivery devices are compatible with each other and
20  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 needie 232.
While the “Y-shaped” needle 232 is disclosed herein for use with compatible
medicaments able to be mixed together, it should be understood that other suitable needles may
25  be used which permit the medicaments to mix with each other after leaving the fluid reservoirs
within which each is stored. For example, it is to be understood that Y-shapes are intended to
encompass T-shapes. Further illustratively, a cover button 252 is shown in FIG. 19 to cover and
maintain the needle 232 in the un-activated position until the button 252 is depressed or
activated by a user or patient. Further, upon depressing the cover button 252, the needle 232
30  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, a fluid delivery device may
include a plurality of drug reservoirs for containing and delivering a plurality of different

medicaments. For example, while the fluid delivery devices described above and shown in



- 22 - 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 a third
medicament contained within a third reservoir. A separate or shared basal drive mechanism may be
associated with the third reservoir containing the third medicament while a 5separate or shared bolus
drive mechanism may also be associated with the third reservoir containing the third medicament.
Further, a shared or separate needle may also be associated with each of the first, second, and third
medicamepis 10 ideliviecgashimesicCamna segiasatelys Qo cmniaiﬂe@le&mﬂﬁﬁlﬁrdt isddthimthe scope of
this disclosure to |n qu atﬂwd?g@h\{erg deV| hagmcg mor thar11 ee mde(g gmentg each contained
within separa‘["tW i rése?r}vcj‘)slrv‘éj1 NEESFARS ano eorsaspecf1 ot i pﬁlelseﬁ kit g%ldeé,ﬁre the delivery
devices diselosed &e@m&@m@mmmm pdntabiaeavwramedpamefmaﬁmdhmsahénm patient
during use angsuhseayeniy.disprscd afanandhe ealmstt s nisbed Qf.saume. L such
non-portable an non- sposa & eI|very evices are inclu within the scope o isclosure as
well. 15Acepalntgyoshtitba holtredraspeetivhibie prasem H@ﬂmﬁ@ﬁtﬁéﬁlﬁi@%ﬁ@?’ﬂ@fnces described
herein are adapifd 10.dpIMERINE.AIHSr eRtedicaments: 20,06k 224t ang smbadimsatdhe first and

second medicaments 20, 22 are selected as belng adapted for treating two different diseases that may

occur in a CBIAwBRE His ks ssrars: A4 HEt SISrRBBERE ShEcHHETRY AR TeRaisliints 20, 22

are Seth@Qxﬁﬁzﬁ&'”Szﬁﬂéﬂieﬁ foritanting m&ﬁm%@w@ﬂi@mm@@tﬁn@w@m&@%m a single
disease. In another e iment, the first an?kg econ (:aments 2%%%%are selected as being

adapted fOPTEEMGh a§ & (HEALamSa F%SSB%WS SHAlSh of such two or more

meditaments may be c@cﬂmﬁnp@tedm@esuﬁotmf the presdntdmlbﬁrremia@iéimemdﬂvezéwst and second

medicame are select S for t|n t jor example,
iose’d%erem darézg 2haft Ve{jl cg P%%p %gz gn& a%% GG Qggr dé g

one of the rst Or secon medlc ments caUses undesw € or unwante e effects or other
adverse edentg, uspdnheubtheratihdisitetcdrnd wheoH frratieanine Areided 2 2 heedistesthamistibrates, or

alleviates those sifle. effels,r QAMBIRRIENEMSdevices arehANALASHEMARCIMERL Hagdirst and second

medicaments 20, 22 are selected as being adapted for treating a disease state where the efficacy or
perf0|man%‘é°éffSBFf‘e36f"tﬁé first or 30 second medicaments 20,22 is enhanced or improved by the

(t:)o aggnmlstratlon of th@x@&Bﬁﬁ_@é gb@tﬂrgh@hgﬁgg@@&dmm@m&gﬁggf tficRey @@h@@celment mar)]/

e additiv tic,.or m rect for or mediate nsmzaton es |t| n_or tolerance that
may accogf?b’ g%ﬁﬁgﬂi%dé?%%? ﬁﬁ%ﬁﬁ?g{%,i? S PR %eﬁ gaéé) G488 that such
enhancemeriodine3d §h¢rﬁmn\1emammmﬁzysde:adimmmj GWermiaft&iml'gl bdwpodrfbofrithenmedicament

whose effigacy,oLOSIRUIANGE 5 SNNANGEM, , o onltisUKeLsIRY 1B e devices dosgbed herein
may allow fo e pairing or two me caments Itnotﬁerwse cou a[(f not %}e elivered in a unltary dosage

form by first and second medicaments 20, 22 are selected as being adapted for treating two different
20 symptoms that may be present in a single disease. In another embodiment, the first and second
medicaments 20, 22 are selected as being adapted for treating the same disease and/or symptom
where such a combination of such two or more medicaments may be contemplated or desirable.
In another embodiment, the first and second medicaments 20, 22 are selected as
being adapted for treating a disease state where for exampie, one of the first or second
25 medicaments 20, 22 causes undesirable or unwanted side effecis or other adverse events, and the
other of the first and second medicaments 20, 22 mediates, ameliorates, or alleviates those side
effects or adverse events.
In another embodiment, the first and second medicaments 20, 22 are selected as
being adapted for treating a disease state where the efficacy or performance of one of the first or
30 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 sensitizafion, desensitization or tolerance that may accompany the

use of one of the first or second medicaments 20, 22, It is appreciated that such enhancement or



5conventional means. For example, certain pairings of medicaments may not be possible in
conventional unitary dosage forms due to chemical incompatibility, differential stability requirements,
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 to the
need for flexibility in altering the ratio of the first anghsecond 10medicaments. It is suggested that
conventional dosage forms would require a fixed ratio. Further, certain pairings of medicaments may
not be possipievisheanyentienpluniasy dasageiouisduariveamplicated cesingwagineisagquiring
alternate adminjstration ove pregetermined time periods. It is to be further understood that though the
foregoing %%%%TPS@%“&@ ﬁ?]cge , those aspects apply equally to embodiments of the delivery devices
described herein that aitashbcerfigut dthtdthddbiverthisertribremeadicainents. the pairmgrobne

embodiment, the devices described herein are.ad d for deli g' e i@ s to treat diabetes,
including %%én F%ﬁ%&psetgﬁislta%g%sé% %P%Elegt?g gcf/r%gg[‘ger};ieé?{ralr%l ﬁlia%’;}e%ic c%%né%%%?y In one embodiment,
the firt orcsrconid ot ammr202201¢s detlirperiaasinsulinlzoamiiogaand repetidiaredicament 20,

22 is drug.selegied 10 mprove e Rerlommance.Andastegse e site sliaglpialis;phhe insulin or

insulin analog. It is to be understood that the first and second medicaments 20, 22 may each refer to
the insulirf SHARBYSIEFEETE S et ipie caETaasa el P hss ORABRAIY PHERIR HRecH SRR,
pre-insulinysaagd insuhinghatbave. PR neriies:wih ¥arous WBReReids.EHeRRSMVIRIASertions,

deletions, and substitutions. 25The devices described herein inclugtgevgrious ogtio s as to the
0

presence SPABSERES S1HGIHRE LREFSPHAREPHEN B AT S (BRI § HEBOIE B livery, the relative
rate 0f therhasahdekvelyisangeotharifaatoresnhaco lingly fanmsome: émigodinaeitsiobtioe devices, the
insulin or jnsylin analog_is the first medicament 20, while in other embodim he insulin or insulin
analog is E%H%%ft?)%‘% g@%ﬁ%ﬁ@ﬁﬁﬁcﬁggﬁ%@ﬁoﬁ] Wedt E%ﬂé %%tnt ?en %Qé%g réit0 §a Er;lnedica\ment
20 and sebomd dneticampit2@] desingadgineoh aspyedng alictmaticdmiiiatioa ot thepmeeizaimeat for

different %ﬂﬁ%%%g.nﬁm smbadiments ot herdevises drsesingsNeigiBives drug Phidngther

embodiment, both natural and synthetic insulins and insulin analogs may be used as the first or

second mEEREATERE 2002 b SEROSImAREI St W AsTireRPSeRFt R ERUEAt &enaturally

occursing hiaman s lipseptharalogsheraefxingiiding but not - 24 - limited to those produced using
recombinant methods from other grganisms such as ba%eé'ia. In another aﬁ)ec&, g}nsulins used are

synthetic insulins, or mSdH&EHRSHHRE  H6 SHUCEHARSSRGE RHSIA FroHfs SUEHRE insertions,

deletions ranti-exehangesindiae-nsuliniséigpanee I lustraby & v thadn siuinsiargrhismre.insdlin, Aspart

insulin, Gl(?r%ine ins%#in Detemir insulin, 5and the like. Further, insulins include but are not limited to
180CHC CO

the amino acid Insar |8ﬁlsif"amino
In one embodiment, the first or second medicament 20, 22 is msulin or an insulin
20  analog, and the other medicament 20, 22 is drug selected to improve the performance, or
decrease the side effect profile of the insulin or insulin analog. It is to be understood that the
first and second medicaments 20, 22 may each refer to the insulin or analog thereof. For
exampie, as used herein, insulin analogs include pro-insulin, pre-insulin, and insulins that have
been modified with various amino acids, such as with insertions, deletions, and substitutions.
25  The devices described herein include various options as to the presence or absence of bolus
and/or basal delivery, the relative size of the bolus delivery, 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
30  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 and synthetic insulins and insulin analogs

may be used as the first or second medicament 20, 22. In one aspect, insuiins used are naturally

occurring, such as naturally occurring human insulins and analogs thereof, including but not



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 chains. Illustratively, insulins 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 10 or Glu29; where the B-chain
is 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.
In anotherlaspetto insudipsoised asipedicameants Heteids arenniernediatractng insslinsidinguding but
not limited to HUMULIN L ErumuuN N OVOLIN N, NOVC&I}J%EI} and ggg.like. In another aspect,
INSUINS PSed are G IRSUTE,.OF rlﬂ?né,l? Clﬁljsa Hb’% Bﬁ gtlglﬁlﬁlt\ga ?.81 PLDRA,

insulins useq as Madicaments haten ara rapid acting’ins
HUMAL O Ghiit vt AddtRpNOW@E iNRipNOIRLGE 2ahd:ttedige. intanothén aspeetdnsulins used as

medicamef e e 106 AEARBLISHINR NS Bl gt HEEAIO HUMDLIN U LANTUS, and

the like. In another dspect, insulins useéd as medicaments herein are mixtures of various insulins,

including Bae At liksitdais 2 ouuMANDOBIMIX 78/25 HURIUE 30780, il ntsitiols7 @869 NOVOLIN
70/30, NOMQILG; MEXAQBRmANEith&: ik Sutions of JIHEREMAMAHAR, hath medisaments 2. 22 are

insulins. It is appreciated that more varied mixtures of insulins may be delivered to certain patients

using configtirdtitsrEarhir sehrradifiseicanian bo radmenfufrotdhabdins sébsiringdicament 22 is
another ingulifindtris Poendersioed thatdasdine may heseloated issuitdhe,peedsafivarious
subpopulations of patients for which readily avajlable premixed insulins are less desjrable, or where
mixing inssiﬂigr%}?ger%ts %@s?’?a%]l@\{%]o SF%ﬁggp%h?%%b%@t%ﬁﬁiﬁﬂ’%ﬁﬁ SRRIPRL NS IH0ER as
HUMETLIN UGhZANTHdS, thnB -timilike carddie sebendvittsulinds andnieimediaterbeshest acting insulin,
as descri in.. - fi ion. the.device is selected such that both the first and second
3Omedica?:r%%lrjkl_‘]f?%(;)li,l Izé% lgoges E)Sri?3 r%’a%ﬁ%ﬁ%%&éu%swgy%%ﬁnﬁss%Péltﬁ% he aﬁgﬁseﬁhtf%tia E?E‘?rd”é‘ Crganner
rather thaRsavBadalshians einiatiosdiBetifiguration, it is understood that for example, the long acting

insulin may be adminisieradifs 3-pRGCHRRIAAYRPINSAMOLNERL S a@%_{&&iﬁ%{mqge acting

insulin is administered in a meal-time read;s bolus amount. In one variation it is contemplated that the

short or infsHHR IR SR TATed o Aidtdred {VE B ANAY, NV B A MNEEXAEIMNr in another
varigtion tReagb @it Okite! mediaie et ninglinBay:Re-atinitstere’in A0asal JMARNaLANRS a

moticamdRT0 DAY B R e S O R A AN L S Dem e, or
decrease thétsidéceffectuprofileaafthei finsadinsed insulifianaiog ksen as omeditgmentisthe
meChaniS@CﬁJ&B%ﬁti e %%ﬁ?e% QWL{N U, LANTUS, and the like. In another aspect, insulins
used as medicaments herein are mixtures of various insulins, including but not limited to
20 HUMALOG MIX 75/25, HUMULIN 50/50, HUMULIN 70/30, NOVOLIN 70/30, NOVOLOG
MIX 70/30, and the like,

In one vaniation, both medicaments 20, 22 are insulins. I is appreciated that
more varied mixtures of insulins may be delivered to certain patients using configurations where
the first medicament 20 is one insulin, and the second medicament 22 is another insulin. It is

25  understood that insulins may be selected to suit the needs of various subpopulations of patients
for which readily available premixed insulins are less desirable, or where mixing msulins is not
desirable, In another aspect the first insulin is long acting insulins such as HUMULIN U,
LANTUS, and the like, and the second insulin is an intermediate or short acting insulin, as
described herein. In one configuration, the device is selected such that both the first and second

30 medicaments 20, 22 are primarily or exclusively admninstered to the patient in a bolus manner
rather than a basal manner. In those configuration, it is understood that for exampile, the long
acting insulin may be administered as a once-per-day bolus amount, and the short or
imtermediate acting insulin is administered in a meal-time ready bolus amount. In one variation

it 18 contemplated that the short or intermediate acting insulin may be administered in a basal



efficacy or improved performance may be any, including improving endogenous insulin production,
decreasing insulin resistance or insulin insensitivity, improving the utilization of insulin and glucose by
peripheral tissues, increasing the uptake of glucose by peripheral tissues, decreasing the amount or
slowing the rate of endogenous sugar production from certain organs, 10including but not limited to the
liver, decreasing the amount or slowing the rate of g@astrointestinal sugar absorption, and the like

In one configuration, the other medicament is an incretin, incretin mimetic or incretin analog, such as
glucagon-fikenpe ptide (G R a8cGkPr-hanale thetenadide By EEAc A sy rhy)y Bxtendin-4, and the
like. Incretin mimetics.and/or incretin analogs may act 15analogous to Glucagon-Like Peptide-1
(GLP-1), ATy DL DA e B R Gt St ooints T crec
plasma glucose levels,Imay:ierintiuddr dsthelpbe ditgsidtlisauedeiStoBdithabthecBLf tosystem
noreases [naulll gh%%ﬁia%gﬁof}!x,i%%%s shee.ohelevaled Alasma gluaosedevsisnRiding

inappropriately insulirt levels'during fasting. It is appreciated that incretins may enhance

glucode-dispehdenitindilimsberatisrranadediaivicothdpooanbityperdicainiedersAsBiiBwing their
release in@%ﬁﬁf%&%&@é{%ﬁ@@}ﬁgﬁ% MRABIAIRRE Sk HBTHE SusaaRRdeNRlsduring
Ithou

hyperglycemic periods following meals, w t interfering with glucagon release in response to
hypoglycetFaudHeRefiAETHEREARSY HokFS BaRSR AP SUECHRERR RS O raR iR g HRERarRodf gastric
emptying apgislesreasedeas! iakpemitigaingiheppientalsevestyatiynarglremmid evasts after
meals. hir%ne embodiment, the 25 devices desc{ﬂb%d herein include cgagyﬁdose %QB}{)ETTA in the
range frorfCSBAtHS 1 ABOUFS ARLrOE HIn R RO E 0PSO § B AHGrHOR T BP PR Si&Es that
devites mayhhtmsshacted ihatethcl udeivse peraising ddl erfoueantsofthe thsarteaifs containing
medicaments 20 Zgﬁslusch thé%t sulglsot%ntigltﬁéiﬁfgg of the two medicaments does not occur at, or

. AS{ITOHNES H S0 X . . . .
optlonally%ear, the sites gﬁnjectl n. 300N another configuration, the other medicament is an amylin

peptide, such as pramiintieie ¢Stfauyation ivglivihen i dippresidtcs tharcHefitiisERBImsHs ¢fin may
parallel deficigncigs;i, amylin: ARyIBMAY Payssa medetating affecion hlaed alyeeserasorption from

the gut into the blood, slowing and managing meal-derived glucose intflow, controlling pancreatic
glucagon S88f8tidrlhd ssRdEhentFe Jhta g HEpRRGI G IE B roaGERRIAHEY %8 - foregoing

configuratiamioifdssaprreiaiaditnal rlgvices mapbe, selectedthatincliydrpidepatateneadte for each of
the reservoirs containing. medicament aZO,ﬁ%ZI such that STbS antial %jixir%gugf éhe }tIV\ioerrnGe{(}j]]icsaments
does not SRS G SHIBAARY HEAP, FIFE AR BYTREHTEH 1R &RoHfEr KaRfigUrAton. the other

uration
medicameéntsis-a deigranice e Bigbanige e ambinat amdhironeritustratiyenabpestsdhe biguanide is
metforrnin (GLU PHAGE. FORTAMET,.RIOMET). hi ther. ]l iyg 3spe! tfzglﬁz iqygnide is an
nribrtor oiene et Glsnl ARl R Lol O A SRR

gastrointestinedigled tue inbrstinstioay, tnisagspgbckaedaratbiginsnldesrmipingé et e@fficacy of
insubp therapy oy decraasingNeRFicAHcase RirAlGiRNLRREaRIng, Interlingl-Aksaption of glucose,

and/or
moderate peak serum glucagon ievels during hyperglycemic periods foliowing meals, without

interfering with glucagon release in response to hypoglycemia. Incretins may aiso have
beneficial secondary effects of reducing the rate of gastric emptying and decrease food intake,
mitigating the potential severity of hyperglycemic events after meals. In one embodiment, the

25  devices described herein include a daily dose 6f 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 each of the reservoirs containing medicaments 20, 22, such that
substantial mixing of the two medicaments does not occuy at, or optionally near, the sites of
mjection.

30 In another configuration, the other medicament is an amylin peptide, such as
pramlintide (SIMLYN, Amylin). It is appreciated that deficiencies in nsulin may parallel
deficiencies in amylin. Amylin may have a moderating effect on blood glucose absorption from
the gut into the blood, slowing and managing meai-derived glucose inflow, controlling

pancreatic glucagon secretion, and consequently regulating hepatic glucose production. In the



10increasing peripheral glucose uptake and utilization In one variation, pharmaceutically acceptable
salts of such medicaments are included in the devices described herein. In another
configuration, the other medicament is a glucosidase inhibitor, such as acarbose (PRECOSE, Bayer),
and the like. It is appreciated that glucosidase inhibitors may increase the efficacy of insulin therapy by
slowing either the pancreatic and/or intestinal 15hygkalysis of complex carbohydrates to glucose.

In another configuration, the other medicament is a sulfonylurea, such as Amaryl glimepiride

(AMARY L fofeenidis )oel iyduisigien (B A BlpTaistedantis)c glipizits (G kédcd RAindiirerscaaddike insulin

secretagogues. It is appreciated that sulfonylureas may incr the efficacy of insulin therapy by
e ke iiiae S thile i S Ak R e L ek G
addition, shifonylorebsmenysidere asedherefficacynfinsutivathrapychyfingretiging the sensitivity of

peripheral tissues to ingylin 4n.angther.configration. g alher megigament Is.-ameglitimde, such as
repaglinide (PRANDIN, Novo Nordisk), nateglidine (STARLLX, Novatis), and like“insulin

secrefagogiesingtisrapprasidteraixe arogtiifia demaimermstarie 6flddeBHINGHIn therapy by

25inC_reaSMTW@MM.Q%Mﬁeﬂ%Mﬁ%%%& %Q&ﬁf@éﬁ%ﬂﬁ!ﬁﬁ% beirsells, by
blocking ATP-dependent potassium channels. In another configuration, the other medicament

is an agorfREFaPTRIBSHSE M BrOtHET ABFActir sy Fate pior (PR SLeH S BHART 2N Aie

embodimentothed? P AR-¥rageniskisat thiazelidinedioneEhZDhinsalin. semsiiaes, tnghiding but not

limited to gi%glitazo%]e 30 (ACTOS, Talceda), AVANDAMET églgxoSmithKlipez), rosiglitazone maleate
¢ AT i LS

(AVANDIATGTAXGS KOBHERTSTHT: BErSHATE SNTHRE MRETRISAPoEEARAMEE TZD insulin

sensitizersnardsoth epRPARycagosisisiahayid ctdase dhe lefiicacy piims pnrtherapyebly decreasing

senslfzers uagonsistayido honey ot phastharayiy iy decreasing
dopendent s A e e e o e 27

compounds that also |delePEHEReBEREcacisPhardistvartiebusiFistaddimtadeices
described hggeif. (PRECOYEABBST SRNilgwationfupdires of suchaheimegicaments.are
contemplated. lllustratively, the mixture may be of a TZD insulin sensitizer or PPART agonist and a
biguanide'ncrease the efficacy of insulin therapy by slowing either the pancreatic and/or intestinal

15 hydrolysis of complex carbchydrates to glucose.

In another configuration, the other medicament is a sulfonylurea, such as Amaryl
glimepiride (AMARYL, Aventis), glyburide {DIABET A, Aventis), ghipizide (GLUCOTROL,
Pfizer), and like insulin secretagogues. If is appreciated that sulfonylureas may increase the
efficacy of insulin therapy by increasing the amount of endogenous insulin secretion, such as

20 from pancreatic beta cells. In addition, sulfonyhuireas may increase the efficacy of insulin
therapy by increasing the sensitivity of peripheral tissues to insulin.

In another configuration, the other medicament is a meglitinide, such as
repaglinide (PRANDIN, Novo Nordisk), nateglidine (STARLIX, Novatis), and hike insulin
secretagogues. [t is appreciated that meglitinides may increase the efficacy of msulin therapy by

25 increasing the amount of endogenous insulin secretion, such as from pancreatic beta cells, by
blocking ATP-dependent potassium channels.

In another configuration, the other medicament is an agonist of a peroxisoms
proliferator activated receptor (PPAR) such as PPARYy. In one embodiment, the PPARy agonist
is a thiazolidinedione (TZD) insulin sensitizer, including but not limited to pioglitazone

30 (ACTOS, Takeda), AVANDAMET (GlaxoSmithKline), rosiglitazone maleate (AVANDIA,
GlaxoSmithKline}, phenformin, buformin, and the Hke. It is appreciated that TZD msulin
sensitizers and other PP ARy agonists may increase the efficacy of insulin therapy by decreasing
insulin resistance or msensitivity in peripheral tissues and in the liver, resulting in increased

insulin dependent glucose disposal and decreased hepatic glucose output. It is appreciated that



5 such as metfomiin mixed with rosiglitazone maleate (AVANDAMET, GlaxoSmithICline), and like
mixtures. It 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 intestinal
absorption of glucose may be included alone or in combination with T7.Ds. It is also appreciated that
other drugs that improves insulin sensitivity by inctegsing peripheral 10glucose uptake and utilization
may be included alone or in combination with TZDs. In addition, the mixture may be of an incretin
mimetic orcittopetindaribddgl@ndca BRRmidedorsatfonyhayde, swehiasexdénatideladixethavithinaetformirt
or glimepiride, and like:mixtures. In addition, the mixture may be of a biguanide and a sulfonylurea,
such as metformin mixed with glipizide (METAGLLP, Bristol Meyers Squibb), and like mixtures. 15In
another configuration, tHeabtHedr siadicarmient Isiatswschavidesbachelicarytatayonotcamtalog thereof.
Itis appregigted ihakduring insulingarministration, with g@&ﬁ%&ﬁ%@gw%%%%m BE%E&QM e
desirable or necessary to moderate andJor lessen the impact of insulin administration that may result
in hypbgly B B RYBO A EEE BN BROTE A SO A i RS B atiSh of such a

saccharideiieayhereontrellgshRyithe: basakneP funstipnsabthe davicen.dascibedibaraim.or
alternativ%la/ Ely the_bolus Emotions of the dﬁ\g ?s Iolescribed herein, For example, in one illustrative

embodiment. (58 s BBt St HORSH - h oG FRBIRTE OO S I Ha8% being treated
may initiatieerdactusiagtiminidisativio0b flvb:saechayide ithsdan drist 0o thtbah theidns et f TEpoglycemia or
a hypogly e ' 1 ition e.determi usirllw 2Ny ¢ nventional method of monit rgg
blood-glu&gﬁe%%?g%ﬁ% tﬁrgi%r%a%ﬁltl e%@“r%;tq ﬁf%i?én(? tgo %ﬁg%%—b%%%%%@%é%ﬁaaﬁ%g Iﬁ?él.%ln c‘%ne variation,
the di¥set BfpgasOHlkermd viilizypoghicesiisborndrioncrmair bentstetiminedibiAhe gatidntirough
training, apd/ok.@XRETILNEE IR AL SRONIA RERSIAIR iﬁ%@ﬂ%dé‘%@%%ﬂf@e%@%ﬁﬁ%ﬁ}@ or a

hypoglycemic condition. It is further understood that in other configur s, it Is less desirable to have

any sustaiffeh 18 FERB s Esgb I SHmiHRETIR On 2imeniikie i Branaratoriorddigw@ntbodiment would
incIudehbdﬁﬁt&(édﬁﬂy%%@ﬁmgxﬁﬁﬁﬁ@é&@s@ﬁdﬂﬁtﬁéﬁpfﬂ&i%"s ﬁi@t‘fﬁﬁ%&fﬁ ﬁ%&tﬁ( aﬁ@;cgmﬂiﬂéation- |

In another, confi jon, t er medicament js insulin-like growth factor (IGF) 1 or 2, or an analog
or derivat@ﬁ?l\fgrg@gt nﬁ&%ﬁé@?’f{é %@G@%{%WWZ may be administered with insulin, or
analégs thereof, to dedreaseHay pagigeertiia ahdiahhypatibeemidscondiianddhatmay be caused by
insulin administration alone. IGE-l1 and IGE-2 bin insulin. -.28 - receptors, put wi uch lower
affinity Lot i%r%fh%?%%%h%s’?%f a %&Piﬁ?ﬁ%&%&v@”ﬁ%&?&% ?@%@“ﬁ?ﬁﬁ%ﬁ t‘ﬁ‘a%a 8 in, Without
being bOLﬁﬁﬁ’iWﬂ}@m&hﬁ_ﬁ lesigdestthed-atinhivistrationsof 1IG Rl ort@R.2y brsam drdlogeor derivative
thereof, may.decrean- Bl SeRs i ARd Inars5oRe. may decieaseeReteRtaldar the onset of

hypoglycemia and/or hypoggcemic 5conditions caused by insulin‘administration. It is understood that

IGF-1 andWdier 2upesgigied Sauiyersarmiss asior pig o tartshipiss manbsisarimdiediudberdingl, ligand

conjpgatesafiléak ok ardidGke?d andihei-AnalesaiRBlsn sontemplated hessin Suchdigand
conjugate(?sg%%%%]geaseﬁhe over% bioavailability of the IGF-1 and IGF-2, or analog thereof that is

administe Bl HEPARP Tolh Mot EERtGRPRITH the AR A RBERE Sh TR Y B BiEtide, or

an analog@r a hypoglycemic condition, the patient being treated may initiate a bolus administration of the

saccharide. It is understood that the onset of hypoglycemia or a hypoglycemic condition may be
determined using any conventional method of monitoring blood-giucose levels, including but

25 not limited to blood-glucose strips, and the like. In one variation, the onset of hypoglycemia or
a hypoglycemic condition may be determined by the patient through training, and/or experience
in recognizing certain symptoms indicating such hypogiycemia or a hypoglycemic condition. It
1s further understood that in other configurations, it is less desirable to have any sustained levels
of glucagon administration, and therefore one variation of this embodiment would include bolus

30 delivery of the saccharide as the primary or exclusive route of administration.

In another configuration, the other medicament is insulin-like growth factor

{IGF) 1 or 2, or an analog or derivative thereof. It is appreciated that IGF-1 and/or IGF-2 may
be administered with insulin, or analogs thereof, to décrease hypoglycemia and/or hypoglycemic

conditions that may be caused by insulin administration alone. IGF-1 and IGF-2 bind fo insulin



thereof. It is understood that in endogenous insulin production and metabolism, pro-insulin is made in
the (3-cells and once release it is cleaved by peptidases to release the C-peptide fragment. Finally,
carboxypeptidase E produces the mature insulin by truncating the terminus o the B-chain. It is
appreciated that C-peptide may be co-administered with the insulin, or any 15analog or derivative
thereof, as the second medicament. Without being fpund be theory, it is suggested that C-peptide is
useful in regulation of glucose metabolism and also in other biologically important processes, and
therefore, tbe-pormplate.ohnaanhcomplensniacementiefiendogencisinsulio. witheexegengils sources
may lead t undegsirable level of C-peptide..For ex le, neuropathy is a co-morbid pathology that
may accor it AL EP SR DR DB GRS S 5 ioh SPETT E0< AgRRaS . Thus, it
is suggesteflltiat Criahtidlendmimkipaticizinaytr datroslinopathy cdecreabe thesipragression of
neuropathy, o1 delay, orball sanselolneyrapay. Ik apereciaied that e devices described
herein may lead to better patient cpomp lance than conventional metho s, intluding conventional

methods therdictuseasiiviiststig Mopaptidedsy IhjectidrrsoBintbeid @spentd thd"Cpeplide, or analog
or derivatiyg?]}@g,r 5Qin B A AMINISIGFEQ thEePatieni aladatia olabaut 1k pR %@%&é@%@%@iﬁ;@m pared to

the insulin, thus mwrormg@the endogenous condition in healthy patients. In another aspect, the

C-peptide 28 Kb o Heinammiretnaredso outrmmrtd By (8 tha JatisMd AR HISSs than 1.1 on a

molar basigGemparestednsiisuisilntbistatierembodimrent:ibis: wedpsstopgdhat levels of C-peptide
i d as high as those of insulin to treat diabetes and associated

may 30not need to be maintajn
conditions?‘qﬁ”é’b%ﬁ’ﬁ%cﬁ?ﬁt %S‘fﬂ%’(‘fgl%%%la that C-peptide administration may lead to a plateau effect, and
accoidingly, patient neédsdah&-epidatnaytbectieasecdverniimes Thuptiiethisialheshate aspect, the

C-peptideté)@%%@glg%% %rit\(/)%g\{gamﬁre%% f is adminiﬁtered Jo %he afi nt a%) gsrr%,ti&of about 4:5, about

f e
CHOUS IMsun produciion me O-1051115) 1S | .o
3:4, about or about on a molar basis compareopfo tﬁe insulin. - n aaémon, it is

appreciatadagrantiougetianideygeirdeem Bodsentdityareptitasse tortkease diediremtid: C-peptide, or an
analog or ﬁ@é&%@ﬁ%!%ﬁ&ﬁ??émw@%é&m@W&E&%M@I&&ﬁ@@g@%&&&g%@%@%ﬁn one

variation, devices are selected that include a single needle, whereby both medicaments 20, 22 mix

prior to adifiristFationtt i ZirseriBiafdhatlom B BRYE b eosRIBLEHEIRAMTHE i tWE b IORTEk needles,

whergsat leagh e efsiaheedias Aredesaisd Reaximalty. tothroether dhds:alpning Rothis
medicaments 20, §€§#nix immediately, or so%n, afte %gministrai;ion at the sjte of entry into the patient.
In anotherg‘é%?f‘ﬁ&ﬁ% AR b A B R SRR AR A RS B934 8 BEthe AT YETive compounds.

In one aspect;dhel Britsinteciive cempountsardoaatibacteridbagenisy suclpbasyenicitinsand related
com pOUU}%ab” %l?e‘%'{é‘%é"u {R%%&P&I%me%b&s‘?‘%%’a QENEmS) SaRD %50%%@{%%1@?9%8#Ef%erﬁnu‘%gf’%‘%?tamS’
polypeptides, @minoglycosides, glycopeptides, vancomycins, macrolide anfibiotics including
erythromyeinsiptpuinaiometsislfioramided prebeogeliheispandctioefikey diabetes or other diabetic

20 conditions or condition of glucose dysregulation. Thus, 1t is suggested that C-peptide
administration may treat neuropathy, decrease the progression of neuropathy, or delay or halt the
onset of neuropathy. It is appreciated that the devices described herein may lead to better
pattent compliance than conventional methods, including conventional methods that include
administering C-peptide by injection.

25 In one aspect, the C-peptide, or analog or derivative thereof, is administered to
the patient at a rafio of about 1:1 on a molar basis compared to the insulin, thus mirroring the
endogenous condition in healthy patients. In another aspect, the C-peptide, or analog or
derivative thereof, is administered to the patient at a ratio of less than 1:1 on a molar basis
compared to the insnlin. In this latter embodiment, it is understood that levels of C-peptide may

30 not need to be maintained as high as those of insulin to treat diabetes and associated conditions.
In addition, it 1s understood that C-peptide administration may lead to a plateau effect, and
accordingly, patient needs for C-peptide may decrease over time. Thus, in this alternate aspect,
the C-peptide, or analog or derivative thereof, 1s administered to the patient at a ratio of about

4:5, about 3:4, about 2:3, or about 1:2 on a molar basis compared to the msulin.



lllustrative aminoglycosides that may be included in the devices described herein 15include, but at not
limited to, amikacin, gentamicin, kanamycin, neomycin, netilmicin, streptomycin, tobramycin, and the
like. lllustrative carbacephems include loracarbef and the like. Illustrative carbapenems include
ertapenem, imipenem, cilastatin, meropenem, and the like. lllustrative cephalosporins include first,
second, third, and fourth generation cephalosporinsgsuch as cefadroxil, cefazolin, cephalexin,
cefaclor, cefamandole, cefoxinn, 20cefprozil, cefuroxime, cefixime, cefdinir, cefditoren, cefoperazone,
cefotaxime, cefpodoxineaddfiazidinepsaitimitemacelizoximeasaeliiiaxansaetepimerand the like.
IIIustrativeSQggr%%ljidcgcs: gggigtrpsaé(_begr%cluded in the de{yic.egidest ribed herein i%(_‘:_!udet, bgt at not limited
to, azithromycin, crari romycm,pgﬁl]t ?’o%%i%r}ae%tﬁo?ﬁ%lrlf;reroﬁ Ordrrr?ﬁ S 21015 on%l%}ﬁ, and the
like. llustratives giycopaptides:thet irayihannokdethin Sthe devicesldeat fibe théiedein dhglade
teicoplanin. yADcoREID «Bi e kel siratve peniglinsinslude AmoKdi, Ampiglily, aziocilin
cabenicillin, cloxacillin,"and the like, and monobactams include aztreonarn, and the li e, Tlustrative
polypéptidisinse tgs Dertridem Lednsatypotyrnrineslem o tisec i deastustwatfraduinsibsescincludes
ciprofloxagip,:enersacin. oA ax Ry 3N alRxRc LM niiiRXarin: 200 1e ke HinRlalive Sulfonamides
include mafenide, sulfacetamide, suifamethizole, sulfasalazine, suffisoxazole, trimethoprim, BACTRIM,
and the lIREHRFF funistraisrhbe Menbertemirfbeyerf’t doxycyciine, minocycline,
oxytetracycline, tetracyiglinesanddhedikaicplithether Mdskativerantibiatics thatmay Beringiyded in the

devices de%cribed herein include, but at not limited to, arsphenamine, - 30 - chloramphenicol,
floramphenicar. 8lfﬁgg’r%%€%‘, RARBRESE %%%'mnﬁ'ﬁfgﬁ?@ﬂ& TSR SR iétBhidazole,
nitrofGranseipgmiddingimd péatii comyeiptslithcortiyeinahactherikearbapenertin, andithieseribodiment, the
first and med] 0 e .agonists or antagonists of neurotransmitter receptors. In one
iIIustrativz%(@ggg%?%%?wst #1%3%?%%%%% b%%%ﬁ%y or a %&Zyrﬁ?ﬁgp r‘%ééeéb‘f%?cgénoyr?&s;’ and the second
medicam&rersiiie epdivifes reekigioe anthgonisintgutralived spipnieidesdptoratjoristodtig
antagonistgare described in PCT international application serial No. PCT/US2004/043145, the
disclosure of which is incorporated herein in its entirety by reference. In one aspect, the dopamine
agonist is selective for{HEHGYaRHRCESESeidepter Rrahbineidepariies s HhisEOMist is
seletsive fetitde, dapamnabiztacepiokatin, gentamicin, kanamyein, neomycin, netilmicin,

streptomycin, tobramyein, and the like. Ilustrative carbacephems inciude loracarbef and the
like. Hlustrative carbapenems include erfapenern, imipenem, cilastatin, meropenem, and the
Like. Hlustrative cephalosporins include first, second, third, and fourth generation
cephalosporins, such as cefadroxil, cefazolin, cephalexin, cefaclor, cefamandole, cefoxitin,

20 cefprozil, cefuroxime, cefixime, cefdinir, cefditoren, cefoperazone, cefotaxime, cefpodoxime,
ceftazidime, ceftibuten, cefiizoxime, cefiriaxone, cefepime, and the like.

Dlustrative macrolides that may be included in the devices described herein
include, but at not limited to, azithromycin, clarithromycin, dirithromycin, erythromyecin,
roxithromyucin, troleandomycin, and the like. Iustrative giycopeptides that may be inciuded in

25 the devices described herein include teicoplanin, vancomyein, and the like. Iiustrative
penmicilling include amoxicillin, ampicillin, azlocillin, cabenicillin, cloxacillin, and the like, and
menobactams include aztreonam, and the like. Ilustrative polypeptides include bacitracin,
colistin, polymyxin B, and the like.

. Iustrative quinolones includes ciprofloxacin, enoxacin, gatifioxacin,

30 levofloxacin moxifloxacin, and the like. Iilustrative sulfonamides include mafenide,
sulfacetamide, sulfamethizole, sulfasalazine, sulfisoxazole, trimethoprim, BACTRIM, and the
like. Hlustrative tetracyclines include demeclocycline, doxycycline, minocyeline,
oxytetracycline, tetracyciine, and the like. Still other illustrative antibiotics that may be

included in the devices described herein include, but at not limited to, arsphenamine,



10is appreciated that the co-administration of a dopamine D2 receptor antagonist may enhance or
improve the efficacy or overall benefit of the dopamine receptor agonist, including dopamine D,
receptor agonists. It is also appreciated that the co-administration of a dopamine D2 receptor
antagonist may decrease, ameliorate, or alleviate side effects associated with the dopamine receptor
agonist, including dopamine DI receptor agonists. alllustrative dopamine D2 receptor antagonists that
may be included in the devices described herein include, but at not limited to, compounds of the
formulae: oﬁﬂﬁ@ﬂﬁa@ﬁ%?%@&ﬁ}ﬂm@&nt@m@lﬁﬁ?&ﬁhamﬁfbwmm@%&?ﬁiﬂyﬁf@@e{bﬁ GdnG4ialkyl; Rl is

20hydrogen, acyl, such a kano nzo ivaloyl, andt el like, or an aptio lly substituted
phenyl or EN IB?B? %ﬁ@%’r g{f@ﬁ‘-} § Hléﬁ |sor1y5651(1519en #’ué]r% “chloro,

bromo, iodo or a groupmfaﬂmaxémrmbl@arﬁﬂ:%;&hmh‘&semd%ﬂ&hydﬂdgmmﬁﬁwﬁ@alkm aaaystsach as Cl-C4
alkanoyl, be Z0 ivaloyl, and the like, or an option u xe rotecting
?iﬁtg fa X % sm;ger reéepfhe T%BO a]lgfé%%}\?. t@lg IEQA}(?%%% ﬁ

group, prowc?ga at when Xis a group o olinula roUps I an an optionally be
takenIogetbrofonm dor@HRe orc@i 2ngtots] ﬁkﬂ@wmeeeh@mgeatm@qﬁymemﬁyeﬁmr

ethyleneclpiy R 9NEk BRI R R2r B RAsciT Bis ANAR:AIE-E a8k Adsuppgentl selected

from hydrogen C1-C4 alkyl, phenyl, fluor, chloro, bromo, iodo, and a - 31 - group -012.9 wherein R9
is hydrogéﬁteﬁtaﬁ%ﬂ@§I§§@P€%ﬁﬁi§%ﬁcwfﬁﬁéﬁ§y@§ﬁ%}?@&?éﬂFﬁ(@f BhighHpERLmSubstituted

phenyl or phenax¥HEIREHRY GradR:and &B dﬁ)@&@ﬁéﬁdpﬁﬁﬁﬁemg@mm&hﬁa BHak ahayefluoro,
chloro, br omo, |odo %WHP -OR9 er]ler%n R9is h dro en tl,vs?c%as Cl-Ca aJkanoyl bepzoyl
pivaloyl, alnﬂrﬁgi%‘“i%w ih “hd Rend“g%lﬁn op iohal )?rsu%s?ﬁ’lﬁ%l § rﬁf/ or phenoxy
proté@tmgigagpjpgaprbh@ ithg ¢haﬁazuﬂgagtzgm ef @fmmgnﬁpa recepior antagonist may enhance or

improve the efficacy or overall benefit of the dopamine receptor agonist, including dopamine D,
receptor agonists. It is also appreciated that the co-administration of a dopamine D, recepior
antagonist may decrease, ameliorate, or alleviate side effects associated with the dopamine recepior
agonist, including dopamine Dy receptor agonists.

15 Iliustrative dopamine D, receptor antagonists that may be included in the devices

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

and pharmaceutically acceptable salts thereof, wherein R is hydrogen or C,-Ca alkyl; R'is

20 hydrogen, acyl, such as C;-Cs alkanoyl, berizoyl, pivaloyl, and the like, or an optionally
substituted phenyl or phenoxy protecting group, such as a prodrug and the hike; X is hydrogen,
fluoro, chloro, bromo, todo or a group of the formula —~OR® wherein R® is hydrogen, C,-Cy alkyl,
acyl, such as C1-C; alkanoyl, benzoyl, pivaloyl, and the like, or an optionally substituted phenyl
or phenoxy protecting group, provided that when X is a group of the formula ~ORE, the groups

25 R’ and R® can optionally be taken together to form a -CHa- or -(CH,),- group, thus representing
a methylenedioxy or ethylenedioxy functional group; R, R% R, RY, R, R®, and R’ are each
independently selected from hydrogen, C;-Cy alkyl, phenyl, fluoro, chioro, bromo, 1ode, and a



lllustrative dopamine D2 receptor antagonists that may be included in the devices described herein
include, but at not limited to, amipsychotic agents, illustratively selected from the typical and atypical
families of antipsychotic agents. It is appreciated that atypical 10antipsychotics may generally be
associated with less acute extrapyramid;al symptoms, especially dystonias, and less frequent and
smaller increases in serum prolactin concentrationgassociated with therapy. In one aspect, the typical
antipsychotic agents include phenothiazines and non- phenothiazines such as loxapine, molindone,
anhd the Iik%aéh@ aogmﬁ@a%qﬁ,iéh@c&ag@&adcgntmﬁh{@bo,ﬁiﬂcagmgmp&d@gm,epﬁlwgimﬁke agents, and
others, in ing aripiprazole, 15risperidon . B . ‘
(30500 (6 R S HBHACE RS ARy IRBiRG iy g R i selected from
tetrahydrdsddepyiido-fd, 2iejhyimidingdcsoa)iamisutpikdedsestmdote-(1R2«Mef&chicso-1-(4-

fluorophe -1H-indq1-3-y11-1-piperidinyllethyllirnidazolidin-2:0n nd,the like. P thiazines
include, b%ﬁa%&%%ﬁﬁﬁi%@%#c ifgg%%na%%%éeﬁ%%’ ]gai‘il)oef amngso??%ié%ﬁge)g]p%?gr%r?gg%%&
prochforpebarinendipricizineyisatiditsf nbperozinbsonshienttsi axines nelidag 2obat Erstnot limited
to haloperigoi, pimozide, and thiothixene. Other clozapine-like agents include, but are not limited to
olanzapine (2-methy1-4-(4-methyl-1-piperaziny1)-10H-thieno[2,3- b][1,5]benzodiazepine), clozapine
(8-chloro-11-(4-methyl i piperagiAgRans ribeRsaT e a)ais P prid)2 e tisbided in the devices
(5-[2-(4-diberzelh fldlthiazepinmla lavl irdiBipgraginyiietbaxvethanohs#iprasidensed from
(5-[2-[4-(1,2-benzqisothiazol-3-y1)-1- 25piperazinyllethy11-6-chloro-1,3-dihyd ro-2|—&-ind01-2-one), and
the like. IR SApTACIRRARINGT SRR R A AR SR B g S B AR P used as the
dopaminexr€ipepibstantiagoaisiaescitbadaaneihwitiscaiseap praciateskibal yarponscembindlions of
typical and atypical antipsychotic agents may be used. The devices described.herein may be
contigured e T & S e R e e e e RS )
bioequivaleticiklewsls bommpasable tecormvelivipal drofiy fegents anidnd: thapothinzalgs pdifofmin may be

delivered gl ates, hat.coniplate.{a:ihe cRnyeRionalaiRhiesage:pfR0%:HE0. 48R0 2,000 mg/day. It

is to be understood that the amount delivered by the parenteral routes described herein for the various
devices wilBREANBEc BRI GAIRE bW slofrainthe e 4EUamdT i Ho S BR ATIDET &dfnple, - 32 -

metformin;gay e delivereddmadtl satileRi8elks 1 delisnRmRiial 3 raiadhsl-6areesponds to values
that do not exceed the peak {ﬂasma concentration (Cmax) observed for the raéél%)é%ge form, such in

the range BB E P Ah ut BYRBATE - AtSrk-ARRSR P IRt STiRINE Pe d& 718 &ustained or
basal deligesyoprefile)atrakaiasilgwet tiaaitieQauax iand:beteSpendingdathdaverage value under

the area upder curke (AUIC), such.as 1 the jane fiom about 4 130001 10 bl These and other
values for metoiriin. as well as for other st and JeCBnd medicaments %35 esehbed herein are
found in ardgberautingiyeddnpedfion tualteszpre sentadifiop therivon Wamtipaiotdosziyes fongof such
medi@amgg{%@rgpxﬁlﬁ%' EBE)%‘@rédoi, pimozide, and thiothixene. Other clozapine-like agents
include, but are not limited to olanzapine {2-methyl-4-(4-methyl-1-piperazinyl}-10H-thieno{23-
b][1.5benzodiazepine), clozapine (8-chloro-11-(4-methyl-1-piperazinyl}-5H-
dibenzo[b,.e][1,4]diazepine), quetiapine (5-{2-(4-dibenzo[b,{][1,4]thiazepin-11-y1 -1-
piperazinylethoxylethanol), ziprasidone (5-[2-[4-(1,2-benzoisothiazol-3-yl)-1-
25  piperazinyljethyl}-6-chloro-1,3-dihyd ro-2H-indol-2-one), and the like. It is appreciated that
other typical and atypical antipsychotic agenis may be used as the dopamine receptor antagonist
described herein. It is aiso appreciated that various combinations of typical and atypical
antipsychotic agents may be used.
The devices described herein may be configured to deliver daily dosage amounts
30  of the various first and second medicaments 20, 22 at bioequivalency levels comparable to
conventional drug formulations. Hiustratively, metformin may be delivered at rates that
correlate 1o the conventional oral dosage of 500, 850, 1,000, or 2,000 mg/day. It is to be
understood that the amount delivered by the parenterai routes described heremn for the various

devices will often be substantially lower than the equivalent oral dosage form. For example,



Reference, Thompson PDR, Montvale NJ (59th edition. 2005), the disclosure of which is
10incorporated herein by reference. It is suggested that the devices described herein may be
particularly appropriate for basal delivery, or alternatively bolus 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 expected patient compjiance. Accordingly, the devices described herein
15may be configured to deliver pharrnacokinetic (PK) profiles of medicaments that are not possible
with conventidoahiformylatideis dial iexampleilthe pdakdedleyyBiofirofile gentrallyacgompanying once
a day dosi conv. loyver level sustained release PK profile,.or a lower peak-higher
valley more %]aagéé#\?%§%a%ég%ﬁg%?ﬁg§%§§rge€§?ge§t I[.)ﬁ%?gh yméyﬁé)g\s/%rk%é?gégg%? %%ngﬁéaééént disclosure
arising froMhesedvaribasehestiives Sk dppakamust msdnhethbesdostrived herainay il be noted

that alternative.embogiments o6 the.aRRaraius,andmethads atihsipiesgnt disgigsure may not include

all of the features described yet still benefit from at least some of the advantages of such features.
Those of GIUTREINPERRE i the rrgayesdmd ddbreheidenmums it ientaabns b apsdiatus and

method thatdncorparaie oneLnmoreratibadeatisesaidhe Piesenkaisslosnaans dalkwithin the
[ - 33 - CLAIMS 1.A method of administering first and

25spirit and scope of the present disclosure.
second m%%‘?&gfﬁéﬂ@?%?ﬁ’%ﬁ‘ﬁiéodiﬁ\%ﬁﬁlﬂ%’\%@?&%ﬁﬁrfﬁm& BRRAETRG R BESH Eellvery of the
first medicaimentleyeacid dinfexfinstirasal dﬂvgmeﬁh@fsmhdﬁﬁﬂﬁﬁﬂ@xﬁsm@mﬁida@@amﬁvery of the
oond T S S e e o 0 2t bl
10 imcorporated herein by reference.
It is suggested that the devices described herein may be particularly appropriate
for basal delivery, or alternatively bolus 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 expected patient compliance. Accordingly, the devices described herein
15 may be configured to deliver pharmacokinetic (PK) profiles of medicaments that are not
possible with conventional formulations. For example, the peak-valley PK profile generally
accompanying once a day dosing may be converted to a lower level sustained release PK
profile, or a lower peak-higher valley more frequent pulsatile PK profile.
There are a plurality of advantages of the present disclosure arising from the
20 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 include all of the
features described yet still benefit from 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

25 spirit and scope of the present disclosure.



102.The method of claim 1, wherein the first basal delivery is approximately_ equal to the second basal
delivery. 3. The method of claim 1, wherein the first basal deIivery Is greater than the _second
basal delivery. 4. The method of claim 1,-@8erein delivering the fII‘S"[ basgl 15delivery mpludes
actuating a first basal drive mechanism and delivering the second basal del!ver_y mcludes actuating the
first basal dra/ '\ anism. 5. The method of claim 1, V\_/her_eln delivering the first bgsal
delivery includés actuating a first basal drive mechanism and delivering the _second basal dell\_/ery
includes actuating a second basal drive mechanism. 206.The method of claim I, further including

delivering a second bolus delivery of the second medicament. 7. The method of claim 6,
wherein ?he first bolus deligery is h%eﬁé%feoggaﬁ’ PESEORE Bhardergery. medicamgiyfethethod of

claim 6, wheréimdhésfirstbdivsdalivepyiisi25greater than the second bolus delivery. 9. The

[ [ livering.the.fi us delivery includes actuating a first bolus drive
mechatiom and delvering H SLbeh BolL S el e SIS G e habiatrirve

mechanism and delivering the se us . S aC _ : _
mechanism first basal 1pivEmeentethiod, afotiainng, mdeesaintdelivesing the first balysB0delivery includes

[ ' ' iyeri [ includ ctuating a
actuating a H{g&ggﬁ{gﬂgweﬂ% hanism anéjbdaeshyggg Itl’tleec ﬁecond bc()ilus delivery includes a g

a mg d SeCOon il Ja1nisin, an
second bolus drive mechanism.

delivering a first bolus delivery of the first medicament by actuating a
first bolus drive mechanism.

10 2. The method of claim 1, wherein the first basal delivery is
approximately equal to the second basal delivery.

3. The method of claim 1, wherein the first basal delivery is
greater than the second basal delivery.

4, The method of claim 1, wherein delivering the first basal

15 delivery includes actuating a first basal drive mechanism and delivering the second
basal delivery includes actuating the first basal drive mechanism.

5. The method of claim 1, wherein delivering the first basal
delivery includes actuating a first basal drive mechanism and delivering the second
basal deiivery includes actuating a second basal drive mechanism.

20 0. The method of claim 1, further including delivering a second
bolus delivery of the second medicament.

7. The method of claim 6, wherein the first bolus delivery is the
same as the second bolus delivery,

8. The method of claim 6, wherein the first bolus delivery is

25  greater than the second bolus delivery.

9. The method of claim 6, wherein delivering the first bolus
delivery includes actuating a first bolus drive mechanism and delivering the second
bolus delivery includes actuating the first bolus drive mechanism.

10. The method of claim 6, wherein delivering the first bolus

30  delivery includes actuating a first bolus drive mechanism and delivering the second

bolus delivery includes actuating a second bolus drive mechanism.



