WO 02/ 40122 PCT/ US01U6089 FLUI D DI SPENSER HAVING A RIA@ D VI AL AND FLEXI BLE
| NNER BLADDER Cross-Reference to Rel ated Applications This patent
application clains the benefit of U S. Provisional Application Serial No.
60/ 242,595, filed Cctober 23, 2000, entitled "Fluid D spenser Having A Rigid
Vial AndVepues@1Bre I nner Bl adder", and U.S. Provisional AppPCTH&¢I6089Seri al
No. 60/242,974, filed 5 QOctober 24, 2000, entitled "Fluid D spenser Having A
Rigid Vial And Flexible Inner Bladder", both of which are hereby

i ncorporated by reference as part of the present disclosure. 1 Field of the
I nvention The present invention relates generally to dispensers for

di spensing fluids or 10 other substances and, nore particularly, to a

di spenser having a rigid vial, a flexible bladder disposed within the rigid
vial and defining a chanber between the flexible bladder and rigid vial for
receiving therein a fluid or other substance, and a nozzle and punp assenbly
coupled in fluid comunication with chanber for dispensing fluids or other
substances therefrom-1 WO 02/40122 PCT/ US01/ 46089 Background I nformation
Typical fluid dispensers include a container defining therein a chanber for
receiving a fluid to be di spensed, a nozzle and punp assenbly nounted on the
container, and a dip tube extending dowmwardly fromthe nozzle into the
chanber for punping the fluid 5 fromthe bottom of the chanber, through the
di p tube, and out of the dispenser. Oher known dispensers include a viaj
and a flexible bladder received within the vial. For exanple, U S. Patent

No. 6,062,430 to Fuchs shows in FIG 1 a dispensin containe} with variabl e
v (9| ume FLUID DISPENSER HAVING A RIGID VIAL AND FLEXIBLE INNER BLADDER

Cross-Reference to Related Applications

This patent application claims the benefit of U.S. Provisional Application
Serial No. 60/242,593, filed October 23, 2000, entitled “Fluid Dispenser Having A Rigid Vial
Ard Flexible Inner Bladder”, and U.S. Provisional Application Serial No. 60/242,974, filed
5  October 24, 2000, entitled “Fluid Dispenser Having A Rigid Vial And Flexible Inner
Bladder”, both of which are hereby incorporated by reference as part of the present

disclosure.
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Field of the Invention

The present invention relates generally to dispensers for dispensing fluids or
10 other substances and, more particularly, to a dispenser having a rigid vial, a flexible bladder
disposed within the rigid vial and defining a chamber between the flexible bladder and rigid

vial for receiving therein a fluid or other substance, and a nozzle and pump assembly coupled

in fluid communication with chamber for dispensing fluids or other substances therefrom.



conpensation including a bottle-shaped vessel 2 in the formof a
thin-wall ed, hollow body nade fromsoft elastic plastic, and a reception
container 15 fornmed of a winkle film 10 encapsul ated within the vessel body
2. One of the drawbacks associated with typical prior art fluid dispensers.
i s that id chanber(s) are not maintained in a sub I al airless
conditiaﬁb?ﬁ?g%ghout the storage, shelf |ife and/or usaggkggk?ﬁgQ ?spenser.
For exanple, the nozzles and/or valves used in typical prior art dispensers
frequently are incapable of maintaining the dispenser in a 15 hernetically
seal ed condition. Such nozzles and/or valves allow the passage of air or
other C gases therethrough abackgrpunddefosmatient h t he medi canent or ot her
substance contained within the fluid chanber(s). In addition, such nozzles
and/ or val ves fr dypenat flyid alispesevsaipoiudk esentairee defiting tlggreiai a ¢hembdufirmng t he
storage, shelf life or usage of the dispensers. Another drawback associ ated
Wi th petekim 4 16idspeetpsndes, 4 iidzld Afl paiRidsahnblydhounted og RS Edigihé) AndBY
undergo creep that, in turn, causes seals fonned within the dispensers to
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and/or humdity. As a result, the dispensers are frequently -7 WO 112/10 1 2
2 PCT/disgsnsers1508Je a ¥iahprsca Berible Wadsler saseivad vaihis heentl dior exanplgl Uekpansi on
and/ or contraction that, in turn, cause the naterials of construction to

under gtatentééq. 6,004 Xetal Fuchnghostshe F1Go rpdispatsingéorgaintr with eariatde vollinspenser s
ypically are not designed to address such creep, and as a result, the
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when subjected to such long 5 periods of storage or varying atnospheric
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L0 encapsulated within the vessel body 2.

One of the drawbacks associated with typical prior art fluid dispensers is that
the fluid chamber(s) are not maiﬁtained in a substantially airless condition throughout the
storage, shelf life and/or usage of the dispenser. For example, the nozzles and/or valves used
i typical prior art dispensers frequently are incapable of maintaining the dispenser in a

{5  hermetically sealed condition. Such nozzles and/or valves allow the passage of air or other
( gases therethrough and into contact with the medicament or other substance contained within
the fluid chamber(s). In addition, such nozzles and/or valves frequently allow vapor loss
therethrough either during the storage, shelf life or usage of the dispensers.

Another drawback associated with prior art dispensers is that the materials of

!0 construction may undergo creep that, in turn, causes seals formed within the dispensers to
leak. Many medicaments are maintained in storage and/or on store shelves for at Jeast
several, and in some instances, many months. During transportation and storage, the

dispensers can be subjected to varying atmospheric conditions involving large variations in

atmeospheric temperature, pressure and/or humidity. As a result, the dispensers are frequently
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contents during storage. Such weight loss is believed to be due to vapor

| oss fromthe nedicanent or other fluid-containing chanbers through the

pol yet hyl ene walls of the dispensers and/or through | eaks ot herw se created
in the seals or other structural interfaces of 10 the contai ners. The vapor

| oss is tw@opaliky offset by air ingress into the chanbers.pPiEpPsI/46a89s

and/or air ingress is particularly problematic for dispensers containing
medi canments, such as pharnaceutical preparations or vacci nes, because they
tend to_gdil i : ] ' from
the. cont i o SR AL OA R P BEm RRERI L it TR ORI, Bl SRETRRC
concentrations_ of nedi canent fromone dgse to th ext. 15 Yet .anat her
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cannot reliably maintain the medi canent or other substance contained therein
in an at dispagiserséypidilty @a not designedimeddress susiecretprandiaslagesuliilthe gpsperdese
applications or preservative- free fornulations. The use of single dose

di spensddvsiopdenili@r stHeswibtailalay inpess axiiansipyelobhanemvhtjeqib@ dara long

di spensers. In addition, the preservatives used in many nedi canents, such
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in patients and difTate the effect of the nedicanént oh the patient.
Anot her ..drawback of prior art dispensers . he.ul | age. or ."dead space”
i nher enqlsﬁeﬁs?ﬁgﬁveg?efgéﬁggpgo iﬁSF ige VeSR 4 %n@ ngﬁﬁfg.tllﬁ\)é’ﬁ’%%%f&ihglénent s and
other fornulations contained wthin such di spensers are_suspensions. The

ul | age GRICHEHIEGat2gs Wohopyaly 1985 1pbIAIISHL? 66RO YaReT Mss diomathe di spensers
al.l ows the solutes or other solid conponents of such suspensions to form
{edi nenteditmneitor ofec Ausktditiinigg ohambers duspgntieqrsyadhylenewalihe tredi canent s
or other substances contained within the dispensers and, in turn, alters

t he nmediigraedt aedlef GFoidhteal @GR sE atdatutl fthaedicanmidr sificRad ineathtandf dose.
5 Anot her drawback associated with many prior art dispensers is that they
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upright or o

and/or air ingress is particularly problematic for dispensers containing medicaments, such as
pharmaceutical preparations or vaccines, because they tend to dilute each predetermined
dosage of the medicament dispensed from the container, and/or cause the dispenser to
dispense inconsistent concentrations of medicament from one dose to the next.

15 Yet another disadvantage associated with prior art dispensers is that because

they cannot reliably maintain the medicament or other substance contained therein in an

~

airtight condition, they cannot be used for either multiple dose applications or preservative-
free formulations. The use of single dose dispensers can be substantially more expensive
than multiple dose dispensers. In addition, the preservatives used in many medicaments, such
20 as pharmaceutical preparations and vaccines, can cause adverse reactions in patients and/or
dilute the effect of the medicament on the patient.
Another drawback of prior art dispensers is that the ullage or "dead space”
inherent in such dispensers allows sediment build-up. Many medicaments and other

formulations contained within such dispensers are suspensions. The ullage or dead space in



fi single orientation. This drawback prevents such di spensers from bei ng
used effectively in other orientations, such as upside down. In addition,
because such di spensers do not nmamintain the nedi canent or other substance
contained therein in an airless condition, they cannot be 10 used in | ow
gravity environments, such as outer space. Accordingly, it is an object of

t he pre§%ﬂ§2HﬁVéntion to overcone one or nore of the aboJ@jﬁgggP?%%d
drawbacks and di sadvantages of the prior art. Summary of the Invention The
present invention is directed to a dispenser for dispensing a fluid. The 15
di spengerpriooaprdisessas nilgvel tHeowbitesgyr clmt saliflicexipohentbbbsidrsuspepusivadton t hi n
the housing and defining an interior chanber within the flexible bladder,

and a e QaiRGRiNdBE. ChRARER1indEHHE SikpbR8ohd EXitd Be Rlcaddglenand die rigi d
housi ng. The di spenser further conprises neans for creating a first
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gases or vapors q?rfgﬁiglto t he flgj d-receiving chanber. In a currently

pr ef er FRRECREHIM; HFREUGHDEHID SR 0t §3%§enti on, the means for creating the
pressure differential is formed by a resilient material of the bladder that
fl exes the bl addémothararwbacktassemratedawith xpmnydatbreondispensars isshat théeeaby
creates the first pressure within the fluid-receiving chanber greater than
the seeRpdigpenssHe enedithnidie of biher dubktaabacdigsined tHdién M adderightBe efteg abl y, the
resilient bladder is nolded in the -4 WO 02/40122 PCT/ USQ /46089 expanded

condi t Li?gle o?f‘%g‘ﬁﬁgﬁ.r gy (?rg%gcl{j?éi/érj@mcgﬁiﬂ%q? rs Wokd bé-irgé]tﬁf]egr%fggtli@ﬁ?% to force

itself to e expanded condition an reby creat red pressure
i'fferential tween the fluid- receiyi. hanmber and. the interior .chanber
St e SBh R ThendR ey s ey FeatURBR drRane sor Pietiris e Pt o Eer
conprises a punp 5 coupled in fluid comunication with the fluid-receiving
chanmbethemedicrumamt /F Ofher pylistance contained therein 1n an ailess condition, they cannot be

10 used in low gravity enviromments, such as outer space.
Accordingly, it is an object of the present invention to overcome one or more

of the above-described drawbacks and disadvantages of the prior art.

Summary of the Invention

The present invention is directed to a dispenser for dispensing a fluid. The
15  dispenser comprises a rigid housing, and a flexible bladder mounted within the housing and
( defining an interior chamber within fhe flexible bladder, and a fluid-receiving chamber

between the flexible bladder and the rigid housing. The dispenser further comprises means
for creating a first pressure within the fluid-receiving chamber greater than a second pressure
within the interior chamber of the bladder to thereby prevent the ingress of gases or vapors

20 into the fluid-receiving chamber. In a currently preferred embodiment of the present
invention, the means for creating the pressure differential is formed by a resilient material of
the bladder that flexes the bladder outwardly toward an expanded condition, and thereby
creates the first pressure within the fluid-receiving chamber greater than the second pressure

in the interior chamber of the bladder. Preferably, the resilient bladder is molded in the
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received therein fromthe dispenser; and a one-way val ve coupled in f
comuni cation wth the punp for allow ng the passage of the punped f
theretl rough and preventing the passage of fluids in the opposite
direction. The one-way valve is preferably formed by a nozzle, and a
fl exi bl e g@yeuo@Yerl ying the nozzle and creating the one-wyrvgéivgosst the 10
interface of the nozzle and cover. The preferred di spenser of the present
invention farther conprises a seal fornmed between the flexible bladder and
the rigid vial for sealing the fluid-receiving.  chanber. The seal includes a
first peeransedeancition eadhiicrmioredtie agsiliend hkadmldwl @heraﬂﬂbWé to fogee fepbleingt t he
fl exi bl e bl adder, and a second protuberance axially spaced relative to the
first 1ﬂlemxpanﬂadrcan@iﬁoaladd extrehydirage tlaeddeairtd pieasvae differartiahbetwene thesfinilace of
the bl adder. The first and second protuberances are subject to radial
comreS%c&r@lﬁq%m Aﬁlﬁhbnﬁteﬁ&a&@n%}%ﬁfaquerfleX' bl'e bl adder and rigid

vial. Prefer the f |rst protuberance extends about an outer peripheral

| uid
| uid

surface of the bI dder an_ou nul ar surface, and the
second. pr ot uber afce iRl ERER Y S Rrh e 8 AFBeRier Bt PRaBtes R fimd

bl adder and defines an |nner 20 annul ar sealin urface In addition, the
first peoiplesendhie compmunistion wabdhe duidiereiying Grmbar faeumprens Buder mat eri al
in approxi mately the direction of the second protuberance to thereby

facil it efceivadhtlrtan fiiongtha didpehsbrs arghd osewhy valve keugee it floil coaddecatioat er i al
creep. The seal preferably further includes a peripheral flange extending

about a{amq@ﬁ‘éﬁpﬁﬂﬁ & allofMgn N‘Qe%&sja@é LRGP 4d Qﬁ%ﬂvfoheﬁ il Brebbifdahe and

subj ect to axial conpression for further sealing the inferface between the

t(;add_er %z%ng f%u(iids 1nad'xe %%%HQ dﬁ? no%erThefo L hgaépxaa entp}.r'éf%xa%w g)? d%&t her

npris ug rece A an open
engageabl e wi t(g z]' ast one of the first and second 5 protubertagces f or
radi al | JoEswprea eﬁ@ HyepP¥Rlnes HiIsdeezie gnd sxpating s gpcay At vhaiiieen t he

flexible bladder and rigid vial. The plug defines at |east one aperture
t het®et hintarfdee ohthfelnoizele and cover.

The preferred dispenser of the present invention further comprises a seal
formed between.the flexible bladder and the rigid vial for sealing the fluid-receiving
chamber. The seal includes a first protuberance extending radially outwardly on an outer
surface of the flexible bladder, and a second protuberance axially spaced relative to the first

15  protuberance and extending radially inwardly on an inner surface of the bladder. The first

(- and second protuberances are subject to radial compression to seal the interface between the
flexible bladder and rgid vial. Preferably, the first protuberance extends about an outer
peripheral surface of the bladder and defines an outer annular sealing surface, and the second
protuberance extends about an inner peripheral surface of the bladder and defines an inner

20  annular sealing surface. In addition, the first protuberance defines a tapered surface for

directing bladder material in approximately the direction of the second protuberance to
thereby facilitate maintaining a fluid-tight seal in the event of bladder material creep. The

seal preferably further includes a peripheral flange extending about an open end of the



comruni cation with the interior chanber of the flexible bladder. Preferably,
a two-way valve of the dispenser is coupled in fluid conmuni cation between
the interior chanmber of the flexible bladder and the aperture of the plug
for preventing fluid comunication between the 10 interior chanber of the

bl adder and the anbi ent atnosphere when a pressure differential across the
t wo- way WQI%9d032¢ | ess than a threshold | evel. The two-way P¢AIVREVESP er abl y
is fornmed by a flexible, annular protuberance extending radially inwardly
froman inner peripheral surface of the flexible bladder, and engageabl e

Wi th afie:dblruigddes uhd adgecdto htigl @nuresdién fob Gy sedinly thé titbrfhe Beveegtween
the flexible bladder and plug. In a currently preferred 15 enbodi nent of the
prese i [Wolz e annul ar protuberance defines axially-opposed
surfagggﬂgﬁgﬁhfgggyﬁynmardly in the radial direction to facilitate flexing
of the protuberag&g Ln res ggse to the Praﬁsgge differential acrass the
prot uber ance exc idﬁge‘fﬁ%og PETEP YO F B ROTYPIRSEY B P UETIFECRYRI bl e

bl adder of the dispenser further defines an open end and a closed 20 end,
and i swithinedsl epebeinded ithearigid [viad gsé ¢ngagedble ivoth atnershaneshhadast andrsdéaridon.  Upon
expansion of the flexible bladder fromthe collapsed condition into the
exgandsdndergicts 7 radibliecdrhgrsssdhethel roniberanced t6 kel ehd/inddrfadefbefveseanh@nnul ar
gap therebetween. In a currently preferred enbodi nent, the annul ar gap
defin [ j i dtih il i d toward
he cl g B e e et B PR WO AR From
-6 WO 02/40122 .PCT/. 146089, the fluid-r. Y hanber upon expansi on of
e bl SREPICR R BB s T b bf aHBE T PRt ARRE B he 11 gi g

-al adjacent to or near the open end of the bl adder, and then
er ogr e¥avy af thedhipsgess is ¢papladgn dlwd spmmunicadomRetacer Heciatarion chaphsrtdidhopen
end toward the closed end of the flexible bladder with further expansion
t her edflexiBlesdadder ant the dpertere wif the plub forebemtieg feidcahmenicaobn bhevedh sipenser ,
the flexible bladder defines an external norphol ogy

10 interior chamber of the bladder and the ambient atmosphere when a pressure differential
across the two-way valve is less than a threshold level. The two-way valve preferably is
formed by a flexible, annular protuberance extending radially inwardly from an inner

peripheral surface of the flexible bladder, and engageable with an annular surface of the plug

to thereby seal the interface between the flexible bladder and plug. In a currently preferred

—
h

embodiment of the present invention, the annular protuberance defines axially-opposed
(’ surfaces that taper inwardly in the radial direction to facilitate flexing of the protuberance in
response to the pressure differential across the protuberance exceeding the predetermined
threshold level.
The flexible bladder of the dispenser further defines an open end and a closed
20 end, and is movable between a collapsed condition and an expanded condition. Upon
expansion of the flexible bladder from the collapsed condition into the expanded condition,
the flexible bladder and rigid vial define an annular gap therebetween. In.a currently
preferred embodiment, the annular gap defines an increasing width in the axial direction from

the open end toward the closed end of the flexible bladder, to facilitate removal of fluid from
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in an expanded condition, the rigid vial defines an internal norphol ogy, and
the external and internal norphologies are substantially the sane to
thereby allow the flexible bladder to conformably contact the rigid vial
and substantially elimnate any dead space in the fluid- receiving chanber

t her ebet weeor/401f2 I n accordance with a preferred enbodi mnentP@iUsoha6(spesent

i nvention, the punp of the dispenser conprises a piston, and a slide for
slidably receiving the piston therein. At |east one of the piston and the
slide i i pr l e relative tq i [ i L -y P is
made oftg%ﬁﬁlg'%f %\Q/’&%y&%a{anﬁ’g?%?neeﬁpa le§ ﬁg{hrsé f"olla éi elr'sﬁ%gé éblgﬂhgtﬂ?gﬁbé |1\§/{%ﬁ?‘€r soft

material,. and the piston. causes a conpression zone of tfkiue slide to flex

out war diiiallp sentaetitheyrgid vid2eiacemdo 5 near thyarsn endgf thmblafdes, and@enr el at i ve

to the other to thereby effect a fluid-tight seal between the piston and
sl i de. prograstavely engages i mgyd tvied irsthedeaidl donetaon febmttheepon duldeéxwindaheratosed al
allows the slide to be forned integral with a nozzle, such as by nol di ng

the twengQFBRNENHBleibladies Witd frthd@ikbansihieiheiddft AgoliltbhedraddncBgdl £ and slide
may be rel eased froma core pin by injecting pressured air therebetween. 20

The s di 055 e;%fbo{! J%,gel,? F’?ﬁ’%b%i sedeg%/eg%k %xﬁﬁ?ﬂgﬁggl drhd énh&fterﬁ%g}éé}o%gl% Jpeans

for™ con I'g exi er to colTapse I'nto a predeterm m
col l apsed condition. .I.n ope . enhodimnent of the present invention, the neans
for cont MdEXRIGeS fendites the pRidrgpl 4afings an g@@ﬂﬂ’é}@@féﬁerq&g»%t £ PYTIIARY| y
into the interior chanmber of the flexible bladder for confornmably

cont actiitegpat hrerphadagibs eetshbdaeallypbnsant teapseby hBowdle fid:nblamdtdder toenbodi nent
of the present -7 WD 02/40122 PCT[USO1/46089 invention, the neans for

g_o nt r olcbhfdgmhblyd@htdtethelipi@bial 885 suten@tialy alihihaed QYdRhLE dpsodiif &eefluid-
iscontinuity formed in the flexible bladder. In accordance w th another

enbodi q&@}vigéglté%ggé}rtg&g%ajegﬁ(enti on, the flexible bladder is capable of

bei ng penetr needl’ e or like injection nmenber for introducing a

10 In accordance with a preferred embodiment of the present invention, the pump
of the dispenser comprises a piston, and a slide for slidably receiving the piston therein. At
least one of the piston and the slide is'reciprocable relative to the other. In addition, the
piston is made of a relatively hard material, the slide is made of a relatively soft material, and
the piston causes a compression zone of the slide to flex outwardly upon moving at least one

15  of the piston and the slide relative to the other to thereby effect a fluid-tight seal between the

C piston and slide. In addition, forming the slide from a relatively flexible material allows the
slide to be formed integral with a nozzle, such as by molding the two components in a single
part, wherein the integral nozzle and slide may be released from a core pin by injecting
pressured air therebetween.

20 The dispenser of the present invention p’referably further comprises means for
controlling the flexible bladder to collapse into a predetermined collapsed condition. In one
embodiment of the present invention, the means for controlling includes a plurality of legs
extending axially inwardly into the interior chamber of the flexible bladder for conformably

contacting the flexible bladder upon collapse thereof. In another embodiment of the present
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5 predeterm ned substance into the fluid-receiving chanber. In this

enbodi nent, the flexible bladder includes a first portion substantially
infusible in response to the application of thernmal energy thereto and
conpatible with the substance to be received within the fluid- receiving

chanber ,m/ﬁhﬁecond portion overlying the first portion %%ﬂ%%& in
t he

response to application of thermal energy thereto. Thus, e sécond
portion enables the formation of 10 a substantially fluid-tight seal between
the flexible bladder and fluid-receiving chanber in a region thereof

penet r #EHLGY. hh@agasfireopiroliing és defjnsed biva legshensraxially Jaegaiedhaaiarent of the
present invention, the second portion is fornmed of either a thernoplastic or
an el adisoomtindty ficeed irathe fleribld bledédradder, including the first portion
thereof, is fornmed of vul cani zed rubber. One advantage of the di spenser of

the present invenjiQBodigndeRAth éxﬂﬁh&re%?o%:dﬁrﬁe&%%é ﬁx%éé%ﬂ%@nti@ﬁ}t%?%ﬂ?@

fluid-receiving chanber and the internal chanber of the bl adder anbi ent

at nospher,e substanti al I. revents the ingress .of air or .other. gases_or
Tapor & BASLREPRTe of bee BPECEI T el Ot esBoh re a5 PR3%iREh: vi ng
chanmber. As a result, the dispensers _of the present invention may nmintain
t hed me@redgieeminedgnbganerintibe flaibescivam diamegr+ Hethes smbodimsnt, dhe flagkle
condition throughout substantial periods of storage, shelf |ife and/or use.

20 Accbtaddagingludehe fditppaitmesubstafitidlneinfirséid e i resporeatio die applcgdornt ofcul arly
wel |l suited for dispensing nultiple doses of non-preserved nedi canents or

ot her gyhshPaEesy fRAb ahd Qomﬁéftf%ﬁél@%uhi the &fbstintt 85 Be 0Bk ivxﬁﬂrin AROfher

advant age of th@& dispensers of the present invention is that the seal.

formed b f] exi bl e bl add d i gid.vial .radiall d_axial |
7T oot e N R AT s ooy ek BBt B RO b fr B e

to persistently maintain a fluid-tight seal regardl ess of any creep of the
mat er i HIS PRHEHPR q».éthg&naﬁrl speepiheseier flhussthe sscopf @origarblss the PrEadre Pén, the
one-way valve enployed in the preferred enbodi nents of the present
i nV@&nt b onbstantiabletinditightiseakbdtiveerf theiftbxible bladder and fluid-receiving chamber in a
region thereof penetrated by the needle or like injection member. In one embodiment of the
present invention, the second portion ié formed of either a thermoplastic or an elastomeric
material, and the bladder, including the first portion thereof, is formed of vulcanized rubber.
One advantage of the dispenser of the present invention is that the pressure
15  differential between the fluid-receiving chamber and the internal chamber of the bladder and
ambient atmosphere substantially prevents the ingress of air or other gases or vapors through
the flexible bladder, or otherwise into the fluid-receiving chamber. As aresult, the dispensers
of the present invention may maintain the medicaments or other substances contained therein
11 an airless condition throughout substantial periods of storage, shelf life and/or use.
20 Accordingly, the dispensers of the present invention are particularly well suited for
dispensing multiple doses of non-preserved medicaments or other substances requiring
storage in an airless condition.

Another advantage of the dispensers of the present invention is that the seal

formed between the flexible bladder and the rigid vial radially and axially directs the material
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receiving chanber in a hernetically-sealed condition throughout the storage,
shelf-1ife and/or 5 use of the dispenser. Yet another advantage of the
di spensers of the present invention is that because the nedi canent or ot her
substance is maintained in an airless condition in the fluid- receiving

chanber, ttwoqmoqeﬂsers may be used in virtually any ori eli; ‘i‘fU’Sﬂl

furtherm)re e used in low gravity environnents. not her advant age
of the dispensers of the present invention is that the erX| bl e bl adder
preferably glefl nes an ext ernal norphol ogy. substanti al mat chi ng the

i nternal RbpAsKGIPletder epersisiangly wagntain adluid-tight seal regaydess P%?HYlﬂf‘?PMf H8der nay

expand and conformably contact the rigid vial throughout the interface

bet ween t matesial dysingdhe sorggeior shelf-lifa pfithe dispemsaralnaddijongthggnear sake t hi n t he
fluid-receiving chanber. 15 Yet another advantage of the dispensers of the
present i employedin theprefeated emboditents whthe padsers inveupdrefirther théintashs derfinidvi cat i on
between the interior chanber of the flexible bladder and the anbi ent

at nospher gecgivitigehbmbeariy a bxeietiodly-whled aseiiticl throaghous tHeatorgeshelfdife ki/ar | or
chanber of the bl adder and anbi ent at nosphere, provided the pressure

di fferent j@lof tiRcdigepsdrNe valve is less than a predeternined level. As a
result, the two-way valve creates a 20 relatively stable m cro-atnosphere

e e
nbi h

o ent, BHRASRE LEsRRMoA 160 AR DSL L EYSA NSRS hRESER Bl ods o

et o et st s ol e s et | e anaron

Bri ef Description.of the Drawings
may be used in low gravity environments.

10 Another advantage of the dispensers of the present invention is that the
flexible bladder preferably defines an external morphology substantially matching the
internal morphology of the rigid vial. As a result, the flexible bladder may expand and
conformably contact the rigid vial throughout the interface between these two parts and, in
turn, eliminate any dead space within the fluid-receiving chamber.

15 Yet another advantage of the dispensers of the present invention is that the
two-way valve coupled in fluid communication between the interior chamber of the flexible

C bladder and the ambient atmosphere prevents any exchange of gases or vapors between the
interior chamber of the bladder and ambient atmosphere, provided the pressure differential
across the valve is less than a predetermined level. As a result, the two-way valve creates a

20 relatively stable micro-atmosphere within the interior chamber of the flexible bladder, thus
insulating the interior chamber from fluctuations in pressure and/or humidity in the ambient
atmosphere and thereby further preventing the ingress of gas or vapors into the fluid-

receiving chamber.



FIG 1 is a partially broken-away, perspective view of an ocular treatnent 5
appar atus having a di spenser nounted therein in accordance with a preferred
enbodi ment of the present invention. FIG IAis aviewsimlar to FIG 1

absent the di r. FIG | Bis a perspective view of t t reat ment
oRpaas’ Persf D3] e

appar at us FIG 1 Cis an exploded view, in pe I've,” of the
ocul ar treatnent apparatus 10 of FIG 1B. FIG IDis an exploded view, in
side elevation, of the ocular treatnment apparatus of FIG 1B. FIG 2 is a
si de el evational vi Oher pbieets gnd advantages ohtheiprasemitinventipnwilhbecome ppparepbing; |

the dispenser of FIG 1 including the punp assenbly, vial and a bl adder and
wher ei n t iewld thefoblowingedeiriled descdptémomnd de¢ompanyihg desvingssi tion. FIG 3 is a

view simlar to that of FIG 2, although the dispenser is rotated 90 Cwth
respect to its orientation in FIG 2, and the punp assenbly is disposed in

an extended position. FIG BriefDescriptibn af therlrasvisgsct i onal vi ew taken al ong
a longitudinal axis of a 20 piston of the punp assenbly of FIG 1. FIG 5

is a front el evati oRHF. lvis epartibllypbrokgn-obaya perspeztiee viwbfien peulq testeenbl y  of
FIG 1. FIG 6 is a longitudinal cross-sectional view taken along Iine 6-6

of FI G5 Sappardts MRirp2d diSPedser Holihie®thbred® @D cortihice with SprafefrédéhBodiment of

cross-sectional view taken along a longitudinal axis of a slide or body of

the punp agSeeRhYin®dntichGS. 2 and 3 and forming essentially the conpression
zone.

FIG. 1A is a view similar to FIG. 1 absent the dispenser.
FIG. 1B is a perspective view of the ocular treatment apparatus of FIG. 1.
FIG. 1C is an exploded view, in perspective, of the ocular treatment apparatus
10 of FIG. 1B.
FIG. 1D is an exploded view, in side elevation, of the ocular treatment
apparatus of FIG. 1B.
FIG. 2 is a side elevational view, partly in section, illustrating in further detail
the dispenser of FIG. 1 including the pump assembly, vial and a bladder and wherein the
15  pump assembly is disposed in a closed position.
FIG. 3 is a view similar to that of FIG. 2, although the dispenser is rotated 90°
(/ with respect to its orientation in FIG. 2, and the pump assembly is disposed in an extended
position.
FIG. 4 is a central cross-sectional view taken along a longitudinal axis of a
20 piston of the pump assembly of FIG. 1.
FIG. 5 is a front elevational view of a tip of a nozzle of the pump assembly of
FIG. 1.

FIG. 6 is a longitudinal cross-sectional view taken along line 6-6 of FIG. 5.
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FIG 8 is a central cross-sectional view taken along a |ongitudinal axis of
a 5 flexible punp cover of the punp assenbly of FIGS. 2 and 3, and
illustrating the manner in which the punp cover extends fromthe tip of the

nozzle to t i vial and is configured to allow reci enment of
t he piston Vgérq;\/‘é@%gd tothe vial. FIG 9 is a central, cr%égﬁgglé Ional view
taken along a longitudinal axis of the Crigid vial of the dispenser of
FIGS. 2 and 3. 10 FIG 9A is an enlarged view of a portion of the vial of
FIG 9 showing a reBiG 7ipaaentiahcpesrseriénnal vew takew plong g langiugingl anisofas F| G
10. FIG 10 is a central, cross-sectional view taken along a |ongitudi nal
axi s of t lskde dibadyiefthe pumh essdinblycaf$EGS .G andl13@@d forminglesserdiabyitheg in thi s
configuration a three-ribbed structure provided to allow the bladder to

col | apse icompressigmzdet er mi ned col | apsed condition. 15 FIG | OAis an

enl arged view of a portion of the bladder of FIG 10. FIG 10B is a highly

enl arged view of a FI@.8Bii9A c&tral &r8ssHeetitel view takbimlodf a lonfgltGdindl bxis o &
cross-sectional view taken along a transverse axis of the bladder of FIG

10. FI&  Hxibfe RmdCRodRI Ay S¥ndIP¥ NGS. b Bnds 09 iRRehii the RN &I
enbodi mrent 20 "of "t he bl adder "of the dispenser of FIGS. 2 and 3 di sposed
t

within th I Qi i i i . 1L SG AT l.ongati on
buffers d?glédggié%pl rf‘g)rﬁlgu éeﬂr;ﬂgvili/g5 ﬁgPpﬁt@gg%zg%gﬁhfggaﬁ%%ﬂsate egtgol | apse
of the arcsg that pass thro t he chords. qof the.respective arcs. -11 WO

02 40125 Bla BeBriAbRauha e m PG i ISR of L he fear pl ug

enpl oyed to close t rear end of the .npner bladder by faormng a

sandw ch-type stru & 152 e5htiah cqu%-se,cp@qagvvwépkeg ng&dpn ﬁ"‘alﬁml?aé‘ls of the
ernetical|ly seal the dispenser of FIGS. 2 and 3. FIG 14 is a sectional

Vi ew of t Figidragiof fredispenseenf BiGSnd apd he 14-14 of FIG 13.

10 FIG. 9A is an enlarged view of a portion of the vial of FIG. 9 showing a rear
mounting portion for receiving the bladder of FIG. 10.

FIG. 10 is a central, cross-sectional view taken along a longitudinal axis of the
bladder of the dispenser of FIGS. 2 and 3 showing in this configuration a three-ribbed
structure provided to allow the bladder to collapse into a predetermined collapsed condition.

15 FIG. 10A is an enlarged view of a portion of the bladder of FIG, 10.

FIG. 10B is a highly enlarged view of a portion of the bladder of FIG. 10.

FIG. 11 is a cross-sectional view taken along a transverse axis of the bladder
of FIG. 10.

FIG. 12 is a schematical view showing, in cross section, another embodiment

20  of the bladder of the dispenser of FIGS. 2 and 3 disposed within the rigid vial and including
elongated discontinuities or elongation buffers disposed in an outer wall of the bladder to

facilitate the collapse of the arcs that pass through the chords of the respective arcs.

-11-



5 FIG 14A is an enlarged portion of the rear plug of FIG 14 show ng
further detail of an annular side wall of the plug. FIGS. 15A-C are
sequenti al side elevational views, partly in section, showi ng the reduction
in volunme Qf fluid and correspondi ng expansion of the bla | e full,
hal f- full %ﬂ&z’gor’rﬁy conditions of the dispenser of FIG ?&I}’g@g"@é{;i vely. 10
FI GS. 16A-C are sequential side elevational views, partly in section,
showing the steps of assenbling the bladder to the vial during
sterilization and fFIG.ilAds otopiplan vigvs pEths egar plog emplaged © clorg there@iaBd of 7 is a
perspective view of another enbodi nent of a di spenser of the present

i nvent i onthelibndfbiaddérdyifernzing e sahdslichviype stnahury betwead the Figiddiialped ser plog td-l G

17. FIG 19 is a cross-sectional view of the dispenser of FIGS. 17 and 18
taken al dagheticaly stA-tAOdiefenkdr Of FIES. F4dnd3. 20 is a cross-sectional view of the
di spenser of FIGS. 17 and 18 taken along line 20-20 of FIG 18. 20 FIG 21
I's a perspective Vvign. qh istei"éécﬁ&ﬁ[vie{vltﬁ‘t@reér%xg‘ihl%d%iﬂllﬁ%ﬂir@ﬁ4ﬁ'4@fﬂ@:13. FIG 22

is cross-sectional view of the rear plug of 'FIG 2 IG 23 is a partial,

enl arged cross- SeCtileﬁjhA‘{é ﬁi’\érﬂérgt%d;for{i&%ftﬂé 1ok c@f’%gﬁ Eishoﬁi&%ﬂg&?mo?/ 40122

PCT/ US01/ 46089 Fig. 24 is a par Cross-se nal” vi ew o

axi al | y- exf.endi | .adj.al | rojecting legs of the rear plug of FIG 21
illustrat ?%tgﬂgtée}g?ﬁg% %ﬁéej{nglhg%%lglpﬂi(%nf ormably engaging the legs in the
pr edet er mi ned col | ed ition. FIG, 25 is artial, .cross-sect.i onal
view of the |egs o?p@$e1$‘§'gfarﬁﬁweﬁ% sidg e@vﬁlﬁ’a@rﬁ?% Ry I $e5HOR- ﬁlgovﬂp%dder in
th ded dition.

© ex panth% rec?u?:tr}oﬂ inI v%?ume of fluid and corresponding expansion of the bladder in the full, half-

( full and empty conditions of the dispenser of FIG. 1, respectively.
10 FIGS. 16A-C are sequential side elevational views, partly in section, showing
the steps of assembling the bladder to the vial during sterilization and filling of the dispenser
of FIGS. 2 and 3.
FIG. 17 is a perspective view of another embodiment of a dispenser of the
present invention.
15 FIG. 18 is an end elevational view of the dispenser of FIG. 17.
FIG. 19 is a cross-sectional view of the dispenser of FIGS. 17 and 18 taken
along line 19-19 of FIG. 18.
FIG. 20 is a cross-sectional view of the dispenser of FIGS. 17 and 18 taken
along line 20-20 of FIG. 18.
20 FIG. 21 is a perspective view of the rear plug of the dispenser of FIG. 17.
FIG. 22 is cross-sectional view of the rear plug of FIG. 21.

FIG. 23 is a partial, enlarged cross-sectional view of the rear plug of FIG. 21.
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FIG 26 is a cross-sectional view of the flexible bladder of the dispenser
of FIG 17. FIG 27 is a partial, enlarged cross-sectional view of a
portion of the flexible bladder of FIG 26. 10 FIG 28 is a front

el evational view of the integral nozzle and slide of the dispenser of FIG
17. FI G 29WPH2/40123 oss-sectional view of the integral nozﬂqﬂgﬂﬂ“@ﬁ de taken
along line 29-29 of FIG 28. FIG 30 is a side elevational view of the
integral piston and rigid vial of the 15 dispenser of FIG 17. FIG 31 is a
partial, cross-sectFigna4isv ptiadfcrdseaedtiohalgiear ofths uxinllpedendigy ahdwadidllyef C
FIG 30. FIG 32 is a cross-sectional view of the flexible nozzle cover and

bel | ows ofprojédiiag tgs RE BegEarplugrdfBIG 1. illdéraihSthe IR xible BladdePesnfea@blyonal vi ew
of anot her enbodi ment of the di spenser of the present invention including a

reseal abl %n@iéiﬁétﬁ@le%@iﬁﬂﬁ@pfe’d@%ﬁzﬁh@d Qiapd8oddfiod nserting a needle or like
i njection nenber therethrough to fill the dispenser with a nmedi canent or

oo surLarce, pfoblen i LacAsrth T e IR Baprl oot o
e T
Sroun Senerl Y SRR et b B S B o 1"

FIG. 17.
FIG. 27 is a partial, enlarged cross-sectional view of a portion of the flexible
( bladder of FIG. 26.
10 FIG. 28 is a front elevational view of the integral nozzle and slide of the

dispenser of FIG. 17.

FIG. 29 is a cross-sectional view of the integral nozzle and slide taken along
line 29-29 of FIG. 28.

FIG. 30 is a side elevational view of the integral piston and rigid vial of the

15  dispenser of FIG. 17.

FIG. 31 is a partial, cross-sectional view of the integral piston and rigid vial of
FIG. 30.

FIG. 32 is a cross-sectional view of the flexible nozzle cover and bellows of
the dispenser of FIG. 17.

20 FIG. 33 is a cross-sectional view of another embodiment of the dispenser of
the present invention including a resealable portion on the flexible bladder for inserting a
needle or like injection member therethrough to fill the dispenser with a medicament or other
substance, and allowing the needle holes to be sealed by application of thermal energy

thereto.
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5 may be generally U shaped in cross section, and defines an interior cavity
14 and an eye <cover 16. Atrigger 18 is pivotally connected at one end 20

to the housing 12 via a hinge 22," and includes at the other end an arm
portion 24 deflnln a slot 25. As shown best in FIG 1A, _a pin 26 of
wheel 27 i VOIXMIY secured within the slot 25 and the whEEUSHHAPR

rotatably nounted on the interior wall of the housing 12. As best seen in
FIG 1, the trigger 18 is 10 eI ongat ed and conpri ses f| nger grooves 28 for a
confortable fit with, Betgiled B e imbghmenrtsmat el y L- shaped
spring arm30 is f|xedIy secured at one end to a post 29 projecting
inwardly fromthe imtFGi brthevalid shotvniahectlarisiimen @ypacets & that egyrtiengedimm
defines a knee or bent portion 31 (shown in phantom engaging an interior
surf ace otodjinetion with @rdish8nser,ahowm génetdly aniD, dvaceoglageabitietheiptedsend ri m 34
formed at one end of the dispenser 10. An eyelid 15 depressor 36 is

pi vot al |y jfentine AsliterPinF1GSE1 88 18, thd@eabiéht @ppardles Hestapiies 4 BorHigdoghit to the
eye cover 16, and includes a hook 40 fixedly secured to the mheel 27 for

pi vot a Iyg{gg% ggﬂe} U@Hﬁe%i% 85 RSRA! ardRRAnAG AL HLaVF 14 bl In

use, ver is placed a jacent to the tissue surroun |ng the eye

wih the g e 18 ASHREETEY 5 1SRRI G 6 L3850 HURREN 15 Gl IS 2

cul - de-sac pon quee rlgger epress

rotates in ir of .t he arrow41 and ur ve

dj acont e@eﬁﬁwﬁﬁwﬁm{s@e Eruoh Zracaie el 2y ARshavs bt BEIPHEA eyel i d
depressor 36 |s caysed by the wheel 27 which also_uncovers a nozzle 42
formed at 2PHe6 ofgjvaeeld’ 18 firedly sequeedgyithifihe slot 43 andithe wheghd/is &9tgtably he spri ng
fm 30 forces the rim34 of the dispenser 10 away fromthe fixed nozzle 42
t'o t her ebyroputedren theantprierival ofithehetisingdAs ds bedseenin FIGD, Ge/tigeep 28 is

PCT/ US01/ 46089 described in further detail below Upon squeezing the
triggéd 18longatedznd comprisedifimgbngroaves 28 thir agomietabileditorithp e.g] @ pafiantis hartdne
housing 12, the free end 32 of the spring arm 30 eventually di sengages
itsel f framapprexiimamlph-shhpddsprifg spe3te fixtdly bdvarfedly oficedrdas @ pbhiedext ended

projecting inwardly from the interior wall of the housing 12, and the spring arm defines a
knee or bent portion 31 (shown in phantom) engaging an interior surface of the trigger 18,
and a free end 32 engageable with a rim 34 formed at one end of the dispenser 10. An eyelid
15  depressor 36 is pivotally mounted by a hinge 38 to the end of the housing 12 adjacent to the
eye cover 16, and includes a hook 40 fixedly secured to the wheel 27 for pivotally moving the
eyelid depressor upon actuating the trigger 18.
In use, the eye cover 16 is placed adjacent to the tissue surrounding the eye
with the eyelid depressor 36 engaging the tissue adjacent to the ocular cul-de-sac. Upon
20  squeezing the trigger 18, the eyelid depressor 36 rotates in the direction of the arrow 41, and
in turn moves the tissue adjacent to the eye to expose the ocular cul-de-sac. Rotation of the
eyelid depressor 36 is caused by the wheel 27 which also uncovers a nozzle 42 formed at the
adjacent end of the dispenser 10. Simultaneously, the spring arm 30 forces the rim 34 of the

dispenser 10 away from the fixed nozzle 42 to thereby prime the pump of the dispenser, as

-14-



di spenser fromthe spring arm As a result, due to the resiliency or
spring-like nature of the 5 nozzle 42, as described further below the

ext ended di spenser contracts or noves back toward the nozzle and, in turn,
rel eases a m ned dosage of nedi canent (or other s fromthe
nozzl e and‘?%?gE%%% ocul ar cul -de-sac of the user's eye. ¥E2ﬁ?&@§§ﬁ t he user
renoves the ocular treatnent apparatus 8 fromhis or her eye and rel eases
the trigger 18, the_ spring arm30 automatically returns to its original or
resting pdsrakedin futhendsisl ﬁ?qxow Epon sqpeezing[the trigges lrﬂe@lééﬁﬁewn@ﬁglagi ng the rim
34. The force exerted by the spring arm 30 upon returning to its original
posi ti on eytendingthe digpangerd 0jwithin thedovgies:12, B freg enh 82 of the spriegvrapibsi t e t hat
of the arrow 41 and, in turn, causes the eyelid depressor 36 to return to

i ts ori gievahtuplhydisergagesatself fhmvthe rifi 4 afthel dispenser tt thenaby eabgnae the estendsdt hen
ready to di spense another predeterm ned dosage of nedi canment or ot her
liquid codispensedrobdbe epring abim. Ashieresiti diepto s refilieneytlo sprinpeliitematiie affthar at us
that may enpl oy the dispenser 10 are described in U S. Patent Nos.

4, 981, A7%H0K 40, A3Rscidid fuhet Pelow Stha EabHIRE dishéhstt®ntrdtS 6106 R:s Bhck tBRardr esent
invention and are hereby incorporated by reference as part of the present

d\ scl 0sul o n6LROLEY Ak, re?e%ségaaxefprp&térﬁmg o oPhediBnn Rl el bitRfakoeg k| 1 1 110

the pertinent ar sed on the teachin rein, spensers of "t he

present | SYSTRL 0T o (8 ol S 0Bl BB Sl egent apparatus

or systens ing an nsi n canents oOr other
fluids, liquids,or other substances, contained therei such as sal

| nhal of . TCROVES e heplet AP IEARBATANS & B3 of RE 1P SROTEPeS16e MEeeIonlle par t | y
ifgh cross section to illustrate the internal conponents thereof. The

i spensersPIine pen 3@ Aupmetically yetiumg tq degriginal or ipghing positien os rowninbliG-deBdo i n
outer configuration and conprises a punp assenbly 50, a generally rigid vial
52, ald cthe %rleemd&?eeugam@e 18434 § opriadiby the spaing armlg}pdlp@mmg 55 of
the vial. The punp assenbly

to its original position also rotatably drives the wheel 27 in the direction opposite that of the

arrow 41 and, in turn, causes the eyelid depressor 36 to return to its original position, as
shown. The ocular treatment apparatus is then ready to dispense another predetermined
dosage of medicament or other liquid contained therein.

L5 Other examples of ocular treatment apparatus that may employ the dispenser
10 are described in U.S. Patent Nos. 4,981,479 and 6,033,384, which are assigned to the
assignee of the present invention and are hereby incorporated by reference as part of the
present disclosure. Accordingly, as may be recognized by those of ordinary skill in the
pertinent art based on the teachings herein, the dispensers of the present invention may be

20 utilized in any of numerous different apparatus or systems to facilitate holding and dispensing
medicaments or other fluids, liquids or other substances contained therein, such as nasal
inhalers.

Referring now to FIGS. 2 and 3, the dispenser 10 is shown partly in cross

section to illustrate the internal components thereof. The dispenser 10 is generally cylindrical

-15-



50 conprises a piston 56 for discharging predeterm ned doses of nedi canents
or other substances contained within the fluid chanber 55, a slide or body
60 for slidably receiving 5 therein the piston and defining a predeterm ned

dosage cha r ebet ween, and a punp cover 62 form ng zle 58 a
H gl Hsiteds

one-way va e dispensing tip, and a spring-like be or  all owi ng
either the piston or nozzle to be noved toward the other to eject a dose F
of medi cament or qt her, substance through the nozzle, and to _force either the
pi ston or 1f Aer ¢ppdigpiatianagd omprises Aepustthassemblp A0 g cagd iy geididal seemdiaer ni ned
dose. The nozzle 58 10 hernetically seals the dispensing tip of the

di spenser flgniblapladdes 54 Hisppdpatinronipio dhvichehamber 3t afdhe wal sEhepemptaszemblishr ough.
Referring now also to FIG 4, the piston 56 nay be conposed of any durable
and nol dalb0eomptisesiagistos 66 for disclaargihg ptedetesnibst dusessofamediicapreefser atheyy, t he
material is suitable for wuse in connection with nedi canents. A suitable

mat eri al isgbstarkcey\coheisddtwithie the gty dander 5B e side @ibslp60 il sidabpf jedeiding base
portion 64, an elongated portion 66 extending fromthe base portion 64, and

a cent isal RQEiR thiBpikbh GRd definid} d drodefermET\dBLE8 EhBibeytHelebbfieABind alplikthd

chanber 55. The base portion 64 is generally disc-like in outer
configuratjon, . i 1 i I _ nti ng
porti on 78078 6 TBMREE WAL o355 36 GROGE) Yl i R chiing 3R, ARApRAR TRT
spaced in dlyve.relative.to. the first annul ar gr.ove .and 20 surrounding the
hiet - end TBpOv ok B R el aon Seto-RB N e Y P a8 U R o 1o
engage, e.g., .Jn a snap-lock manper, the vial 52 definjng a.correspondingly
di mensi on& megicament, oL o eéﬂ@’étal?@ ‘F@Pé‘ tLr‘?)“."Z%A% agi[g\,ggrqe i r%ae BistoR ARy nt i ng
pgr tion 72 and first annular groove 74 receive an annular flange 80 and rib
82, respe®PrAlevyay Fomitheotheripor mleaping thegredetermingd dosep daeeezale 58 £ exi bl e
material, as discussed in nore detail below, and which thereby seals -16 WO
02/ 40122 khermetisaliyispalabe dispeasingtip of theidispenserrandejest the pwiped nERicamentfarr t her
shown in FIG 2, when the piston 56 is

other substance therethrough.

Referring now also to FIG. 4, the piston 56 may be composed of any durable

and moldable material, such as a plastic substance and, preferably, the material is suitable for

use in connection with medicaments. A suitable material is a low density polyethylene. The
15  piston 56 comprisés a base portion 64, an elongated portion 66 extending from the base

portion 64, and a central bore 68 which is in fluid communication with the main fluid

chamber 55. The base portion 64 is generally disc-like in outer configuration, and comprises

a connecting flange 70, an annular mounting portion 72, a first annular groove 74, and a

second annular groove 76 spaced inwardly relative to the first annular groove and
20 surrounding the inlet end of the central bore 68. The connecting flange 70 is configured to

engage, €.g., in a snap-lock manner, the vial 52 defining a correspondingly dimensioned

mounting flange 78 (FIG. 2). As shown in FIG. 2, the mounting portion 72 and first annular

groove 74 receive an annular flange 80 and rib 82, respectively, of the pump cover 62 which

is composed of a flexible material, as discussed in more detail below, and which thereby seals
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assenbled to the vial 52, the second annul ar groove 76 is | ocated adjacent
to the main fluid chanber 55. The second annul ar groove 76 thereby
functions to provide a capture area to receive any gas bubbl es inproperly
di sposed within the main fluid chanber and to prevent 5 the bubbles from
passi ng i ntWOH¥®¥entral bore 68. As shown best in FIG 4FPCTH80I46088gat ed
portion 66 conprises an annular groove 84, a |aterally-extending bore 86,
and a termnal end defining a receptacle portion 88. The annul ar groove 84
i s confi gthe adin finid chrsibes 55 of wial 520 Ay fEitigr sRywn mUdk. Aswhen the pistag S64or  seal i ng
the piston in contact with the slide 60. The laterally extending bore 86 is
in fluid d€entddedtonhevtl 52) thei setont hamdargrosceve 76ds locdi8d adjatenicio heratie flualdj acent
to an annular interior surface 92, of the slide 60 (FIG 3). As shown best

in FI G A4chainbeér 35¢ CRBIsecdnd apfilin B60v8 86 Clerebyi fiediodsito ROV Atapnit bre@f a
tapered portion 95 extending between the annular wall 94 and bore 86, and a

piston s ereée%&‘eean%aé B&btﬁés%ekdwrlyr&*éﬁ&sd\{m% th BafAGRAd &a%&eﬁ&dd@ §fé%1{ied '9 2

nore detail beldow in connection with FIGS. 5 and 6. The annul ar wal |

defl n aﬂlggﬁtﬁ)ﬁélqloﬁnb&gf %b‘&%c%ﬂ&aq%oxje%sd' aneter toward the distal end, and
e

sl i dabl y engages ann Iar interior surface 92 of the slide 60 as

d i bed i I FI G
3, the pi s'tSn”EE;ef R RSP EE ¢ B <G amurraryon @{Wﬁf SRt e hook

portions 97, hoo portiopn 97 define ination wth n outer
surf ace 1@3°V8f gt r@g’gabqr"egﬁaé’é‘l ??En@?g?ndﬁ%n% ad‘é‘é‘?l?'i*‘&ﬁ@&“’i"ﬁ 8
detail 10 beIOW|n con unction with FIG 7, the slide 60|sreC|procaIIy

di sposed Tietannyas greovs &k is codfigugnd to anPlb’Wﬁ ﬁgﬂ PREG: ¥ spabasiea gtrings for ne pi st on
gﬁthln the slide upon actuation of the punp. Referring nowto FIGS. 5 and
; t he nosealing th@pistay ibeontantrpitb ket difle 66y Thallpterably\ext¢ndiap bere 8¢ dbiik, sonewhat
flexible material (in the configuration wherein the nozzle and body are
made b oooenpinéoatdn with die ceatral okt dnd teraifiatdsaldjacan do anammelat inyerios swposed
-17 WD 02/ 40122 PCTI US01/ 46089
92 of the slide 60 (FIG. 3). As shown best in FIG. 4, the receptacle portion 88 comprises an
annular wall 94, a tapered portion 95 extending between the annular wall 94 and bore 86, and
a piston surface 96 for stopping movement of the nozzle 58 as described in more detail below
in connection with FIGS. 5 and 6. The annular wall 94 defines a generally increasing outer
15  diameter toward the distal end, and slidably engages the annular interior surface 92 of the
slide 60 as described in more detail below in connection with FIG. 7.
As shown in FIG. 3, the piston 56 further includes two generally
symmetrically-located hook portions 97, and each hook portion 97 defines in combination
with an outer surface 101 of the piston 56 a respective slot 99. As described in more detail
20 below in conjunction with FIG. 7, the slide 60 is reciprocally disposed within the slots 99 for
allowing relative movement of the piston within the slide upon actuation of the pump.
Referring now to FIGS. 5 and 6, the nozzle 58 may be composed of any

suitably durable, moldable, somewhat flexible material (in the configuration wherein the

nozzle and body are made of one piece), such as a plastic material, and currently is composed

-17-



of a material which has been found to be conpatible w th nedi canents, such
as those materials sold under the trademarks VELEX and LEXAN, both owned by
the General Electric Conpany of Pittsfield, MA. The nozzle 58 is preferably
nol ded of aqne |ece and conprises a truncated, conical- portion
98, and a cﬂvgc‘? ﬁ)odptl on 100 di sposed 5 coaxially with the Sgﬁﬁggﬁ“g%aped
portion and extending radially therefrom It wll be recognized that the
coni cal -shaped portion 98 and disc portion 100 may be nol ded together or
separ at el §f a mpterial ovhichdias berafetndyiorbeicomp8 bl with medisaments,sper asdhepgt er surface
102, a partial central bore 104, and an engagenent portion 106. The parti al
central bmeteridl®dold ender ﬂaxtademarlmVEIEXeand\I@XAMﬂ&th\han bystheliGerersli oned and
configured to allow flexing of the tapered outer 10 surface 102 in the

di r ect i onEleétrit Wempaiyosy Pittéfieldl IMA e ThOGARITE ippreferably hofiled of opiecguneéd t o

mate with the receptacle portion 88 of the piston 56, described above in

connect i ogyn¥irisks Ftfacated, coRiasl- Qﬁ%ﬂrﬂoﬂ??oﬁaoh og %EtaQﬂsc%Fﬂi&fiﬂQO %I@&eaur ation
termnating in an engagenent sur face | lustrated in FIGS. 2 and 3,

br edet or ritkSaoRg tRgRgRal @%ﬁ@%ﬂf‘?&%&%&%ﬁ%ﬂ%ﬁ%ﬁ%@? FaAE, Sei ved
Wi thin #% f e?%a?ﬁmem@?fsalbsﬁap :a eno%ﬂr% %Lﬁgp&n%ﬁ%o nbliﬁr %ld%g tcgg%thltefa rmnate

further cogni varia ume 113

is defined bet he e nt _.sur ace 112 of the no an
bl ston o RFSERAAERE. She ELCRRLREN P%wnxé Cpdies » e ORiEpos 104 ARkt rum
stroke vol une is defined by the maxi num extensi on of the engagenent surface
112 fr om $eRBalfory WY, s angmgagsmentppriien Koo ke partipl esntrgl borg, 04 fedninadesataon 100
génprlses an annul ar nmounting portion 114 for affixably nounting the nozzle
t o t heleparmmlld@$ evhidds dimensionefeang@opfiguay to2llowdkex@p of thedaperedPuésnpr i ses a
slot 116 for the passage of fluid or other substances therethrough. The
mount ithg smofacd K12 id e direogion ofake arova bl Toe ehgrgeemgripmr t06dncahfiumdt a neck
portion 120 di sposed between a pair of annular grooves 122 and 124. As shown
in -18  mate with the receptacle portion 88 of the piston 56, described above in connection with FIG.

4, and comprises a truncated conical configuration terminating in an engagement surface 112.
As illustrated in FIGS. 2 and 3, when the piston 56 reaches the end of its stroke upon
dispensing a predetermined dose, the engagement surface 112 of the nozzle is received within

{5  the guide wall 94 and engages the piston surface 96 to terminate further movement. It will be
recognized that a variable stroke volume 113 is defined between the engagement surface 112
of the nozzle 58 and the piston surface 96 of the piston 56. As illustrated in FIG. 3, the
maximum stroke volume is defined by the maximum extension of the engagement surface
112 from the piston surface 96.

0 As shown in FIG. 6, the disc portion 100 comprises an annular mounting
portion 114 for affixably mounting the nozzle 58 to the pump cover 62 and slide 60 (FIGS. 2
and 3), and also comprises a slot 116 for the passage of fluid or other substances
therethrough. The mounting portion 114 comprises an annular thickened portion 118 and a

neck portion 120 disposed between a pair of annular grooves 122 and 124. As shown in

-18-



WD 02/ 40122 PCT/ US01/ 46089 FIGS. 2 and 3, the annul ar groove 122 is
configured to engage a rib 126 of the punp cover 62 (FIG 8), and the
annul ar slot 124 is configured to engage a correspondi ngly configured
termnal end portion 128 of the slide 60 (FIG 7). As shown in 6, the
annul ar gr %982492 defi nes an annul ar crevice 130, enpl oygﬁTmé‘“é‘m”f or
easi ng assenbly of the slide 60 to the 5 nozzle 58. The slot 116 is

di sposed adjacent to a flattened portion 132 of the tapered outer surface
102, and PH&Ni2omd 3f theiadndargromied 3R isosenfigwrd towngegerd abl 26 efithopenmpyedvent? 113
through the disc portion 100 to the tapered outer surface. As illustrated
in FI G 7(FIGh8),ahd the afifulataldt N24 isaohfiguredito dngape asmnerespoydingly confipoaid of a
simlar substance to that described above with respect to the nozzle 58

(FIGS. 1@rhiDehdortids1 T Sad sarrse7an she#aid FI 6aths anfudarphove2, t he

slide 60 conprises an annul ar insi de surface 92 within which the piston 56

and engagmearéfmegsﬁ Hﬂﬂ,}a}gﬁvﬁg 13@% Oggf?foﬂéa%mg%gore RIBRLSE B §IRE 685Dl y Of

t he di spenser 10 nsi de surfa T1nes 134 wth a neck

porti 08 136, Af sy eiiicee 194 s@sredigfa%a%?oaﬁare\qgfgoraorhrfé thé A3k b, zone 138

of relatively rapr ncr eas secon d ran I on zone 140

of relativel 15, 1 creaseln | aget Ref e n it
will be ufth f"%%?@% ‘?H@t"‘d&& P omapugice 6 @éﬁ?@ﬂé{’%f* pFconigs | 3 tg@u%‘hd t he
slide 60 a fromthe piston 56, the annular wall 94 of the piston (FIG
4) will Wgrb“éHoﬁé’nslgeé?lﬁlett@&??gloﬁlFeéﬁurf%ﬁe 140 (FIG 7) in sealing engagenent
to thereby force fluid contained wthin the variable stroke volune 113 into
the slot 116 of theAs Hystrated iniFEG. BRebelidp 60 defines adubulas bpgyandmakt as

escri bed above in connection with FIGS. 5 and 6, the slide 60 defines a
term nal empabe@of hsitilanwibsteres tathabdescrited abé\@geiﬂmztaoecbmfthgmzeld BFIGShgage
the crevice 130 of the nozzle 58. As shown in Fig. 3, the opposite end of

t he sl0 des afd 6)lefd dweaibed hbavegad 1efdrihd also ksFIGH Af 1he slideth(t @npnigagm ahidarh ook
portion 97 of the piston 56. -19

inside surface 92 within which the piston 56 and engagement portion 106 of the nozzle 58 are

disposed after assembly of the dispenser 10. The inside surface 92 defines a bore 134 with a
neck portion 136 of reduced diameter disposed between a first transition zone 138 of
relatively rapid increase in diameter, and a second transition zone 140 of relatively gradual

15 increase in diameter. Referring now to FIG. 2, it will be understood that during relative
movement of the nozzle 58 and the slide 60 away from the piston 56, the annular wall 94 of

( the piston (FIG. 4) will engage the second transition zone 140 (FIG. 7) in sealing engagement

to thereby force fluid contained within the variable stroke volume 113 into the slot 116 of the
nozzle tip.

20 With reference to FIG. 7 and as described above in connection with FIGS. 5
and 6, the slide 60 defines a terminal end 128 that includes an annular ridge 142 configured to
engage the crevice 130 of the nozzle 58. As shown in Fig. 3, the opposite end of the slide 60

defines a flange 144 that is configured to engage the hook portion 97 of the piston 56.
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WO 02/ 40122 PCT/ USO01/ 46089 FIG 8 depicts a cross-sectional view of the

fl exi ble punp cover 62. The flexible punp cover 62 may be conposed of any
durable, resilient and flexible material, such as an elastoneric nmaterial.
Preferably, & cover 62 is corrposed of a therno-el aghipfisol/BbH’ | al

such as a ‘?'yrene%t adi ene el astonmer sold under the trademark KRATON by GasS
S of Illinois. Qher suitable materials include polyvinylchloride,

Sant opreneTM and b upber. The pu v i Ses nt| ng
portion 146, a bell PICESGhfTass Section Véf’w??g’i‘?ﬁ%mg]g\}’ Pfﬁﬁer%% ®cooperat es
with the slof, 116 (FIG 6) to provide an elastic valve descrj be

further b8pEhlePHIPSANYGS rw b CompRsed of any dralleresiliegi anch el mRtEBh FaRdt | on
with FIG 4, the nounting %ortlon 146 conprises an annul ar flange 80 that
fits w t hanandestonterieonatetislg Pepfesaily thopump eaven6?2 iscompesedwliathergoelastitge 78 of
the vial 52 (FIG 2). As showmn in FIG 8, the rib 82 defines in cross

sect i on antatenink sichds aatyirem-busdtigne etas(nnmswdd]drhdwgt}tecbraﬂbmarkd(dhiT@N batGIdh of the
annul ar groove 74 of the piston (FIG 4). Because of the resilient nature

of t hesmabeHlimis. AthédwhitablenateiaBlindhdle pob&idiluhldrile, $dntoigeheBOanteyutyie slightly
oversized in order to provide a resilient fit wwth the vial 52 and piston

56 and t haisly, Thb'ibuﬁl?r&iv&féz' Aptthdsls E1BAS perkBn 846, NRNGRS perabd 1@ o L he

mai n fluid chanmber 2). The bel | ows portion 148 extends between the

mounti ng RoLld @0erlrsH éxé{eg ggt?;ﬁge;]ssl&ilgg (W gﬁ%’ﬁ}{)ﬁ&@én Badhlc VARL kY

ser pentine or |nverse y unctron to prOV|de

resilienc ( ener | ly. I e Q traI 4 .and
sufficien esc fgﬁﬁl 01yvolrnc m?e(? %@Ff‘% \/AL' 4eﬁ°er%68 %Vr?lg ’{nﬁgu no g}e away
fromthe er .and 2Q return e piston to th s _St.rqgke upon

d| spensi ngfé«‘:t %%@Pﬂgﬁ%ﬁoﬂéég PIiges At ‘F‘nggp(%}éﬁt W@H ance
contained wt h| n the chapber 55. Referring alsq

nozzl &9 c oEPRtNgEIOqHsSH %ﬁ‘iﬁ&?ﬁté%ithel%oua'ﬂ%ﬂ@]géﬁ%@fﬁﬁd’l%é%ﬂ:l&u?)edA% %lorvésm iently
engage the nozzle 58 and slide 60, and includes the annular rib 126

ext endi ngFHki8athe yibf&2alelines inicsess savjorye tramnated sonicelshamaonminending to Gagagenent

portion 156 is di sposed between a slide
configuration of the annular groove 74 of the piston (FIG. 4). Because of the resilient nature

of the material of the pump cover 62, the annular flange 80 may be slightly oversized in order
to provide a resilient fit with the vial 52 and piston 56 and thereby, in combination with the
15  rib 82, hermetically seal the main fluid chamber 55 (FIG. 2).

The bellows portion 148 extends between the mounting portion 140 and
nozzle cover 150, and comprises a plurality serpentine or inversely curled portions 152 which
function to provide resiliency in a direction generally parallel to a central axis 154 and
sufficient spring-like force to either drive the piston or the nozzle away from the other and

20 return the piston to the top of its stroke upon dispensing a predetermined dose of a
medicament or other substance contained within the chamber 55. Referring also to FIGS. 2
and 6, the nozzle cover 150, when mounted, is dimensioned and configured to resiliently
engage the nozzle 58 and slide 60, and includes the annular rib 126 extending axially from a

disc engagement portion 156. The disc engagement portion 156 is disposed between a slide
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-20 WO 02/ 40122 PCT/ USO1/ 46089 engagenent portion 158 and a nozzl e body
engagenent portion 160. Referring also to FIG 6, the nozzle body
engagenent portion 160 is configured to engage the tapered outer surface
102 of the | 8 to thereby forma nornally-closed, one- ve
therebetmeéﬁ&ﬁégﬁ%gn be seen in FIG 8, the cross-sectio%grﬁgﬁ%%ﬁﬁess of
the nozzl e engagenent portion 160 5 gradually decreases in the axial
direction fromthe di sc_engagenent portion 156 toward the _ dispensing tip

161. The ereagerasnt pogae | edhandpnezelshody enpapanant PerHpe k6@ sReferringglsofo bl e
engagenent Eorti on 160 facilitates the rel ease of the nedicanent or other
subst ance6ithe nergle body engagement poxtipnl60 isnonBghred torengags| theignered outemgvrface
interface between the relatively flexible nozzle engagenent portion 160 of
t he cover 1ehaf thémozzla P8 te thesby ffarea @ hatlf-clobel, nnzwhy vilweltherebetwabn. | &s can

si mul t aneously preventing air or other gases from passing through the valve

in the oppsesheFId. 8k trobs-sdctiont eidkaaRof thairblzlé Bfape@aahipbadndbot he
bel ow- nmenti oned patents incorporated by reference herein. In operation, as

descriped;ARNS dedtedseAARE QA difebibntdaPtihe disd REgdpbment PIVEITEIYG t&harll e Vi al 52

in the axral direction causes the piston 56 to nove fromthe position 15
shown in 2 kntp t [ i : i a e.g., b
. R4 B1. Al d3-sEdtiGnal InicResy iié}’zﬁe)’ g.. by

actuati ng&%ﬁﬁ%mt %:h ger 'glge %?éﬁl&%i %r otr?lersgéalct alljglﬁtuor ,esmgfﬁg% raws fluid into
the variable vol une..fl uj H .113 fromft mai n. flui d ch er 55 via
the cont r St BRen W0 e PaMEL sl G JGr TR B Sptflp BT Rt
Ref erring, now al so .to_Fl and 8 as the pistqgn, 56 ves .t rd,. the
nozsl & bYtE ghe-JrY Balyeforme by fhe SmgaRd Ry albitats KRG ERVSY ebEs Rl
() , along the 20 flattened surface 132, between the tapered surface 102 and
nozzl e bowRzZscgeagemeniPopim: j69pf thegroverand tfiemre&meiedlﬂf} ofthanogzlabodi e ti p.
Further details of punp assenblies that may be used in the practice of the
preseHl i whidgshsimphengeeslyipreventing dirion olerpasesframm passing thrgugluthe ygye in the 875, 931
and 5, 746,728, which are assigned to the sane assignee as the present
i nvent i ongpposite direction, in accordance with the teachings of the below-mentioned patents

incorporated by reference herein.

In operation, as described above in connection with FIGS. 1 and 1A,

movement of the vial 52 in the axial direction causes the piston 56 to move from the position
15  shown in FIG. 2 into the position shown in FIG. 3 (or vice versa), e.g., by actuating the

trigger 28 of FIG. 1 or other actuator, which draws fluid into the variable volume fluid

chamber 113 from the main fluid chamber 55 via the central bore 68 and laterally-extending

bore 86 of the piston. Referring now also to FIGS. 6 and 8, as the piston 56 moves toward

the nozzle 58 (or vice versa), the fluid is injected through the slot 116 (FIG. 6), along the
20 flattened surface 132, between the tapered surface 102 and nozzle body engagement portion

160, and then outwardly of the nozzle tip. Further details of pump assemblies that may be

used in the practice of the present invention are described in U.S. Patent Nos. 5,944,702,

5,875,931 and 5,746,728, which are assigned to the same assignee as the present invention,

and are hereby expressly incorporated by reference as part of the present disclosure.
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and are hereby expressly incorporated by reference as part of the present
di scl osure. -21 WD 02/40122 PCTI USOL/ 46089 One advantage of the punp
configuration of the illustrated enbodi mrent, and as indicated by the arrow

i ndi cating of fluid flowin FIG 6, the punped fljdeichplos @
fairly stra‘?vgﬁtz/g(gg h extending in a direction parallel toPthlsa%le 154 from

the variable stroke volunme 113, over the tapered surfaces of the engagenent
portion 106, through the slot 116, 5 and between the one:- val ve fornmed by
the interface of thHensRYsNtagen] go P%‘h"frll‘%ﬂlué?at‘?%@“ ftedtd t he
tapered outer surfaces 132 and 102 of the nozzle_body. This relatively

strai ght &vigdisaisdby theiamoy indieating she-path pigfhd flpw lgﬁ%éﬂmme@ Buid|fllowshr ough
the nozzle with relatively little head |loss, thus allowing | esser force to
di spense a fairly straight path estehdingvirsadirection paralidl tothe pxie d 4 Gomahe vaslabls\stroke he t ype
of fluid flowto be emtted at the dispensing tip, such 10 as control over
drop si zeyoltunewly,alverthe yapered siwwfiaces/oftthogigagersént eortiopd 8, thratiglethe sloetls, Yet
anot her advantage of the illustrated punp configuration is that the bell ows

148 i s5 segldesétwandhd MRe-Way Vo fefiddty the Sitdrfse of@k HoRlelehBadenehtipdrabry 140 event
any of the nedicanent or other substance contained wthin the chanber 55

from col | gehi Bével Bnd 18 1:HBRE ButcPEMBEN 320G 762 bOWSnéRE: HoR§. Phitamwiy S! i de.

As can be seen, the o-ring or like seal 90 forns a 15 fluid-tight seal

Cher ot hr ot etk sp? i ARATION 4 andhtie PEAKIITE AN oI M0,
FlLui dti g RISReet 8% R ATy Biede B Bire Qisaaee BreBELmE A BERt | on 156 of
e o bl Sioh S5y i Sob Byt B B e b B AR B ko 1 o
FIGS. 9 and 9A, the vial 52 is preferably conposed of a suitably rigid and

nol daHl e #oBRplgver digp pize dloxy yalosity, YFoPyAREoRlet Fite Pray| Pattgngetc. ol ycar bonat e

or polyvinylchloride. Preferably, this material is selected to be conpatible
with a w de Yet another advantage of the illustrated pump configuration is that the bellows

148 is sealed relative to the variable-stroke volume 113 to thereby prevent any of the
medicament or other substance contained within the chamber 55 from collecting in the space
between the bellows and the piston or slide. As can be seen, the o-ring or like seal 90 .forms a

5  fluid-tight seal between the piston and the slide, thus preventing any fluid from flowing
therethrough and into the bellows. Similarly, fluid-tight seals are formed at the interfaces of
the cover 62, nozzle 58 and slide 60, including fluid-tight seals at the interfaces of the slide
engagement portion 158 of the cover aﬁd the slide 60, and at the interface of the annular rib
126 of the cover and the annular groove 122 of the nozzle 58.

20 Referring now to FIGS. 9 and 9A, the vial 52 is preferably composed of a
suitably rigid and moldable material, such as a rigid polymeric material, e.g., polycarbonate
or polyvinylchloride. Preferably, this material is selected to be compatible with a wide
variety of medicaments, such as that sold under the trademark Lexan of the General Electric

Corporation of Pittsfield, MA. The vial 52 is tubular in configuration and comprises an outer
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vari ety of nedi canents, such as that sold under the trademark Lexan of the
General Electric Corporation of Pittsfield, MA. The vial 52 is tubular in
configuration and conprises an outer -22 WD 02/40122 PCT/ US01/ 46089 wall 77
that defines the main fluid chanber 55, the annular nounting flange 78

di scussed ﬁ&@/ﬁgl n connection wth FIGS. 2 and 4, and anggg@g(l%%sgonnecti ng

portion 16 on an opposite end of the vial relati nount i ng
flange 78. The main fluid chanber 55 is dinensioned such that it is large
enough to contain a predeterm ned quantity of a fluid to be 5 di spensed,

such as awaikd7 thahdefines tHeonajn finidicharher 56 cthé bmildyinaaiaiting 84nge 78 Giscessedli scussed

in nore detail below The nmounting flange 78 includes an annular ridge 164
f or nount aboye ihennedtivn vath FIGS02 asbd, iand ae agmipe cemiecting portidrel G2damhed oncaner 62
(FIG 2) and preventing novenent of the cover during use of the dispenser

10. As segppokife dnd@Pthe?vidlitelaive foHig MY AengOT8 iTHR mald fluidfchidiBerGoyer 62 is
sandw ched bet ween the base 64 of the pirston 56 and the rigid vial 52 10 to

form a f'aﬁhfin&ién@atsuéﬁaa!gt itfﬁmggefgﬁ 'ngb Entin & Predbt iﬁsweglvagﬁtffggamf&tb g portion

162 conprises a tapere end "16 a peri pheral gro spaced i nwardly
t her ef g om Lher . i tidon.1709, . An | L 172 is
or ovi ced P oS AR Al Phe wiR stk Yoo e sE6 okl o
further bel ow  the increased dianmetey .pqrtion 170 anp lar rijd 172 15
funct§ on BOeAerihbelast Eie Boauiae ARgects ibrlerdn ansleiee | Bhips ogbi e
assenbly of the vial 52. As also described further below, an annul ar groove
174 i s proegl Weatorssplingangpgament with the @ozalesover o2 GilE; ApndiprqveriipedroeREntmi n
fluid chamber 55. Referring nowto FIG 10, the flexible bladder 54 may be
conposed eoffthagoyer duringaisk pf the disptiser IPatleyseent in FIGS. D rud B rthdohountiog ipogionbar ri er
operties to prevent the passage 20 therethrough of vapor, noisture and
S;s . For bHad tief covenéZ Behndwichet betweer tieibade Gar offtieer piktbly Séranyd the rigidl it d2and i s
conpatible with a wide variety of nedicaments or other substances to
10  to form a fluid-tight seal.
As shown in FIG. 9A, the annular connecting portion 162 comprises a tapered

end 166 and a peripheral groove 168 spaced inwardly therefrom on an increased diameter

portion 170. An annular ridge 172 is provided for engaging the flexible bladder 54 (FIG. 2).

As described further below, the increased diameter portion 170 and annular ridge 172
15  function to allow hermetic sealing of the main fluid chamber 55 after assembly of the vial 52.

As also described further below, an annular groove 174 is provided for retention of the vial

52 during filling of the main fluid chamber 55.

Referring now to FIG. 10, the flexible bladder 54 may be composed of any

suitably flexible material, and preferably defines barrier properties to prevent the passage
20  therethrough of vapor, moisture and gas. For ease of manufacture, the material preferably

may be molded and is compatible with a wide variety of medicaments or other substances to

be contained within the chamber 55, and therefore in a preferred embodiment may be formed

of a rubber or synthetic rubber. Alternatively, the flexible bladder 54 may be composed of a

thermo-elastic material, such as the styrene-butadiene elastomer sold under the trademark
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be contained within the chanber 55, and therefore in a preferred enbodi nent
may be formed of a rubber or synthetic rubber. Alternatively, the flexible
bl adder 54 may be conposed of a therno-elastic material, such as the
styrene-but adi ene el astoner sold under the trademark -23 WO 02/40122

PCT/ USO1/ 460892/4MRATON as di scussed above in connecti on WPERUSHASHIND cover
62. Simlarly, materials sold under the trademarks VI SKAFLEX owned by the
AES Conpany, ALCRYN or HYTREL owned by the Dupont Conpany of W] m ngton,
D.E., andxRA3tdiKs snassedibovd R oReMiSOwiRME pilhp daferb2e Birstye afdteridliese

materials are only exenplary, however. As 5 nmay be recognized by those

St | 1ied | Bolh B8 d DB RIS VISRATE XAk By RGN Damplie! Armmoafe: {1 exi bl e

bl adder may be ma nunerous other materi t are currently or

| ater be nown .for rformng th net i on j l,.adder as
di scl osed%n&wfe tig'hﬂég PB?nérlal"’,d’“éY égﬁwgnﬁfoél’gﬁ’t#gesp‘&rm&ﬁe@gtion, t he
flexible Rl r.54 is de of, a resilient terial as descri bed above and
5 ol ded D Cobpa e oe Srrdinsieh. Thas BB ATHORY RAPRRY RIS AP | n { he
manner described further below, the resilient bladder tends to force itself
out war 8l y may e rqcagaizadby thaserskiled in the pertinens axt basedl opfike iepckings hessin, the ot her
fluid in the main fluid chanber 55 in conparison to the pressure in the

i nterior @xibledladterduayr be madesifgny bf mumerousahiteen tratpeialsfthatiatescuprentlysenlater
differential is that it facilitates in preventing the ingress of air, other
gases or Yejeareiknbws &rgerforrhing the fasction bethe dlexiblcblidder af disdh@edhaeider 15

t hrough the bl adder or otherwise into the main fluid chanber. As a result,

the dispensers of IhhEe preReRAEmbOURBA Ofthd pRestift invefitidra He)flewbld bladdet $4 f or
iﬁnt aining multiple dose, non-preserved nedicanents or other substances,

din ”aisr}ﬁé%lie%ifQ%sﬁiéﬁ?m%ﬁﬁélﬁ'&%%ﬁbé&bﬂvé&ﬁ iﬁé‘f*’i‘de?:i? hﬁ%%ganﬁ@c[‘%nhitﬁﬂ:

t hr oughout substantial perio storage, s e and/ or use of the
di spengers. hi va f e, al L]yl LDy i ng any
changed | by, PAPOLBRA T g BALRH SRRt hPoe tet8h e i BBl 9, 12
airless C(t)eg slttolfgrrc]e %ehI~ (t]u%wgr%ﬁynarfdl, llﬂltgm,c irr}grg?s%rﬂlg gr’ess%rrédof the medicament or other

B30

fluid in the main fluid chamber 55 in comparison to the pressure in the interior of the bladder.
A significant advantage of this pressure differential is that it facilitates in preventing the
ingress of air, other gases or vapors located within the interior chamber of the bladder
15  through the bladder or otherwise into the main fluid chamber. As a result, the dispensers of
the present invention are particularly well suited for containing multiple dose, non-preserved
medicaments or other substances, and in maintaining such substances in a sterile, airless
condition, throughout substantial periods of storage, shelf life and/or use of the dispensers.
This advantageous feature also facilitates in preventing any changes in the ambient conditions
20 ofthe dispenser from affecting the airless condition of the main fluid chamber 55, and
otherwise prevents the ingress of air, other gases or vapors into the main fluid chamber.
The flexible bladder 54 preferably also provides a barrier to the passage of
gas, such as air, through the flexible bladder, and thus may be composed of a single layer of

material that has a substantially reduced permeability to air. In one embodiment of the
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ot herwi se prevents the ingress of air, other gases or vapors into the main
fluid chanber. The flexible bladder 54 preferably also provides a barrier
to the passage of gas, such as air, through the flexible bladder, and thus

may be co a single layer of material that has a aIIy
reduced pgnﬁégg“1 %y to air. In one enbodi nent of the -24 §ER§§?§

PCT/ USO1/ 46089 present invention, the bladder 54 is conposed of a

mul ti-layered material. For exanple as illustrated in FIL.G 10B, a bl adder
wal | 175 Bepyedt Hﬁ‘ﬁliﬁl@eth& biadden 5415 sempesed peg mpltitiayered materiale | Bos examnle. ehat i s
relatively porous to air, and a barrier layer 179, such as a netallized
MYLAR, e. flustrated sl KiGi MBnadni@ﬂdpomlééi’%marmmascalﬁm flexiblajlaysr 17hef @upont
Corporation of 5 WIlmngton, Delaware, that is relatively inpervious to air.
The bar ri elastomgethatiy@lativglylperoudits pio,saad abefieckperd 70 pdugk by hetdlizepper | ayer
181 and | ower |ayer 183 to facilitate adhesion of the barrier layer to the

bl adder WHIYLARZe.g\ tnl BuriBum @ﬂdryomstéi é;bglhbﬁ YoldAyttRd Dapont ejo ordtidg of barri er
e

| ayer 179 may be conposed of pol yvinylidene chloride sold un er the mark

gﬁgf@tlgr@ﬁﬂmﬁg ﬁ% bar?%%@hP§§g§@%¥6ﬂ§gh%sg?%?gngﬁgknenS| negnlg ggver
as mueh Ok figq Bl gedneg Pt BRI ) WPk IR of Bucfifll bbb gpassace

of air ther roug 1 ONS O

fl exible dder . as ed bel oqw. . Th ar [ ier | 179 |s
Hl 6. o of BB S0 Sucpledet ﬁaﬂ?ﬁf &Hf%mawfmrt%ﬂm@aﬁe {isgpativalysthe
Optionally, the barrier nateri may be. a butyl. rubber-based mat erial, such
as that ubuHeglayerd %%%haﬁ%mp‘aﬁeé OBPOII‘HHEIWP%}%%C{@&BMGI e MageBARANt he tire
(;dustry As may be recogni zed by those skilled in the pertinent art based
t he teawhédlysthtBpwiCGhemi¢ad ComprihoiMisllanddiichigan. Bawitliberapprgeiatedl flatthe

di scl osed herein are only exenplary, and any of nunerous other materials
t hat &0 e barriedagdry79 ispoefarablyrdimabsioned éw cover dsmowuh of tire ieddeowall hép 4she
functions disclosed herein, may be equally enployed.

permitted in order to reduce the passage of air therethrough without interfering with the

various functions of the flexible bladder as more fully described below. The barrier layer 179
is also preferably disposed on the interior of the bladder wall 175. Optionally, the barrier
material may be a butyl rubber-based material, such as that used for the manufacture of

15  syringe stoppers, or used in the tire industry. As may be recognized by those skilled in the
pertinent art based on the teachings herein, the flexible bladder and barrier materials
disclosed herein are only exemplary, and any of numerous other materials that are currently
known, or later become known for performing the functions disclosed herein, may be equally
employed.

20 Referring now again to FIG. 10, the flexible bladder 54 is tubular in
configuration and comprises a closed end 176 and an open end 178 that fluidly communicates
with a cavity 180. The bladder 54 defines an external diameter dimensioned to fit within the
vial 52 (FIG. 2) when in the expanded condition as shown in FIG. 10. As shown in FIGS. 2

and 3, the outer surface of the bladder 54 preferably defines a shape or morphology
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20 Referring now again to FIG 10, the flexible bladder 54 is tubular in
configuration and conprises a closed end 176 and an open end 178 that
fluidly conmunicates with a cavity 180. The bl adder 54 defines an external

di anet er divg@%jwqﬁed to fit wwthin the vial 52 (FIG 2) \yg:f.ﬁjsj)l%g@e
n and 3, the

expanded condition as shown in FIG 10. As shown in FIGS.

outer surface of the bladder 54 preferably defines a shape or norphol ogy -25
WO 02/ 40122 PCT/ USOL/ 46089 substantially the sape .as that of the interior
surface ofubstartially dhepaeps thadokige interior sydise obtbs 2igH il 278 that8Re] e bl adder
the flexible bladder confornms to and contacts the rigid vial throughout the

i nt er f aceexphndingthe flewibledaddon dhet fiexitde bladder bynfernisriv aad eondasis the rigijeiadr dead

space between the conmponents, and force all of the nedi canment or other
subst ancethmiughout thehateFfacshufitmse tebconypomenth & therebyadlinginatt pokellagelondead113 of t he
punp 50 for dispensing therefrom In addition, the outer dianeter (or

wi dt h) ofspadeebetédsithd conloaehets,laniMieBe AlUbf tie xfioRtkad of StherdubitaicaMlithirsthe ght | y
greater than the inner dianmeter (or corresponding width) of the rigid vial,

SO thay thEmBEPHHRANOVABBRIstORY vENAE § 1 Rof RS blthis 56 for Alspehsifahdekoh g Vi al to

maintain at least a slight pressure differential between the chanmber 55 on

one <1 de. gl A0 aRe R AP o Vg UL BbghRyRlud el haHaEnaRd ¢ her by

prevent the 1 ngress o ases of vapors | adder and
into the in. flud chanbe s .descri bed, above. sh i-n FIGS.. 10 and
11 1 ongi RETRY L aRa: fep BF fRE flemeien ot pperpisies BRLD s B pe el poscd
al ong the inside surf 84 and functjon_to provide a supportin structure
about whirthat e W%@ﬁfaﬂéﬂw Tt iapslienh foreq qepingfdheidaltoimalptain t Wete detai |
l(e(l ow 15 in conjunction wwth FIG 12. To achieve this, the rib portions 182
ext end axdlight gressumsslifferpntial betwesn the chamiien 6% on gur sidecpialesblagdisr and thainderiprequal | y
spaced about the circunference of the interior surface. It wll be
r ecogifl z exf thehzleddet arel thereby prgvend thiedngressfof aingothdrigasges ot vaposs theRghtid/ or
| ocations at which the rib portions may be enpl oyed are contenpl ated by the
present bladder and into the main fluid chamber, as described above.
As shown in FIGS. 10 and 11, longitudinally extending stiffeners or rib

portions 182 are disposed along the inside surface 184 and function to provide a supporting

structure about which the bladder 54 may collapse as will be described in more detail below
5 in conjunction with FIG. 12. To achieve this, the rib portions 182 extend axially along the

interior surface 184 and are approximately equally spaced about the circumference of the

interior surface. It will be recognized that other configurations of the rib portions 182 and/or

locations at which the rib portions may be employed are contemplated by the present

invention. For example, the rib portions 182 also may extend along the inside surface 183 of
!0 the closed end 176 of the flexible bladder 54.

As illustrated in FIGS. 10 and 10A, the flexible bladder 54 includes a
mounting portion 186 that comprises an annular flange 188 formed at the rear end of the

bladder, an outer annular lobe 190 spaced axially inwardly relative to the flange 188, and an

inner annular lobe 192 spaced between the outer annular lobe 190 and the flange 188. As
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I nvention. For exanple, the rib portions 182 also may extend al ong the

I nsi de surface 183 of 7?0 the closed end 176 of the flexible bladder 54. As
illustrated in FIGS. 10 and 1 QA, the flexible bladder 54 includes a
mounting portion 186 that conprises an annular flange 188 forned at the rear
end of the wbloggider, an outer annul ar | obe 190 spaced axi chpyshinagaded! v
relative to the flange 188, and an inner annular | obe 192 spaced between
the outer annul ar |obe 190 and the flange 188. As -26 WD 02/40122

PCT/ US01/ 46089 Ln F 0A. nnul ar fl ange 188 .def, nes on its
inder st de ARImET aT G e e 8 iR B vide R ERAE LRl L1 The
annul ar rjdge of .the vial 52 (FIG 9A)...In ddjti.o nyl ar fl ange
1581 o ovie 1946 Sl Spuasimencpritine paan et TS o he WL A 055 * o0 WP
be discussed in nore detail below the peripheral surface of_ the annul ar

f1 ange nedddsioayihsgenuladlanse | 8&is overrsingd so Hat dring inigiolassasply Wit ghe Wiala, 52
(FIG 9A). During storage and/or shelf life of the dispenser 10, the

mat eri al @fwillthe discessedinemonsldatail delosy thegyripHeral sanfacawf theianndarflange magqual i ze
the tensile and conpressive forces that it is subject to. Creep, as used

herei ny reaigegesth¢ corsespdraimgpearnnlap poper 168 aofthef visl S26FHE.1I9%). wherein there is a
loss in resilience and nenory of the material. In particular, after

under goi ng creep t k@ stirafeland/ofBHeEMifabf thBNispaisaaIe e nyatRi of the agdbleose at
| east some of its original elasticity. Accordingly, after assenbly and

during fi i)l!i&d@ﬂSéPlfna% ASwHr $RFBE brdd o ehtliﬁ?iz@ﬂn\éitéﬂéﬂ@@(?h &;msﬂr&@ive FdrEosith]t & 6! adder
5 0 h ol | apse

4 may be subj ect | ow pressure whi'ch causes ¢ and el astic .
e PR A Sl 8 ol
o v Tonehes RS el toohth icind] op it s )
the mibergiic mateziﬁjem?rw%rmaarmty@?%@ aeﬁi@ﬁg@m RS Pl Bieina pIAHARY. 54, and as

shown

Accordingly, after assembly and during filling of the dispenser 10, the cavity 180 of the
flexible bladder 54 may be subject to low pressure which causes collapse and elastic
deformation thereof which is maintained by the pressure of fluid filled in the main fluid
chamber 55 (FIG. 2). Thereafter, the filled dispenser may be maintained in storage and/or on
15  astore or other shelf for at least two or more months prior to use, during which the material
of the bladder may undergo creep causing at least some deformation thereof. To properly
manage the movement of the material during creep of the flexible bladder 54, and as shown
best in FIG. 10A, the bladder is provided with the outer annular sealing lobe 190 and the
inner annular sealing lobe 192 spaced axially between the outer sealing lobe and the flange
20 188 so that, when creep resulting from compression of the elastomeric or rubber-like material
occurs, the intra material pressure is balanced in between the two lobes 190,192 and a
persistent, fluid-tight seal is provided. This mechanical seal can then be maintained due at
least in part to the material reservoir formed by the inner lobe 192 in which creeping material

in the outer lobe 190 offsets that of the inner lobe.
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best in FIG 10A, the bladder is provided with the outer annul ar sealing

| obe 190 and the inner annular sealing | obe 192 spaced axially between the
outer sealing | obe and the flange 20 188 so that, when creep resulting from
conpressi o f el astonmeric or rubber-like nmaterial o Q@ intra
mat eri al ppgggﬁ%ggﬁs bal anced in between the two | obes 198??@%“%% a
persistent, fluid-tight seal is provided. This nechanical seal can then be
mai nt ai ned due at | east Lngggrt to the material reservqir formed by the

i nner | obe 192 in wh SRWAIREHFN§Anthesutes pnnulay [qbgd 98 Gprmprises Bdirst goeWars set s
that of the inner |obe. -27 WO 02/40122 PCT/US01/46089 As shown in FIG |
OA, the onpewien d9larated omere sidrofthmlebs L2 and 4 second angylar pertipn 20G disposeB | ocat ed
on one side of the |obe 192, and a second angul ar portion 200 di sposed on

t he opposon thevppasitefide hftheddie. Tl dirdt angidar porgioh 408 definds afirgt@Buteedgla®s” a fir st
acute angle "A" wth respect to a center axis 202 that nmay be within the

range of {ifMRspedtPxédhber akié 202 it Maf BOWRkn IR 1hge &Q’roxﬁﬁ%br&ﬂﬁﬁte@f@fter abl'y
within the range of approximately O to approximately 10. The second angul ar

portion 200 fi 3 n ] "B ' Lhe axis 202 that
may beglwi ??ﬁr%ﬁ?]ﬁtgglrs‘;gn’g%ﬁ%&rgB%?%é‘ﬁ%a@{@"fnﬁh e‘Ogip%er (gtlpa i’}c?élﬁnrr%t%lgloy tPQlS, and nore
preferably within the range of approxinmately O to approximately 5. |n order
to ensur e2pPrrermaiglyy §0hg The easpndaneyiar perdiondstines @ pecppbaquicangls ‘B selaliNser 54
the material noves 10 approximately in the directions of the arrow 204 and
arr ow 205to0 théiexi§ 202sthatanayl e Withis thearangerof appreximirtety @%ctoapproaingitay B5qam t he
flexible bladder is axially fixed by the inner annular sealing |obe 192

received WoldYirbfeta %ﬁﬁfeF}QlEF&y KiHlaf 8 A roRnadly bOCmIR@r iPendke( FI G
4). As ?ﬁ%)é\;\yﬁ ienBFI‘—%I‘%S. 2 an B@Iﬁgn tah[ey(?)lrtex?%rloe bl all}c’ider n54 i; ful Iey

recel ved Wl B LRgy bl 8ot fbial Bne HARHRY AL AN Aluciifodd0 | S Pressed

agai nst the snoot or wa ( nner annul ar | obe 192
5 LERE SR e Lo o Rt 1 O 028 P R P O
and the atrflgrllj Ithaersecond angle B and the flexible bladder is axially fixed by the inner annular sealing
lobe 192 received within the corresponding annular groove 22 of the rear plug (FIG. 14). As
shown in FIGS. 2 and 3, when the flexible bladder 54 is fully received within the rigid vial
52, the outer annular lobe 190 is pressed against the smooth interior wall of the vial, the inner
15  annular lobe 192 is received within the corresponding annular groove 22 of the rear plug
(FIG. 14), and the annular flange 188 is sandwiched between the rear plug and the annular
( ridge 172 of the rigid vial. Thus, the inner annular sealing lobe 192 functions as a material
reservoir for the outer annular sealing lobe 190, and as indicated by the arrows 204 and 205,
the axially-offset lobes cause the material to flow generally from the outer lobe 190 toward
20  the inner lobe 192, and from both lobes generally toward the annular flange 188. As a result,
the material flow is persistently directed toward the inner sealing lobe 192 and/or annular
flange 188 to thereby maintain a fluid-tight seal between the flexible bladder, rigid vial and

rear plug, regardless of the degree of creep of the bladder material. As can be seen, the shape

and relative position of the outer annular lobe 190 as described above facilitates in directing
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Cridge 172 of the rigid vial. Thus, the inner annular sealing | obe 192
functions as a material reservoir for the outer annular sealing | obe 190,
and as indicated by the arrows 204 and 205, the axially-offset |obes cause
the materi ayolp@sfihPW generally fromthe outer |obe 190 to%?ﬁlsol%%oéhe i nner
| obe 192, and from both | obes generally toward the annul ar flange 188. Asa
result, the material flowis persistently directed toward the inner sealing
| obe 192 and/or annul ar flange 188 to thereby maintain a fluid-tight seal
bet ween t e farcesavithin thel blasider andythysi the matgrialdn the dirsgtfongs ofithe apreya 264 @5820& t he
degree of creep of the bladder material. As can be seen, the shape and

rel ative todhérehyomainfain the fluidtight seahthrenghbustiee st@age sheliferand ushgalobthe
facilitates in directing -28 WD 02/40122 PCT/USOL/ 46089 the forces within
t he bl adddispeasst 10hus the material in the directions of the arrows 204 and
205 to thereby maintain the fluid-tight seal throughout the storage,

shel {-1if e and usages abvi/keFIGI1IPEE Nekiblebiadlss HlaWrably doSombliscdd Rl exi bl e

bl adder 54 preferably al so conprises at | east one surface discontinuity

206 that §GhihiddisconaiiiyS08 e kRilithes &g'cggaﬁf@ﬂﬁ fcaﬂicbg% lf";‘{ @R HRhdd RN 2

tubul ar configuration to”a predeterm ne apse guration to thereby

subst anti im t i | he
interior %#’ hﬁ%o%%??&ﬁgﬁ#& ﬁ%}g‘%ﬁ\ﬁ% I Icﬁf;%pﬁsgf%)%ﬁé%%m%?&{ #gg?lﬁ}e%(l%bl e

bl adder c¢ rises three rface.djscontinuities 2 ocate n the interior
surface 1 pte fhieovalipme efte caygy égﬁaﬁ%eﬂﬁf/g@ n*&ﬂﬁfa&ﬁv {%lﬁ‘i%édﬂ‘rtg? ative 10 to
each other. As can be seen, the discontinuities 206 are each ,approxi mately
equal |y sijaeteated gsehodaasnt.dhs Hexdble bladder gampuses thpee susface 41ﬁ“ém8¥1%18%£q6nui ties 206
re illustrated in the confi%uration of a crevice or crack termnating in a
gener al | ylogated oncthadnterigysptfacsr 8¢ pbthe bindderend approximatelisequelly spaged miatizhiown. As
can be seen, the surface discontinuities 206 cause the bl adder to coll apse
or fol@ onteach ¢thel fAsaianbe seeacthe discomgjatities 206kard 82h approkieragdly efuatlyspaced he 15
col | apsed condition three folded sections or | egs spaced about 120 relative
to each obdtween alljacent elongated ribs 182. The discontinuities 206 are illustrated in the

configuration of a crevice or crack terminating in a generally flat center portion (not
numbered) in cross section as shown. As can be seen, the surface discontinuities 206 cause
the bladder to collapse or fold onto itself about each elongated rib 182 to thereby form in the

L5 collapsed condition three folded sections or legs spaced about 120° relative to each other. As
may be recognized by those skilled in the pertinent art based on the teachings herein, and

( illustrated by the additional embodiments below, any of numerous other structures or

configurations may be equally employed to collapse the bladder into a predetermined shape,
such as the predetermined collapsed shape formed by discontinuities and elongated ribs

20  described above.

Referring now to FIG. 12, a cross section of an outer wall 208’ of a flexible

bladder 54' is illustrated in schematic. The flexible bladder 54’ is capable of collapsing in the
direction of arrows 210’ from an expanded position, shown in solid lines adjacent to the outer

wall 77 of the vial 52 (FIG. 9) to a collapsed position shown in broken lines. The flexible
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may be recogni zed by those skilled in the pertinent art based on the
teachings herein, and Cillustrated by the additional enbodi nents bel ow, any
of nunerous other structures or configurations may be equally enployed to
col |l apse the hladder into a predeterm ned shape, such as term ned
col | apsed svﬁgﬂg‘%f‘%ﬁ med by discontinuities and el ongat ed ri%?@@@%‘?cri bed
above. Referring nowto FIG 12, a cross section of an outer wall 208 of a
flexible bladder 54' is illustrated in schematic. The_ flexible bladder 54

i s capabl &lagder$4|ip fppstiprpllysirniias to te flexibleddadder 3 ang\ibusiky elemesis asmlabslethnded
position, shown in solid |lines adjacent to the outer wall 77 of the vial 52
(FIG 9) withdike vdferapeathnmoals fallowed bythe primel{fclmbol. iHhexeve itewitllbexi bl e - 29 WO
02/ 40122 PCT/ USOLl/ 46989 bl adder 54' is functionally simlar to the flexible
bl adder 54ecogrizddhthe sbink diffdrareninstractareleaiscbetateenhé flexibledladdéreddeand chenuner al s
followed by the prinme (') synbol. However, it will be recognized that sone

di ff er enc@sxible bfddderci4a! Boleiiafiipled BbovRaRuitiee206! £ ilRis@atdd asiterg inderftadvithhe
fl exi bl e bl adder 54'. For exarrpfe, discontinuities 206" are illustrated as

bei ng knveds Wi B 1 t [ i 2 b6 2064 1y cover
Che antl T S ob b B R 00 B e e P e SR PSR RPN
di sconti nyphl ' | , I i caonfiguration,
't owi 11 oo EEERUZS, Al tne ABHALA, 20 ARIRLStch SLEHALE dbere
di sconti nuitd es.. 206, .Which al rf,orm the f.uncti on descki.bed.bel.ow may be
el oyed Ptiestion A it s dobggtifed diE ot il i % Pl SPOREIERS 167
define nounting.slots 209' for receiving therein 10 forrespongéhpgl,%/-s{]aped
portions EPfotvhichakio)pegionn the fungtiongsscriped bglow max bg senpleyed siicph aflspdt Wilk he
({Tsconti nuities 206 and 206' function to allow for a reduction in length of
the porti bheppedciateretheldthe rib partione b4 defing meunging Blaps99t fos receivingjthgreinb| adder s
54 and 54'. While this function is being described in connection with the
enbodilfrentorekpdadiaglytshapedpertices(@ot showmofitiee €alfed. | y appl i cable to the
enbodi rent of FIG 11. -

It will be understood that both the discontinuities 206 and 206’ function to

allow for a reduction in length of the portions of the wall 208’ necessary to collapse the
flexible bladders 54 and 54°. While this function is being described in connection with the
embodiment of FIG. 12, this description is equally applicable to the embodiment of FIG. 11.

15  Asshown in FIG. 12, the wall 208’ comprises a plurality of wall portions 212’ extending
between each discontinuity 206’ and adjacent rib portion 182°, and as shown in solid lines
each wall portion 212' forms an arc when the bladder 54’ is expanded. It will be recognized
that during collapsing of the bladder 54’ in the directions of the arrows 210°, the wall
portions 212’ become approximately linear and form a chord as shown in the dashed and

20  dotted lines, and then inversely arcuate as illustrated in the dashed lines. Accordingly, as
illustrated, a length L, of the discontinuities 206’ shown in solid lines shortens to a length L,
shown in dotted and dashed lines to thereby allow free movement of the arcs 212’ in the

direction of the arrows 210°. Once the flexible bladder 54” has collapsed, the bladder may

-30-



15 As shown in FIG 12, the wall 208 conprises a plurality of wall portions
212" extending between each discontinuity 206" and adjacent rib portion
182", and as shown in solid lines each wall portion 212" fornms an are when

t he bl adder, ; expanded. It will be recognized that j | apsi ng
of the b|a&%§§”%ﬁ in the directions of the arrows 210", ?ﬁgm§gﬁ$8&portions

212" becone approximately linear and forma chord as shown in the dashed and
20 dotted lines, and then inversely arcuate as illustrated in the dashed

| i nes. Acexpeed angithe walbportiphe 212 mag dieels niavadn & dir¢ction oppusite that ofith¢ ardws es 206
shown in solid lines shortens to a length L2 shown in dotted and dashed
lines to 2H&reby all ow free novenent of the arcs 212' in the direction of
the arrows 210'. Once the flexible bladder 54" has col |l apsed, the bl adder
may -30 WO 02/ 4012AsRMistled fin FEORA3 a6& P4k Bdieble BRAVE ] compeisdsiages plug?2' nmay
freely nove in a direction opposite.that of the arrows 210'. As illustrated

in FIGS. 183 Rnflgubdd tolre Wit thddn Rhd OTReSf theOfIXib1S BRidderSAAFI 2y 8nd 14 3éal
configured to nate with the open end 178 of the flexible bladder 54 (FIG 2)

and tas s [ j h ug and
the r iosgi gﬁ\% ngb%ggd%{?&r&gﬁsﬁ %g“g%%ﬁe #géj}%‘g %@Sr%%ggﬁiﬁ Sg'ng;h iﬁ’?{%{% y strong,
nol dabl e d durabl e terial.. ch as a I ric, materi.al ., e.g.,

pol yet hyl anayy CFOPQO%'E@? @%Bqlvgfé’osﬁrﬁ% wlﬁpi%ggﬁﬁa@e&atgnﬁli ﬁ?%h as‘p%l ycar bonat e
for its stress-resistant properties. -The_rear plu 14 co IS an end wal |
276 and sPUTREISERFI F- BT enec i BEGTahodmRsiod GALoBR I Wy i nel udes
a tapered portion 10 220 defining a gradually increasing dianeter in the

di r ect | onPbycarhepate foxits stiepsgesistife DEAPGHics.adhe ranplua 214 corapiises avendyzalle 4
earwardly of the tapered portion 220, a stepped portion 224, a plurality
of out war<fi6yangegide M@Bﬂgfi Hrattas seemhesttim BHG. 128, prsferahlyrpsludes a tapered pdrtion

manuf acturing) angularly spaced relative to each other about the axis of

t he pllug, 220nidfining ageadtaltyein2@8singeditumerelt inghe direotighofi therear ekel ofdhd pligganal | owi ng
fluid conmuni cati on between the interior

annular groove 222 spaced rearwardly of the tapered portion 220, a stepped portion 224, a

plurality of outwardly-protruding protective tabs 226 (or bumps for ease of manufacturing)
angularly spaced relative to each other about the axis of the plug, and an aperture 228
extending through the side wall for allowing fluid communication between the interior

15 chamber 180 of the bladder and the ambient atmosphere. The tapered portion 220, because
of the increasing diameter thereof, provides for ease of assembly of the plug 214 to the

( flexible bladder 54 (FIG. 2) and defines an annular space 230 (FIG. 2) located between the

plug and the adjacent surface of the flexible bladder. As described above and shown in FIGS.
2 and 3, the annular groove 222 is configured to receive the inner annular lobe 192 (FIG. 10)

20 and the stepped portion 224 sandwiches the annular flange 188 of the flexible bladder 54
against the annular ridge 172 of the rigid vial. As best seen in FIGS. 13 and 14, the safety
sealing tabs 226 project upwardly and outwardly from the stepped portion 224 and are
angularly spaced relative to each other about the axis of the plug. The sealing tabs 226 are

provided for locking the plug 214 to the vial 52 (FIG. 2) and are configured to snap-fit within
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15 chanber 180 of the bl adder and the anbi ent atnosphere. The tapered
portion 220, because of the increasing dianeter thereof, provides for ease
of assenbly of the plug 214 to the flexible bladder 54 (FIG 2) and defines

an annul ar 0 (FIG 2) located between the plug a j acent
surface of @ﬁ?ﬁ?é i bl e bl adder. As described above and S&WH&E#S’GS. 2
and 3, the annular groove 222 is configured to receive the inner annular

| obe 192 (FIG 10) 20 and the.stepped portion 224 sandw ches the annul ar

fl ange 18&eahnilirgrédvexioB btthbvid JAG. FYupoadeing prestddeagaimstithaannulad flengt7138 of t he
rigid vial. As best seen in FIGS. 13 and 14, the safety sealing tabs 226

proj ect upfvhe Blagdernsltbetebyvarathtain b aiftight ecab t Mddniopdretase the2dalmgdatna2es
angul arly spaced relative to each other about the axis of the plug. The

seal i ng t Absapedd o@f\@ardlpraemiddﬁﬁﬁi@ﬂb! RFGNA, e tHbstasiBldhap tntd B aingdr 52 (FI G
2) and are configured to snap-fit within -31 WO 02/ 40122 PCT/ US01/ 46089 t he

annul ar ggngV@l 60 Y viElhﬁ%\Veib\%% él((f;thﬁ‘ ca%)uﬁlﬁ@ vBEbRDE '&{e?&wé i gR Oggt%sitk he

annul ar fFange 188 ~ of ¢ r to thereby nmaintaiman airti seal. In

addi tigon, 4 h [ b r wardl y .as shown

typi ca Iydl?%%gﬁé?d t%aribffq%é %qg%é&épgg%%gdsﬁggaée%@% %ﬁg‘;ﬁ}r{\%fgrrﬂmgr oove 168 of
the vial; however he tahs cannot be ed.ouf, O oove in the

opposi t e ETRRPHEaoghetys nﬁﬁ@f"é‘ﬂ? ?6?%359? Errfgp?r(%{)‘:%rﬁé’g ambigal anerture 228
provides for fluid _ communi ¢catiqgn between the annul af space_230, chanber 180
(FIG 2) #mgsehess apdis ﬂé}t%@% Rebedng gengraily rectangaler imcepfigreation; Flpwsastettal | y
rectangul ar in confi gurati on. However, it wll be understood that other
conf i gur awilbprsundexstoed shat ethereonfigurations; fueh ass¢iequlas or ether shapesampy o/ ed,

foviding that a sufficient volune of air may pass therethrough to fill the
interior enmflopdiaptoeiditgIbatafsuffieient valnink loaibinay gess thetethiReghutonfilhthe imerddrGS. 10
and 10A, the flexible bladder 54 also preferably conprises a two-way val ve
234 ax al thantbpatsachihied fhanitildblagdalsing | obes 190 and 192 for controlling the

flow of air between the interior chanber 180 of the bl adder and anbi ent
Returning to FIGS. 10 and 10A, the flexible bladder 54 also preferably

comprises a two-way valve 234 axially spaced below the sealing lobes 190 and 192 for
controlling the flow of air between the interior chamber 180 of the bladder and ambient
atmosphere. The valve 234 comprises an annular operator 235 projecting inwardly from the

5  interior wall of the bladder and having a generally ridge-like configuration in cross section.
As shown in FIGS. 2 and 3, the end portion of the annular operator 235 engages the annular
surface 232 formed at the base of the rear plug 214, and is disposed between the annular
space 230 and the interior chamber 180 of the bladder. The flexible bladder 54 further
defines a plurality of support protuberances 236 that are axially spaced adjacent to the

0 annular operator 235 and angularly spaced relative to each other about the axis 202. The end
surface of each protuberance 236 is spaced inwardly relative to the end of the annular
operator 235 to thereby allow the operator 235 to engage and seal the interface between the

operator and rear plug, while simultaneously ensuring sufficient radial spacing between the

rear plug and flexible bladder for allowing movement of the operator 235 in either direction.
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at nosphere. The valve 234 conprises an annul ar operator 235 projecting
inwardly fromthe 15 interior wall of the bl adder and having a generally
ridge-like configuration in cross section. As shown in FIGS. 2 and 3, the
end portio annul ar operator 235 engages the annul rface 232
formed at %‘2%@2@ of the rear plug 214, and is disposed g@?’&ﬁ@ﬁ“@“ﬁe annul ar
space 230 and the interior chanber 180 of the bl adder. The flexi bl e bl adder
54 further defines a plurality of support protuberances 236 that are

axi al |y spheeas adjbacem thewpthatr 285 amiranhalar wak232 ofith€R5r pinglfamauiivarway spaced
relative to each other about the axis 202. The end surface of each

pr ot uber avalee ARGvingilGidas dowithesethuyh whinothe diffetadtibhresnmd 20fosd the vanaisl ar
operator 235 to thereby allow the operator 235 to engage and seal the

I nt er f aceqFRiiuRes akildy 10PRE @?&ﬁtoﬁflﬁiwﬁlﬁﬁé uridleri€bod Wkt i @dm»y dfARSsHdskof ignSUri ng
sufficient radial spacing between the rear plug and flexible bladder for

al | owi ng i i cof]) | - 40122
PCT/ US01/ %gog‘gﬁ’w%lgé ,té E% S caﬁeﬂg‘éﬁ)%he‘é%? ﬂt“{gg%%%?{é?%ﬁ%‘%k‘%ﬁdds aaﬁ%‘l@r“gg\egl | 232
of thecregar f.orm - WA i | L ow n ' i £ her et hr ough
when e SresPo @Rl Srl it BoskaRs ol e e bRl a1
flex the operator..It.will be understoad that th i gi di.ty. of. the qgperator
s et B R eplemisampaters REna e onss framien 8heflhs BetReteed ont |
exceeds a predetermned 5 threshqld pressure. Thus, a significant_ advantage
of the vafidprevsatsiagegyianexchangs phainothst gases | vapory bptyvesn the mucieramesPheigospher e
within the i nner chanber 180 of the flexible bladder 54 and prevents a
regul ar ewdhiathkpebladdenpnd the ambientpimesphete. Fepexamplse thesialve2Bé alldverair tatbsospher e

‘thin the bladder and the anbi ent atnosphere. For exanple, the valve 234

| ows ai dratvo irie thechhamvber 180 mpbh disgeinsing ére niicanponorditisp sulstance frére theedi canment
or other substance fromthe 10 nmain fluid chanber 55 to thereby allow the
bl addes t pamfuigdchadiber 55 to thérblgy dlpacte bladdeh o exppasdeiisfiilithesptcs aftwt . However,
t he valve 234 otherw se prevents air or vapors from flow ng freely between

the m crogiglcARARARGRRE HHReRhEN VeI ARIRAGKESpreTetiSair i \RpbHs Folr

flowing freely between the micro-atmosphere and the ambient atmosphere. Thus, the micro-
atmosphere within the chamber 180 may define different pressure and/or humidity levels in
comparison to the ambient atmosphere. A significant advantage of this feature is that it
15  insulates the micro-atmosphere from fluctuations in the pressure and/or humidity levels of the
ambient atmosphere, thereby maintaining relatively stable pressure and humidity levels
C within the micro-atmosphere and thus preventing the ingress of air or vapors through the
bladder wall and into the main fluid chamber.
In FIGS. 15A-15C, the dispenser 10 is illustrated in the full, half-full and
20  empty conditions, respectively. In FIG. 15A, the main ﬂuid chamber 55 is filled with, e.g., a
medicament (not shown) that the pump assembly 50 may pump outwardly of the nozzle 58.
Accordingly, the bladder 54 is illustrated in a collapsed state. In FIG. 15B, the flexible
bladder 54 is shown in an expanded condition whereby the bladder has expanded to displace

the volume of medicament dispensed from the main fluid chamber 55. To achieve this result,
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at nosphere wthin the chanber 180 nmay define different pressure and/or
humdity levels in conparison to the anbi ent atnobsphere. A significant
advantage of this feature is that it 15 insulates the m cro-atnosphere from
fluctuations in the pressure and/or humdity |evels of the _anbient

at mospher e, VOREPUEY nmintaining relatively stable pressur ECANGOHMqi ty

|l evels w thin the mcro-atnosphere and thus preventing the ingress of air
or vapors through the bladder wall and into the main fluid chanber. In

FI GS. 15AairTes pdsked ifl tirpitrstion dfGurosvy 240] thidughtiedralve 284 @nd ihtd thelvaedorf ul | and 20
enpty conditions, respectively. In FIG 15A, the main fluid chanber 55 is

filled W tchamier 980 ofthe ABEbleWIRIdbr. (RFIG.SIBCVMAL dispadset TRisRISRaRE SLHImptp0 My
punp outwardly of the nozzle 58. Accordingly, the bladder 54 is illustrated

! ] t ' . o >
expanded SoRReT oer Gy Soeh e bl PRIy bR o R RRL TR G RE BRI 0 e
; di . ) i ) )
Fesut, - 25 W aBRAg 25 Bas R e rlfie) obfh? rERETRTE uikkey MRER AVRUME
40, th h t I 34 dipnto the i j hanb 180 of th

1 exi bhe br detdape pnd fres agedoaind® o dt utsbnety dein o SO BEEES. o an_enpty
condi ti on. As can be seen, the _bI adder 54 is full exfpand,ed agai qut wal | 77
of the rigid vial BeferiagmewiadiGp WAHG sitd @%"%%0 #B¢ iEeAnsEy 04T the rigid

vial to thereby elimnate any ullage 5 or dead space and force all

medi camenpupesesohgerilization, &gy impdiakanoiieneray rdys ipilwstraed in Ief &94.i kg now to

FIGS. 16A-16C, initial assenbly of the dispenser 10 for purposes of

st eri | i zatpaminylag thg rear lplug A1ddslfitied orihaflexineblgyder 8¢ sanditlse plhg ast flexibtdel in FI G
A In particular, the rear plug 214 is fitted to the flexible bl adder 54,

d the pibladdanst gaktellylbh@riedimsldevial62 Pahingabiwaldonts FIGSDA midd o) the vi al 52.
Turning now also to FIGS. 9A and 10, the 10 flange 188 of the flexible

bl 2addqp S4lanpt 188 of thelflRRILRAIhddRY b¥, Wi & the ParfiaBy insé¥ed Positidh,SPaiESMed Wi L hin the
annul ar groove 168 of the vial 52 to thereby formanair-tight, but not a
tanPer-  yithin the annular groove 168 of the vial 52 to thereby form an air-tight, but not a tamper-
proof seal between the bladder and vial. In this state, the dispenser 10 may be sterilized
and/or transported in a sealed condition prior to filling the dispenser with a medicament or
other substance to be contained therein.
15 The filling of the dispenser 10 is illustrated schematically in FIG. 16B,
wherein the flexible bladder 54 and plug 214 are separated from the vial 52 so that the main
(f fluid chamber 55 may be accessed for filling. As can be seen, the annular flange 188 of the
H bladder may be pulled rearwardly and removed from the annular groove 168 of the vial to
thereby open the vial and access the main fluid chamber 55. Preferably, this operation is
20  carried out by transporting the sterilized dispensers through a sterile transfer port, and filling
the dispensers within a sterile filling machine of the types disclosed in commonly-assigned

U.S. Patent Nos. 5,641,004 and 5,816,772, which are hereby expressly incorporated by

reference as part of the present disclosure. During filling, 2 vacuum may be drawn on the
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proof seal between the bladder and vial. In this state, the dispenser 10 may

be sterilized and/or transported in a sealed condition prior to filling the
di spenser with a nedi canent or other substance to be contained therein. 15
The filling of the dispenser 10 is illustrated schematically in FIG 168,

wherein th | exi b] e bl adder 54 and plug 214 are separate vial 52
RIN PR

so that the fluid chanber 55 nay be accessed for can be
seen, the annular flange 188 of the bladder may be pulled rearwardly and
renoved fromthe annul ar groove 168 of the vial to thereby open the vial
and accesdnnenehamtien1$Q ofithe bladdeb ta callgpserthebladdgh apd thetmedicamentern aderi s 20
carried out by transporting the sterilized dispensers through a sterile

t ransf er |sobsancatocbefdohtained therdie ny bp érimdneedwitd themain $luit ¢hambei 33.i ng machi ne
of the types disclosed in commonly-assigned U S. Patent Nos. 5,641,004 and
5,816, 772, whi ch ar askigvabiy REGPTEL Sipyn fillieg thpahdh ddidohambef 55 witlctheas part of
the present disclosure. During filling, a vacuum may be drawn on the -34 WO

02/ 40122 Iftehitcaisiedy ot QRRP subsaRG to b8 36RGMed Sered, tHeTRxIMSBIARTer bl @ glgpse t he

bl adder, and the medi canent or other substance to be contained therein may
be inteod ' Eapzl] |4 : [ , upon
filli ng t%gﬁgr#g}yrr%?fnﬁpﬁi %ﬁatﬁ%ékMSgaI%B%@ﬁ]%éﬁ% | 93‘%@88? t}gé'tki(f'&eCIrfi élgigbst ance to
be contained therein, t . i bl e, bl.add nd_ rear 5 senbly.are
moved | nt SRR Gieehelf wAHe Piier R T ARErS T iy 4, bt AR RIS e
I's noved into engagenent with th ular ridge 172, bhest. seen in FIG 9A
ind o r SSRGS e Serding s 20 gre AR PR PREMiIRg thBEushBoaYes
snhapped into FI ace within the annul ar groove 168 of the vial to thereby
form the 408 ef Gawiahitherghipiorm theartghband tampes-rapof seals dbe digpepssr H0peay these
i(nstal led within the ocular treatnent apparatus 8 described above or other
sui t abl e be instaled within theecudr sisatmenhieppesatiis Salesanibed ayoveonether suifebls, such as

nasal inhalers. In FIGS. 17 through 20, another enbodi nent. of the di spenser
of t h&0pr eppandtus for dispensing medicaments or other fluids, such as nasal inhalers.

In FIGS. 17 through 20, another embodiment of the dispenser of the present
invention is indicated generally by the reference numeral 310. The dispenser 310 is
substantially similar to the dispenser 10 described above, and therefore like reference
numerals preceded by the numeral "3", or preceded by the numeral "4" instead of the numeral

15  "1", or preceded by the numeral "S" instead of the numeral "2", respectively, are used to
indicate like elements. The primary differences of the dispenser 310 in comparison to the
dispenser 10 are that (i) the rigid vial 352 and piston 356 are formed as integral components;
(1i) the nozzle 358 and slide 360 are formed as integral components; (iii) the flexible bladder
354 defines a smooth cylindrical configuration without any discontinuities or ribs formed

20  thereon; and (iv) the rear plug 514 includes a plurality of inwardly projecting legs 538 for
controlling the collapse of the flexible bladder into a predetermined collapsed shape.

As shown in FIGS. 21-23, the rear plug 514 defines a plurality of inwardly
projecting, axially-elongated legs 538 defining a framework within the interior chamber 480

of the flexible bladder 354 for controlling the collapse of the bladder into a predetermined
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invention is indicated generally by the reference nuneral 310. The di spenser
310 is substantially simlar to the dispenser 10 descri bed above, and
therefore |ike reference nunerals preceded by the nuneral "3", or preceded

by the nu "4" instead of the nuneral 15 " 1", or pre he
nuner al "gs&ghgyégb of the nunmeral "2", respectively, areggﬂﬁgmg%M$indicate

li ke el ements. The primary differences of the dispenser 310 in conparison to

the dispenser 10 are that (ilg the rigid vial 352 and _piston 356 are forned
as i nt egr enllapssghsbaren ¥is;shoyn inFIG, &1.by sureently prefamed smbadimegbofiperesmied as
integral conponents; (iii) the flexible bladder 354 defines a snpoth

cyl i ndri cavertmnfingjudea thremlegs 38cmpularly sphicedapptdxmately d 20relativb $o dach nther 20
thereon; and (iv) the rear plug 514 includes a plurality of inwardly

proj ect i ngbouCths akid 3f thefrear pRIB! PatH leBTiet iy respetidRare finttRectingadd dxisofihendder
into a predeterm ned col |l apsed shape. As shown in FIGS. 21-23, the rear plug

514 defingg, @g%%ﬁﬁ @dfinky %I%I'oﬂirﬂ%@fy,cﬂléhar Bﬁé’jﬂﬁﬁEésrﬁO eRkhdhp Yid?dlﬁrbglﬁ&e%ﬁl te€9s 53 8

defining a f work within the“i'nterior chanber 480 of thé flexible
bl add 3 I |l of, T r term ned
735 w0 o2raoie BEPRhEls e ha of e ARE A" AL IEHER, 18 B Rl I T
currently preferred, enhodi,ment of .the present . |.nvention i.ncl udes three | egs
538 angul S8ey42 B gach RIS RORTR spabe ity gsidive ot domier ol of e e SR ¢ e
axis of the rear plug. Each | lies in a respectiyv | ane i ntersecting the
axis of tﬁhsregy@é@meManaﬁaf%gﬁﬁ@?Qweb%%néheyra& s of the lees prdibes 540
extending radially between the 5 axis of the plug and the inner wall of the
rigid viavial A alsposhawnin FIGES19 aud 20 dbelges 138exicad pxinlly ntryde Jugrioschamber | eg i s
adially spaced inwardly relative to the inner wall of the rigid vial to
t'her eby a4800of theoflexitd e bladder & ldéstdnkce suffikientitb allicie thellegswe eonttoh thercallapse ofttiges of
the legs and the wvial. As also shown in FIGS. 19 and 20, the | egs 538

ext enth axbladdey irttthe prddetetriined cellapsddavhdition. 4AQhillluithaged dnsbodihent lehelrldgr a
di stance sufficient to allowthe legs to control the coll apse of the 10

bl adder i sBgextdnds BofE atlgsrabaatoedlRs S6aleaiRai dfittdbladder.t AS shdwnusFI@! ed
enbodi nent, each | eg
24, in the predetermined collapsed condition, the flexible bladder 354 conformably engages
the outer surfaces of the legs 538 to thereby allow the main fluid chamber 355 to be filled
with a medicament or other substance. Then, as shown in FIG. 25, upon dispensing all of the
15 medicament or other substance from the main fluid chamber 355, the resilient nature of the
flexible bladder 354 causes the bladder to expand outwardly away from the legs 538. As
( shown typically in FIGS. 19 and 20, when fully expanded, the flexible bladder 354
conformably engages the inner wall of the rigid vial to thereby eliminate any ullage or dead
space and allow all of the medicament or other substance contained with the main fluid
20 chamber 355 to be dispensed therefrom.
As described above, the flexible bladder 538 is preferably made of a relatively
low permeability elastomer, such as a vulcanized butyl rubber, or other rubbers. Such

rubbers have demonstrated proven stability and/or compatibility with a wide variety of

medicaments, such as pharmaceutical preparations and vaccines, and other substances, and
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538 extends along at | east about one-half the axial extent of the bl adder.
As shown in FIG 24, in the predeterm ned collapsed condition, the flexible
bl adder 354 confornably engages the outer surfaces of the legs 538 to
thereby allow the main fluid chanber 355 to be filled wth a nedi canent or
ot her subst en, as shown in FIG 25, upon dispensi t he 15
nedicanent‘gﬁggfﬂé$ substance fromthe main fluid chanbergggg#&¥ﬁgmresiIient
nature of the flexible bladder 354 causes the bl adder to expand outwardly
away fromthe legs 538. As shown typically in FIGS. 19 and 20, when fully
expanded, therrdore|agsqusteatlyprgfeared faysuch anphsaionabinhewgegly piefsrednner wal | of
the rigid vial to thereby elimnate any tillage or dead space and allow all
of the nednbediment, the flsxibéerbladdes?Hnis maldedtimitn expandedicondiionymnd whewi d 20
chanber 355 to be di spensed therefrom As described above, the flexible

bl adder 53&ilapsedpthefresilidnt yature @€ thefblaldertendsity édrye the bladderontedadllyitéwaré itast onmer ,
such as a vul cani zed butyl rubber, or other rubbers. Such rubbers have
denonst r abgsn@Edd6aaitich.aPhd detilierdTokcey wiBIH R Bl&idet dpplyd prdssareMgdimsitaé flgiy of
medi canment s, such as pharmaceutical preparations and vacci nes, and ot her

subst ancesithfitfe mifh R Ot 955, Bid thbkefoké 42082 hliéhléxe{n%gs‘ﬁfeemai‘lﬁ@mﬁﬂ FRafnt | y

preferred for such applications. In the currently preferre enbodi nent, the

col | apsed RS PeCtolbpRnTEital dhiht RSP SO ] BRicP T IREN - s
outwardly % ondition.

t d it d Th ilient f i.thin th
bl adder  aBlSIR g AieTPal BN Ptesh Ptk Effen of YRR R R ol Bhanber

355, and therefore create .a higher pressure in t in fluid chanber 355
in conpar F€¥ leiotpdderr rgrd virleor %ﬁeéwassrmﬁeﬁ%q%}l ?@f}%ﬁ% higp. JRRIBRLeTIAS
(ésult, the pressure differential prevents the ingress of air_or other
gases or eediesroonfigirationpfdheladder sre praferakly iselecter tqaepintaigra presging diffeaentiaby
otherwise into the main fluid chanber. Thus, the nmaterial and/or
conf i §@r asufiicientito prevens|teeidgessaof@inmr efher giskyorsapers indd theonain finidadhamberpr essur e
differenti al

under a variety of atmospheric conditions. As described above, the preferred rubber

materials disclosed herein for constructing the flexible bladder are exemplary, and numerous
other materials that are currently, or later become known for performing the function of the
flexible bladder may be equally employed.

15 As shown in FIGS. 26 and 27, the spaced protuberances 236 described above
in connection with the flexible bladder 54 of FIG. 10A may be eliminated depending upon

- the material of construction and/or other structural features of the flexible bladder 354. In

addition, the outer annular lobe may take a shape different than that illustrated above in
connection with the bladder of FIG. 10A. Asshown in FIG. 27, the outer annular lobe 490 is

20  defined by an annular raised or thickened portion, and a tapered surface 498 extending
radially inwardly between the lobe or annular raised portion 490 and the outer peripheral
surface of the flexible bladder 354. As shown in FIGS. 19 and 20, the annular raised portion
490 is squeezed against the inner surface of the rigid vial 352 which, in combination with the

axially offset, inner annular lobe 492 being fixedly received within the annular groove 522 of
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10 sufficient to prevent the ingress of air or other gases or vapors into
the main fluid chanber under a variety of atnospheric conditions. As
descri bed above, the preferred rubber materials disclosed herein for
constructing the flexible bladder are exenplary, and nuner t her
material s 9%%?“QF@ currently, or later beconme known for pgeﬂﬁﬁﬂﬁﬂ& t he
function of the flexible bladder may be equally enpl oyed. 15 As shown in
FIGS. 26 and 27, the spaced protuberances 236 descri bed above in connection
Wi th the theeser pidecap|(BH3@3),34ussftherh@erial 0fthedlexibte tadder trenreap addjoeailitmaseupon
the material of construction and/or other structural features of the

fl exi bl e fivwaildihe dizéetions of theddows 504, antl 1565 i FIEY. 22 rnthkemby berkistentlymbiatatn a shape
different than that illustrated above in connection with the bl adder of

FIG 10A arAsirtighosshl bebwéenGhe dxible BRd@H eir siiatldaigid oRE TIAR, the entDsediedfi ned by
an annul ar raised or thickened portion, and a tapered surface 498 extendi ng

radi al 'y f,8¥ekidleYblda8EMS 8Bthiriiall PR REsse i Wheaxidl[§oFRE 108 be@ned i rand t he
outer peripheral surface of the flexible bladdér 354. As shown in FIGS. 19

Curt act o s RAE i SnR RN coBhes i R ARl AR AT

of fset,inner annul ar | obe 492 being fixedly received within the annul ar
groove 529%f -37 WD 02/ 40122 PCT/US01146089 the rear end cap (FIG 23),

cause the material of the flexihbl | .adder to cr nd/or otherw,.se flow
in the directions ¢ SPAENAYRICGANY 1‘5@@&?&%@8‘ Ple ﬁfégefg)ys @6%%8?\9’8&2%
persistently maintain_an airtight seal between the f]|exible bladder, rear
pl ug and aPPExématelyequatly spacedpelaivedo sechyother abqus gheraxis,gf pherlng. Ja@dditips, pot h
gadi ally conpressed at the axially offset |obes between the rear 5 plug and
ri gi d vi atathenthan defindng the lsgaling tabs 826 dascriiediahevef in sonpectien wite HIG.H4, thezgar pl ug
and rigid wvial. As shown typically in FIG 22, the rear plug 514 defines
t hr eel@Gpepltg 5 Bededinss arnpmulax iabats2é progeqiisd dutwsydhcieain e @eripheralt sorfecealf tlet her
about the axis of the plug. In addition, '

rear plug and dimensioned to be snapped into the annular groove 168 of the rigid vial (FIG.

30). The dispenser 310 may be sterilized, temporarily closed, re-opened, and filled in the
same manner as described above in connection with FIGS. 16A through 16C.
As shown in FIGS. 28 and 29, the nozzle 358 and slide 360 are formed

15  integral with each other. One advantage of this construction over the separate nozzle and
slide described above in connection with the previous embodiment, is that the integral
construction is typically less costly to manufacture and assemble, and furthermore, reduces
the number of seals between components and thereby enhances the overall reliability of the
dispenser.

20 As shown in FIGS. 30 and 31, the piston 356 and rigid vial 352 are also
formed integral with each other. As with the integral nozzle and slide described above, one
advantage of this construction over the separate piston and slide described above in
connection with the previous embodiment, is that the integral construction is typically less

costly to manufacture and assemble, and furthermore, reduces the number of seals between
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rat her than defining the sealing tabs 226 descri bed above in connection with
FIG 14, the rear 10 plug 514 defines an annul ar | obe 526 projecting
outwardly fromthe peripheral surface of the rear plug and di rrensi oned to
be snapped into the annul ar groove 168 of the rigid. vial (FIG The

di spenser B %H#2he sterilized, temporarily closed, re-op ﬁ’é’é‘“’“&?f‘a filled
in the sane nmanner as descri bed above in connection with FIGS. 16A through
16C. As shown in FIGS. 28 and 29, the nozzle 358 and slide 360 are forned 15
i nt egral wbmponeats hndthersby eflrmcesdianteagerelidbilithiof theaispensect Inghe aurently he
separate nozzle and slide described above in connection with the previous
enmbodi mentpreférfedtehbditdeat ofithe gresdnt irventivh) the iritedalindz2ly p5& and slide 86Giserde | y to
manuf acture and assenbl e, and furthernore, reduces the nunber of seals

bet ween copPRIAREIS saf thatdiRl 2By ﬂéﬂﬂ@é\ﬁgﬁstbxh%%r\@dl 1350 @ thaddl dfiatr¥atdfelyt he
di spenser. 20 As shown in FIGS. 30 an the piston 356 and rigid vial 352

are also m!)ove eré(ﬂdng) JQBJE 510, 61 ¥ doWlWaRd 4RAEGE @b pfiAZ! € and

slide descrl b vant a this constructl on over t e separate

pi ston andsgl 'Qﬁ%oqirgfcﬁ-}e% g‘l’o é?ssi°gln28 Owog 86] tﬁ@ﬁ% a%R/?‘I{Ar%{'%cosdt I y to

enbodl r ucti yp’ ca ess

manuf acture and and furtheymore, duces t he nunber

bet ween - $8°THHY Ogﬁlﬁ)‘il{b absE HiStqRsesys tO%@rﬁE?ﬁélilﬁ%m%IﬁaSSm@P’éﬁo‘&ﬁéﬁ nces t he
overall reliability of the dispenser. In the currently referred enbodi ment
of the pr ékdsrutwasdlygnd Eh@rebb’lf@mil aflaigriiaht sralbetweendbe B}ﬁfdnﬂ"g dide3ds i s nade of
arelatively soft material, and the integral piston 356 and vial 352 is nade
of a rel ailluseted infiBa3Grdhectin of the puide wall 3edefineomchamfefer ficlining shidia 0, on
(ge downward stroke of the piston 5 356, and upon reaching the conpression
Zone 436 afoverhent sf thd @isBGOwithindherstidat i ve hardness and geonetry of the
illustrated piston causes the piston to force the conpression zone 436 of
the sbide outwar dlBormitg the @itehyl ot slilelofth felaginély S6f hndet fexéble t he pi st on

and slide. As
material allows the compression zone 436 of the slide to flex outwardly in order to remove
the part from a core pin upon molding the part, and thus enables the nozzle and slide to be
integrally molded as a single part. Preferably, compressed air is injected between the core
pin and interior surface 392 of the slide to facilitate removal of the part from the core pin (not
15  shown).
As shown in FIGS. 19 and 20, when the flexible bladder 354 is at or near its
C fully-expanded condition, an annular gap "C" is formed between the bladder and vial. As can
be seen, the width of the gap C gradually increases in the axial direction moving from the rear
end cap 514 toward the closed end 476 of the bladder. As can be seen, the gap C starts about
20  half-way down the axial extent of the bladder and reaches its maximum width at the curved
portion of the bladder between the side wall and end wall 476. The gap C may be created by
forming the approximately cylindrical side wall of the flexible bladder 354 with a sufficient
draft to form the gap upon insertion of the bladder into the rigid vial. The purpose of the

gradually-increasing gap C is to force all fluid within the main fluid chamber 355 in the
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illustrated in FIG 30, the tip of the guide wall 394 defines a chanfer for
facilitating sliding novenent of the piston within the slide. 10 Form ng
the integral nozzle and slide of a relatively soft and/or flexible material
all ows the ression zone 436 of the slide to flex outwgr ' rder to
renove the‘gﬁg?fm Yoma core pi n upon nol ding the part, \Qﬁgq{‘%&fé‘&eﬁabl es the
nozzle and slide to be integrally nolded as a single part. Preferably,
conpressed air is injected between the core pin and interior surface 392 of
t he sl i de directioadeward theeumprasPand preveridhgiprmationofpehpockeisef Bluid wighie the 15
shown). As shown in FIGS. 19 and 20, when the flexible bladder 354 is at or
near its nfajd flyid chamslred duit comdi be dispensed thanefuinar gap "C' is forned between the
bl adder and vial. As can be seen, the width of the gap C gradually

i ncreases in the axAsbhowWutgpicalpninRIGENL dnd Q0) dther thavthe sléght diffepenbdsd t owar d
the closed end 476 of the bladder. As can be seen, the gap C starts about 20
hal f-way @esussatyd chesterthe gag €Nthe BkxibRIdAaBIR e abﬁ@ﬁﬁﬁa?tel?rtﬂfe samgi mum wi dt h

at the curved portion of 'the bladder between the side wall and end wal l

476. The %.?09? -4 ): \; indrical side
wal | _o? the }ﬁ}a@)éfe bl a%ﬁ%;s?gfgg% °&hﬁ,@5@§ﬁﬁ?b‘?‘gﬁéﬁh‘?§ﬂ%¥%&¥‘g rmthe gap
upon i nser . r Li - i Jolo)

or adual 1y oSt B e e g bpful Bl by A GARARTIbpddeE
chanber 355 in.the -39, 0214 2 UsQ1/ 4608 di rection t.oward the punp
350 and prbeidlion fis TERLIRIRGRT o1 SRl b eate B A1 BoRo A it ot o 4
chanmber that cannot be_djspensed therefrom As shown typically i GS. 19
and 20, oOHEF SEREET ORw )4 asmwﬁp@ﬁgrégter ther s dpey diegietsr é%ﬁvgd&hﬂ%tF &p C,

e flexible bladder 354 defines g_ppl‘ oximately the sane 5 nor ohoqlﬁfgtgy as the
interior shanthesdss ofithe fAgidpiiadi Thesedeatgsy in qombinatinn wiiththe resdientnanreefdhe
conform ng engagenent of the bladder with the rigid vial upon full expansion
of t ha0bl &edxible bladder, prevent the ingress of gases or vapors into the main fluid chamber 355, and

ensure usage of substantially all fluid contained within the chamber.
As shown in FIG. 32, the flexible cover 362 defines an annular mounting
flange 380 on one end thereof which is received within a corresponding annular groove 374
formed on the integral piston and rigid vial (FIGS. 30 and 31) to fixedly secure the flexible
15  cover thereto. In addition, the integral piston and rigid vial defines an annular flange 381
adjacent to the annular groove 374 which is received within a corresponding annular groove
382 of the flexible cover (FIG. 32) to further secure the cover thereto.
Turmning to FIG. 33, another embodiment of the dispenser of the present
invention is indicated generally by the reference numeral 610. The dispenser 610 is
20  substantially the same as the dispenser 310 described above, and therefore like reference
numerals preceded by the numeral "6" instead of the numeral "3", the numeral "7" instead of
the numeral "4", or the numeral "8" instead of the numeral "5", respectively, are used to
indicate like elements. The primary difference of the dispenser 610 in comparison to the

dispenser 310 is that the dispenser 610 includes a resealable bladder to allow the bladder to

-40-



In addition, the flexible bladder 354 preferably defines in its fully
expanded condition an outer dianeter (or wdth) at |east equal to or
greater than the inner diameter (or width) of the C chanber 355 of the rigid
vi al . Thes%w; g,es, in conbination with the resilient ”?éHﬁﬁnﬁhmBhe 10

fl exi bl e bl'adder, prevent the ingress of gases or vapors into the main fluid
chanber 355, and ensure usage of substantially all fluid contained within

t he chamber . Sho in FIG_ 32, the flexjible cover, 36 fi nes an annul ar
mount i ng be ﬁ‘a@é@ 3poco anachiae pbF Bt a@lmgo-w&%%écﬁq Breni n
correspondi ng annul ar_groove 374 fornmed on the integral piston and rigid
vi al ( FI G8pplxgtiemersd Nog 09/78 1344, filed debruaryt1Re2001 ewhish & assigpestetha 3®€et 0. 1 n

addition, the integral piston and rigid vial defines an annular flange 381
adj acent Assigrive anthe preaent guveotion, 37d isdiereb expresskydntorparated by ireferancems pag pondi ng
annul ar groove 382 of the flexible cover (FIG 32) to further secure the
cover theogthepredent discigsred FI G 33, anot her enbodi nent of the di spenser of
the present 1nvention is indicated generally by the reference nuneral 610.

The dispenser 610 i%s shBwsWDFIGIEI Ak fiéxibReifiaems5a sndhitRs dh 3B eRS&y end 796 a
descri bed above, and therefore |like reference nunerals preceded by the

UM a1 g P VAT RIUosed nd 7169 B Tl Empiigtheol L e

nuneral "4", or e numnera I nstead of e nuneral "5", respectively,

are used bl Rli6a84 1 4] RSB LRI (L SEERGS Ay e di spenser

610 in conparison I spenser I'S irspenser 610 includes a
reseal abl e bl adder to all] ow the bl adder, t.0.-40 WD 02/.40122 PCI/ USOL/ 46089
be fill edn\eﬁcﬂn‘?’?@f?@g Sfli’é%‘l“fcﬁéo h%‘écmgaﬂ’éedo ﬁ’t“h e%&b‘fiéf ’I“Bé%(? Prf™0- pendi ng

. S. Patent. Applicatiqn Serial, No. 09/781, 846, filed February 12, 2001,
‘\ghi ch i s ddimeyorets Wr?ﬁéldg%edlwbﬁ@éseésw##@ ipfprded e b RrRsnt ®n, and is
hereblvﬁexpressly i ncorporated by reference as part of the present,

di scl B ur ethemyissplagadinrontpciyith thepredeteamingd sedicament o aber shatapeecopdivgd on it s

closed end 776 a )
within the main fluid chamber. The resealable portion 844 is penetrable by a needle or like

filling member for introducing the predetermined medicament or other substance through the
flexible bladder and into the main fluid chamber. The penetrable region of the flexible
bladder is formed of a vulcanized rubber, and therefore is substantially infusible in response
15  to the application of thermal energy thereto. The penetrable region of the resealable portion
844, on the other hand, is fusible in response to the application of thermal energy thereto,
thus allowing the penetrable region of the resealable portion to be hermetically sealed upon
removing the needle or like filling member therefrom. In the illustrated embodiment, the
resealable portion 844 is insert molded onto the rubber bladder during which the
20  thermoplastic resealable layer bonds itself to the underlying rubber layer. If necessary, a
mechanical fastener of a type known to those skilled in the pertinent art may be used to
facilitate attachment of the resealable portion to the end wall of the flexible bladder.
The resealable member 844 is preferably made of a resilient polymeric

material, such as a blend of the polymeric material sold by GLS under the registered
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reseal abl e portion 844 overlying the closed end 776. In the illustrated
enbodi nent, the flexible bladder 354 is fornmed of a first materi al
conpatible with the predeterm ned nedicanent or other substance to be
cont ai ned wybhi g sne main fluid chamber 655, and defines ,en ddhS4hest €r nal
si de a medi canent -'exposed surface intended to be exposed or 18 d% erw se
pl aced in contact with the predeterm ned nedi canent or other substance
contained within the main fluid chanber. The reseal abl e portion 844 is
penet r abl &afgmazk KRAFHQN@and a low-density palyethulens sushas thepalydbdensgoldhy
predeterm ned nmedi canent or other substance through the flexible bladder
and i nto Do Ghemicdl Coi endehtwtiedemarke ENSACIE Mior EXALH n Aot impeetaiit|featirp P&

bl adder is forned of a vul cani zed rubber, and therefore is substantially

i nf usi bl e therreseakeple meebeb 844bis et itdppesealable onfonh aighetightised mfepipsartig 2t 0. The
penetrabl e region of the resealable portion 844, on the other hand, is
fusi bl e | Reddds sRite of hikd dEcEMDMeRBE thidugh the Reediztle fiembely Rrbferablyothe t hus

al l owi ng the penetrable region of the resealable portion to be hernetically

seal eds UPQLlealsEREMBE dal Be BREM 1Y Wehtidg the afeh phichBed By I8 hebdl it mtMher | N t he
Il lustrated enbodi nent, the resealable portion 844 is insert nolded onto

the rubbeg, Ese Qb h tﬁ%h&éﬁn%ﬁ%%ﬂd {i%‘éﬁﬁ@&% ﬁétab&é-ﬁéﬁ?dxﬁﬁl:@-géﬁvff bonds

itself to the underlying r ayer. necessary, a mechani cal Ttastener

aci i1 o BRrReiAur gfe &tbors ol P HARi BB Bes Hhia Bo¥e St M i fim,

flexi bl e bl adder. .The resealable nenber 844 is preferabl de of a

oo T ent CBMRZE 1 Geaiee 5y AR T PRIGEReRt g QB SO CETe, AReped HaEs | o
old by GS under the,re%istered -41 WO 02/ 40122 PCT/ US01/ 46089 trademark

TON( r ) PabyEenin ompraéses @ ERATQN®pelEne, such as the pol yet hyl ene sol d by

Dow Chem cal Co. under the trademarks ENGAGETM or EXACTTM An inportant
featul@® of the reshashapindn FEGIFS; the4epr phigtSh4 defines pdillingangrtuts 846 formedr m a
gas-tight seal after inserting a needle, syringe or like injection nenber
t hr ough t Heratleeeghl sl lozentyEngthe resPaletle mehibyr 844hé\s shown in broken lines in FIG. 33,

a double lumen needle or like injection member 848 may be reciprocally moved through the
filling aperture 846 to, in turn, pierce both the resealable member 844 and underlying closed
end 776 of the flexible bladder. The injection member 848 is coupled in fluid communication
15  with a source (not shown) of medicament or other substance to be contained within the main
fluid chamber 655 and is actuated to fill the chamber with the medicament or other substance.
Upon filling the chamber, the flexible bladder 654 is collapsed into its predetermined
collapsed condition, as shown above, and the needle is withdrawn. If necessary, a vacuum
may be drawn on the interior chamber 780 of the flexible bladder during filling to facilitate
20 collapse of the bladder. Upon withdrawing the needle, a laser or other energy source (not
shown) transmits a beam of laser radiation onto the penetrated region of the resealable
member to seal the needle hole in the manner described in the above-mentioned co-pending
patent application and thereby maintain the medicament or other substance contained therein

in a sterile, hermetically sealed condition. The filling aperture 846 may be sealed with a cap
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5 reseal abl e nenber can be seal ed by heating the area punctured by the
needle in a manner known to those skilled in the pertinent art and
described in the above-nentioned co-pending patent application.

advant age ended pol yner descri bed above is that

m nimze tﬁ&oégngé to which the nmedi canent or ot her subs?gﬁééaégﬁ

absorbed into the polyner in conparison to KRATON(r) itself. 10 As shomn in
FIG 33, the rear plug 514 defines a filling aperture 846 formed

t her et hr o8gth(shein staeksy lings)te mapniain &eameormgmgw 780 0f thedlexihbsfladder iraoken
lines in FIG 33, a double lumen needle or |like injection nenber 848 nay be
reciprocakmdeDmﬁdOmhrough the filling aperture 846 to, in turn, pierce
both the reseal abl'e nenber 844 and underlying closed end 776 of the

flexi bl e bl adder. TAemappercognizedbyittise SidBed i thopapliait annbised balthwonuni cat i on
15 with a source (not shown) of nedicament or other substance to be

cont ai nediedtHi sfheirdikﬁ niiefous EHadbéh H0 AiHASEcafidrls dYthel hadRd u@ta‘ﬂevé-&esf:mﬁeh the
chanber with t nmedi cament or ot her substance. Upon filling the chanber,

the flexi chﬁotﬂér%%%wseﬁf’s df%eﬁ%é&ﬁtgﬁﬁééggxﬁmtﬂo%de?&@igh%m Bpe &efiARS ed

condi t1 on, above elrs w necessary, a
vacuum t der
during fi th I{%w ﬁ%‘s R cor@%fl &bﬂsgg@n%&ésfﬁé&gl&g g%ed ?ﬁéﬁgiﬂ? HES ?Eaz)vvl ng
t he needl | aser.,. 0 other ener ource (not shown) transmts a beam of
| aser radg"l“oﬂzzl n&ﬁf]&usl&ﬁtévep@%@é’?saﬁfig% ?Bﬁﬁ“&gnse ¥ the reseal able menber to seal
the needle hole in the nmanner described in the above-nenti oned co-pendi ng
pat ent application and thereby naintain the nedi canment or other substance
ontained therein in a sterile, hernmetically sealed condition. The filling
aperture 846 may be sealed with a cap -42 WD 02/40122 PCT/ USOL/ 46089 850
(shown in broken lines) to maintain the interior chanber 780 of the flexible
bl adder in a sealed condition. As may be recogni zed by those skilled in the
pertinent art based on the
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t eachi ngs herein, nunmerous changes and nodifications may be nmade to the
above-described 5 and other enbodi nents of the present invention, wthout
departing fromits scope as defined in the appended clains. Accordingly,
this detailed description of preferred enbodinents is to be taken in an
illustrative, as opposed to a limting sense. C -43 CLAIMS 1. A nethod for
storing and dispensing a sterile fluid, conprising the follow ng steps: (i)
storing a sterile fluid in a vari abl e-vol une storage chanber of a device

her met i dlAIMSseal ed with respect to anbi ent atnosphere, wherein the device

i ncludes a housing, a flexible bladder received wthin the housing and .
defi ni ng t he lvar i Alshathodddrstasing arsdisgensing awlosle fludnepmprisingthadyllowiigweps: ncl udi ng
an elastic valve nmenber having a thickness and form ng an axi al | y- ext endi ng
i nterface havi stgringrs stexilegfluidsin @ evpriablegiobiateesioragh ehmmbpreof @ e dderheguctioflysepdedval ve
menber and formng a normally closed axially-extending valve opening; (ii)
di spensivid) respgst ipragibienyatrofsphiird, ideremithayisyics inpludes p housmgsa axiblleebladderi recerye
different points in time from the variabl e-vol ume storage chanber through

t he one-wihy thediousingand defindiathe Yariabletveliwagoraggraanbes ene pdiaway valye inclidingén i on
substantially parallel to an axis of the one-way valve at an inlet to the
nor mal | yelaglicoglvd membsrdavingyethickepsseand foriningtap pxiallymaxtandigs intresfagediaving peaiid extenst ween
the normal ly closed position, and an open position with at |east a segnent
of the zatgethpthp hickagsaefdle wlgynemberand feming @ sergnafp elpsed exalboexénding kalve he

val ve opening in fluid communication with the variabl e-vol une storage
chanber og#dn& hereby all ow the passage of fluid fromthe vari abl e-vol une
storage chanber through the valve opening; and (iii) maintaining the sterile
fluid w thin(DKispeaing apluelipaf difisreat rortipgeoldhasiasids flud ahdiffeseng prints dimedtatal | y
sealed with respect to anbi ent atnosphere throughout steps (i) and (ii). 2.
A et hodhea@righis-yoheep stasage|chanphen thropgfethe pie-wayeyalyp Bpeianingfluid dpng arethyssdipinpi ng
with a manually-engageable punp a plurality of different portions of the

st eri | e 1 p giregtion subgtanfi ]ryé)mallfjé(p it aXisjof the jopgsway valve at an inlet to the normally closed valve

opening and, in turn, moving the valve member between the normally closed position, and an open
position with at least a segment of the valve member spaced away from the closed position to connect the
valve opening in fluid communication with the variable-volume storage chamber and thereby allow the
passage of fluid from the variable-volume storage chamber through the valve opening; and

(iii) maintaining the sterile fluid within the variable-volume storage chamber sterile and

hermetically sealed with respect to ambient atmosphere throughout steps (i) and (ii).

2. A method as defined in claim 1, wherein the dispensing step includes pumping with a
manually-engageable pump a plurality of different portions of the sterile fluid at different points in time

from the variable-volume storage chamber through the one-way valve.

3. A method as defined in claim 1, further comprising the steps of:
sterilizing the empty variable-volume storage chamber; and

sterile filling the variable-volume storage chamber with the sterile fluid.
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fromthe variabl e-vol une storage chanber through the one-way valve, 3. A
nmet hod as defined in claiml, further conprising the steps of sterilizing
the enpty vari abl e-vol une storage chanber; and sterile filling the

vari abl e-vol une storage chanber with the sterile fluid. -44 4. A nethod as
defined in claim1l1, wherein the dispensing step includes punping a plurality
of different portions of the sterile fluid at different points in tine from
the variabl e-vol ume storage chanber through the one-way valve. 5. A nethod
as defined in. claihmehodwhest@edintchen patterersthsdilshan staplincfudsd puaipitata. plurfity A
device for storing and dispensing a sterile fluid, conprising: a relatively
ri gi d ouf éiffedomapyrtions dfltiextcbilecluidun @iffefzhigpdihesin fige &bmekcb watilidi-tolithestabgeer body
and defining a variable-volunme storage chanber, and a one-way val ve

i ncl udi rbanster @toagt the oneakayevalvenber having a thickness and formng an

axi al ly-extending interface having an axial extent greater than the

t hi ckness of the valve nenber and defining a normally cl osed,

axi al | y- ext eddi ng Auadthod ao efinedig clagm dl, vetrereinthepatlt i9 subktentiafly stedighy - ext endi ng
interface defining a fluid flow path in conmunication with the variable

vol ume storage chanber and extending in a direction substantially parallel
to an axis ob. t heAdkmacavaystoraigwueq divdeesieg astarieefluid abruismgnber i s novabl e
between a normally cl osed position, and an open position with at |east a
segnent of the elastic valve nmenber spaced away fromthe closed position to
connect the vallatizelypgidiongr bady, o fenibl intsnbtaddecraedivea withintihesouter bedyland ddfinind f r om
t he vari abl e-vol une storage chanber and thereby allow the passage of the

st eri | e afvhurbte-wohwsistprage leambpal, gl aopeiwan yalve indudizgranglbsistec vable membetheviage chanber
is filled with the sterile fluid, the sterile fluid is hernetically seal ed
in the vkigknedsleed fpuningren axialy-axfenditgantordace haying aniekiel ckicabdr¢sies thoh thd daekness df
one-way valve maintain the sterile fluid within the vari abl e-vol une storage
chanmber thetvalve membgrdndéafiveg iacainally slesel edialli-ehiendag yelye opevingrabd enmnlehtonisspher e
t hroughout dispensing a plurality of different portions of the sterile
fluid fremx-exending miggaccdedinber flud flowghththemanaicpikap Wikl thevarigble yolgestaegeas

defined in claim®6, further conprising a punp for punping a plurality of
chamber and extendmg in a direction substantially parallel to an axis of the one-way valve, wherein the

valve member is movable between a normally closed position, and an open position with at least a
segment of the elastic valve member spaced away from the closed position to connect the valve opening
in fluid communication with a sterile fluid from the variable-volume storage chamber and thereby allow
the passage of the sterile fluid through the valve opening, the variable-volume storage chamber is filled
with the sterile fluid, the sterile fluid is hermetically sealed in the variable-volume storage chamber, and
the flexible bladder and one-way valve maintain the sterile fluid within the variable-volume storage
chamber sterile and hermetically sealed with respect to ambient atmosphere throughout dispensing a

plurality of different portions of the sterile fluid from the storage chamber through the one-way valve.

7. A device as defined in claim 6, further comprising a pump for pumping a plurality of
different portions of the sterile fluid from the variable-volume storage chamber through the one-way

valve.
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different portions of the sterile fluid fromthe variabl e-vol une storage
chanber through the one-way valve. -45 8. A device as in claim®6, wherein
the path is substantially straight. 9. A device for storing sterile fluid
and dispensing nmultiple portions of the stored fluid therefrom conprising:
an outer body; a flexible bladder received within the outer body and
defining a hernetically seal ed, variable- volune storage chanber containing
therein nultiple portions of sterile fluid hernetically sealed with respect
to anbi ent at nosphere; a one-way val ve conprising a val ve nmenber having a

t hi ckness anél f or AReviafas ancl@nds vhaeinak @hth &l substndalfyGrraigiitg an

axi al l y-extending interface having an axial extent greater than the

t hi ckness of the valve nenber and defining a normally cl osed val ve opening
and an inl et 9t o tAdevial fuestaingsicnly fldefahddingnang huliiple pértiow optt btoien fluid

communi cation with the variable vol une storage chanber and extending in a

di rect i dnrefrembsigntingl |y parallel to an axis of the one-way val ve, wherein
the val ve nenber is novable radially in response to sterile fluid at the
inlet to theavaitardoypeni ng exceedi ng a val ve openi ng pressure between (i) a
normal Iy cl osed position and (ii) an open position with at |east a segnent
of the val vea flentiebladlearenived mattiinabd outeab@ly afid dafininge hetnetedly padeidt vacabl¢-o
connect the valve opening in fluid communication with the sterile fluid and
t her eby velluheworagrechgiear cngaifihgiihereinonuiteladhiosipensistiriteruodigimetivellysadledwiipeni ng,
wherein during dispensing of fluid through the one-way val ve, the one-way
val ve amdpstiopmygentaimeespere;mai ntain fluid remaining in the storage chanber
sterile and sealed with respect to anbient atnosphere; and a punp coupl ed
bet ween t he wanrd-why velve obroprisingorlagmenbra hbeng aghidknessemddymeddiize elasie nmtsmitli gur ed
to punp sterile fluid fromthe storage chanber and into the val ve opening to
di spensend themifig an aially-hgenstidgrigenddes havikg an axial extent greater than the thickness of the valve

member and defining a normally closed valve opening and an inlet to the valve opening defining a fluid
flow path in communication with the variable volume storage chamber and extending in a direction
substantially parallel to an axis of the one-way valve, wherein the valve member is movable radially in
response to sterile fluid at the inlet to the valve opening exceeding a valve opening pressure between (i) a
normally closed position and (ii) an open position with at least a segment of the valve member spaced
radially away from the closed position to connect the valve opening in fluid communication with the
sterile fluid and thereby allow the sterile fluid to be dispensed through the valve opening, wherein during
dispensing of fluid through the one-way valve, the one-way valve and storage chamber maintain fluid
remaining in the storage chamber sterile and sealed with respect to ambient atmosphere; and

a pump coupled between the variable-volume storage chamber and one-way valve and configured
to pump sterile fluid from the storage chamber and into the valve opening to dispense the fluid

therethrough.
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10. A device as defined in claim9, wherein the one-way val ve further
i ncludes a val ve body defining an axially-extending val ve seat and a fl ow
aperture extending through at | east one of the valve body and the val ve
seat, the elastic valve nmenber includes an axially-extending val ve portion
overlying the valve seat and covering a substantial axially-extending
portion thereof, the valve portion forns an interference fit with the valve
seat, the valve portion and the val ve seat define an axially-extending seam
t herebetween form ng the val ve opening, and the valve portion engages the
val ve seat i mo.t heAckvused defrediid dl4m.9, Whereiithd ond-w&y asved@theni@cludes a hlad v6d3 0,
wherein the valve portion includes a substantially annular segnent that
engages detfirgngrmlaviellseddnding baitadettaad b flow Beoung auiditropgt dt edstofic dlitlepaisi ng
fluid through the valve opening to maintain a hernetic seal between the
val ve opedy ang theralvasehi, e klast@tvailos phebe inclides ah adiely-@endisg daifd pediwbni overblirdi m 9,
wherein the vari abl e-vol une storage chanber stores the sterile fluid
t her ei n thervalve saabsiti aometiag 4 yubaamthestllgexietidinggortidil theregf, Sleehiive pirfien fam an
di spensing of sterile fluid through the one-way valve. 13. A device as in
cl ai m 9 ,intefeedned fit viithehepatvia s¢ag tiswast astioradnd yheshlvabsgghdefind ¢h axAllpektoithgfseam
storing sterile fluid and dispensing nultiple portions of the stored sterile
fluid thierdtwedn fomangthe edlvegpptlisg, bl thowilve@osioe prages thervalvg saat @mttlerddsed fl uid in
t he vari abl e-vol une storage chanber of a device hernetically sealed with
respect pogticanbi ent at nosphere, wherein the device includes a housing, a
fl exi ble bladder received within the housing and defining a hernetically
seal ed, vari abl e-vol une storage chanber containing therein multiple
portions of $t.eri Aealefibarsdefired metldimdl)] whessrathedelwi poftion @shees a substantrilye nt
at nosphere, and a one-way valve conprising a valve nenber having a
t hi ck nessnuéansegfrontriied enghgea theeklys tdatsubsiang pliyahroaghdutfapy perivg ofidispedsing fluid
axi al l y-extending interface having an axial extent greater than the
t hi ckneglgough thehvelve apenimg hemivaeinarhdrmefioseal iegvean theo valed dpgniog asledbient
axi al l y-extendi ng val ve opening and an inlet to the val ve openi ng;

atmosphere.

12. A device as defined in claim 9, wherein the variable-volume storage chamber stores the
sterile fluid therein in a substantially airless condition during shelf life and dispensing of sterile fluid

through the one-way valve.

13. A device as in claim 9, wherein the path is substantially straight.

14. A method for storing sterile fluid and dispensing multiple portions of the stored sterile
fluid therefrom, comprising the following steps:

storing a sterile fluid in the variable-volume storage chamber of a device hermetically sealed with
respect to ambient atmosphere, wherein the device includes a housing, a flexible bladder received within
the housing and defining a hermetically sealed, variable-volume storage chamber containing therein
multiple portions of sterile fluid hermetically sealed with respect to ambient atmosphere, and a one-way

valve comprising a valve member having a thickness and formed of an elastic material and forming an
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punping sterile fluid along a path extending in a direction substantially
parallel to an axis of the one-way valve at the inlet to the val ve opening
to a pressure at |east equal to a val ve opening pressure and, in turn,
noving the elastic valve nenber between (i) a normally cl osed position and
(i1) an open position with at |east a segnent of the valve nenber spaced
radially away fromthe cl osed position and, in turn, dispensing sterile
fluid fromthe vari abl e-vol une storage chanber through the val ve openi ng;
and dur agglyddxfnang infugfa@f halih g hidaxidn eaeg BrebtB@h MR WRWNeYAI IR, valvB idinBérahdig f1 ui d
remaining in the storage chanber sterile and sealed with respect to anbi ent
at nos phesringhmornfllfeloked Caxasly-detndivgtaive ofdnini Bhdlfh inlkiib tHe@tlve pvpigSsi Nng t he step
of punping fluid fromthe storage chanber and into the valve opening to

di spense t hepilirhpihghstdritefigd logdath ekfendidy iMtdiediomsubgtaitiang farklt] ©lad ks dethe
wherein the path is substantially straight. 17. A device for storing sterile
fluid ange-ahs@dest hginteiotthdabrePpdningas s pefsufcRelest aueido b halldopehihgpredstirom
conprising: an outer body; a flexible bladder received within the outer body
and def iafd, igum, hevimEhe aastit yalscadstdr batdden @ilph formuiy) ¢losed pésdioagad Ginandpen
containing therein nmultiple portions of sterile fluid hernetically seal ed

W th resqeatwithat Biba egmedlonhs phied @embee spasediraliallfy atvay faign e cixéddobijlereaniendi ng
interface defining a normally cl osed opening and an inlet to the opening
def i ni nan tarnf dispedsidg stanlgptidfrom the oAbtk oainieGorage tiantbbrethnoagh thdldvewpbitimge asit or age
chanmber and extending in a direction substantially parallel to an axis of

t he axi al | y- eéxingridperging of farid theomgh thh eneaegnalva) msdintaifiag {100 vénghingin tlespeagse t o
fluid at the inlet to the opening exceedi ng an openi ng pressure between (i)
a nor mehdmbecdtdeshd peasddtwithiespénd to(anibjenedimaypheie. posi tion with at | east a
segnent of said neans spaced radially away fromthe closed position to
thereby allow sterile fluid fromthe vari abl e-vol une storage chanber to -48
be di spensedl1i.hr oAgihettodes dgfi@ed inglaina v fifrther avenpridigg the sigp dflpuinping 8wdifmoinlge i n t he
storage chanber sterile and sealed with respect to ambi ent atnosphere

duri ng diosgeciwinhe aod infd thé chlvelpeungto dapeasatbathsd thedetraign sai d

16. A method as defined in claim 14, wherein the path is substantially straight.

17. A device for storing sterile fluid and dispensing multiple portions of the stored fluid
therefrom, comprising:

an outer body;

a flexible bladder received within the outer body and defining a hermetically sealed, variable-
volume storage chamber containing therein multiple portions of sterile fluid hermetically sealed with
respect to ambient atmosphere;

means for forming an axially-extending interface defining a normally closed opening and an inlet
to the opening defining a fluid flow path in communication with the variable volume storage chamber and
extending in a direction substantially parallel to an axis of the axially-extending interface, the means also
for moving in response to fluid at the inlet to the opening exceeding an opening pressure between (i) a
normally closed position and (ii) an open position with at least a segment of said means spaced radially

away from the closed position to thereby allow sterile fluid from the variable-volume storage chamber to
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means defines a thickness, and the axially-extending interface defines an
axi al extent greater than the thickness; and a punp coupl ed between the
vari abl e-vol une storage chanber and said neans and configured to punp fluid
fromthe storage chanber and into the opening to dispense the fluid

t heret hrough. 18. A device as defined in claim17, wherein said neans is a
one-way valve conprising a valve nenber forned of an elastic material and
formng a normally closed val ve opening and an inlet to the valve opening

in fluige SQeRDinEREL 8 opénidy, 4nl SorVididiARhEAN ORI IBragHIRBEr stciR@h@i N t he
valve nenber is novable radially in response to fluid at the inlet to the

val ve OR&RHMh 8XseEdhnBied abRdsHiRre RRBEEIENIM ST AUIICnrBGIWEIR Mhebis) whdi@n By nal |y
cl osed position and (ii) the open position with at least a segnment of the

val ve npihe GeffRas Atdkhicad] b thy axane¥xikh i ihb@ace omRaPAS bt gleReGRANRCT t he
val ve opening in fluid communication with the variabl e-volunme storage

chanber maeest;Rgd eby al low fluid fromthe variable-volunme storage chanber to
be di spensed through the valve opening. 19. A device as in claim17, wherein
the path is splhigiRopldbetwees teahiHble-voludld stofagpBHiaRBel 60 BRI mSinB gid PhMredithy a

plurality of cartridges for storing and di spensing an ophthalmc fluid, the

pl ural i pymPfluid fréh tHelsBeRS cl@ibecng iasthasichb to/diipdies tHeqrld théeBRdggianot her and
each having a vial, a punp, and a nozzle, the vial including an interior
fluid receiving chanber defined therein, the punp being in fluid
communi cat i ors. W A levideas tidflnedinrc@or il Viwngrethaidetnsfiof ofeungyivaige eonfiprisingar ecei ved
therein fromthe cartridge, the nozzle being disposed in fluid
comuni egtd rginbst fofmddng apelngdic fraterisllah®mihigg b hempisdege valve dpbtingandpae thidt toui d
t heret hrough, the cartridge further having a casing that retains the nozzle,
t he punmhe vaingodehigg in fRlkd @irhangebn with thehatiable-eimedi @G charhter) gihtrgiitheatalvaxi s
nmoving in a direction toward a posterior end of the cartridge, and an
act uat omempe isahovwalik yadatiy pl regpoiise td thed puttepnlet-td e ivaisd aehing egxcaddidgaaalve one of t he
plurality of cartridges in an ophthal m c di spenser having an actuator to
oper at i ughing pesyptetbetwaei tigtheaorinaliydd®ed pdsieiveand (Actheigich positoh withet lagst aiat or
initiates dispensing; and

segment of the valve member spaced radially away from the closed position to connect the valve opening

in fluid communication with the variable-volume storage chamber and thereby allow fluid from the

variable-volume storage chamber to be dispensed through the valve opening.
19. A device as in claim 17, wherein the path is substantially straight.

20. A method comprising:

providing a plurality of cartridges for storing and dispensing an ophthalmic fluid, the plurality of
cartridges being substantially identical to one another and each having a vial, a pump, and a nozzle, the
vial including an interior fluid receiving chamber defined therein, the pump being in fluid communication
with the fluid receiving chamber for pumping a fluid received therein from the cartridge, the nozzle being
disposed in fluid communication with the pump for allowing the passage of the pumped fluid
therethrough, the cartridge further having a casing that retains the nozzle, the pump, and the vial arranged
in that order along a longitudinal axis moving in a direction toward a posterior end of the cartridge, and an

actuator operatively coupled to the pump;
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using at |east one of the cartridges to dispense ophthalmc fluid w thout
installing the cartridge in an ophthal mc di spenser having an actuator to
operatively couple to the cartridge. 21. A nethod conprising: providing a
plurality of cartridges for storing and di spensing an ophthalmc fluid, the
plurality of cartridges being substantially identical to one another and
each having a vial, a punp, and a nozzle, the wvial including an interior
fluid receiving chanber defined therein, the punp being in fluid

conmmuni cation wth the fluid receiving chanber for punping a fluid received
t her ei n f r oninstAldingair¢asti o ef the plerakiy 2f ¢aciridgss mgpn opltbadmisalibpenserthiavingian actuator
comuni cation with the punp for allow ng the passage of the punped fluid

t her et hipgHtivelrouplg forths ergEdgeyvhasen aqiuptiphef the scidtongitilsatisreating Axd t he nozzl e,
the punp, and.the vial arrange in that order along a |ongitudinal axis
rovi hg T o BHCI A S e ipanas ot Pl e e e

actuator_operat.iyely coupled to.the punp; providing a.plurality of
dispensé?%%§8§36§8”¥%r@%§1F&%“&ﬁat%%%F§§%Y§HBE8H??g?%ﬁ@%, the plurality of

cartridges being substantially identical to one another and bei ng capabl e of
operation as a stand alone unit or in the dispenser; selling at |east one
of the cartrpdgesainRi@ehhpaiion wth at |east one of the dispensers; and
selling at | east one of the cartridges without a dispenser. 22. A nethod for

filling an opftiamb dipRirditsdTRn&Rizes tbiieorAR ldEdpBisthedh SPENSAL MGRIMBE bistlg of
rigid housing defining a first fluid-receiving chanber, and a flange
def i ni ngaraidgadeing sibktantEily @iesicylito gne anbraeriagd eaalx havidgy vighagadhpy @l ahoazke, the t he
first fluid receiving chanber and connectable in fluid conmmunication
t her ew tvh/ ingludihgoni iftkeor Blualdeeivingehambendefiaed thaeeial thy/pumpt temgiinguith odymyporationon
receivable wthin the first fluid-receiving chanber of the housing, a first
annul ar “&té dieiflyig regpvingebamben fpr gusRieshuid rsaiyed thergdfpm g cagrdea.dee nogilabaing
spaced on an opposite side of the first annular sealing surface relative to
the axidspesgd BAEFaMAYRBRSEY Wb feipemp &5 allovarsethe passage of thhpuspeh8uid] ange of the
housi ng;. a pu oupl.ed in fluid -50 communi cation with the firs
(i a7 SeBbeeg Brid fidherinea caiwiiat S O Ro2fy APHEP N H RHTHR ar
in that order along a longitudinal axis moving in a direction toward a posterior end of the cartridge, and an
actuator operatively coupled to the pump;
providing a plurality of dispensers adapted to receive and operate the cartridges, the plurality of
cartridges being substantiaily identical to one another and being capable of operation as a stand alone unit
or in the dispenser;

selling at least one of the cartridges in combination with at least one of the dispensers; and

selling at least one of the cartridges without a dispenser.

22. A method for filling an ophthalmic dispenser, the ophthalmic dispenser comprising: a
rigid housing defining a first fluid-receiving chamber, and a flange defining a second fluid-receiving
chamber axially spaced relative to the first fluid receiving chamber and connectable in fluid
communication therewith; a flexible bladder defining an axially-extending body portion receivable within
the first fluid-receiving chamber of the housing, a first annular sealing surface, and a second annular
sealing surface axially spaced on an opposite side of the first annular sealing surface relative to the

axially-extending body portion and receivable within the flange of the housing; a pump coupled in fluid
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axi al l y-extendi ng val ve seat, an outlet aperture coupled in fluid

communi cati on between the valve seat and the punp, and a flexible valve
cover extendi ng about the valve seat and form ng an annul ar, axially-
extending interface therebetween, wherein the interface is connectable in
fluid comunication with the outlet aperture, and at |east part of the

val ve cover is novable between (i) a normally closed position with the

val ve cover engaging the valve seat to close the interface and form a
fluid-tight seal therebetween, and (ii) an open position with at |east part
of the vahnaicosewitishabsdfhadvegeifingchatmbe; ¥adzvle cemaisinga vales jpolndieg sroanndlhrui d
flowing through the outlet aperture at a pressure greater than a val ve

openi ng ayelyssxtending valvel sbasyentohidet apestursagupladfin flvid seumimetiorf betvagn theeprlabesativeen;
and at | east one spring drivingly connected to at |east one of the punp and
housi ng ,an%h@l?@imartdr@éle@gki valye prypeaxteading eheyt theyadveseat prdefopmiapanaasauproddl by
relative to the other to actuate_ the punp, the pethod conpri sing the steps
of 1 (i) SFFRdgdRIEfasEtherbpirneiersitthe }néﬁrfgcq iheqnegtabledn dyid copamyrigaiipn With the

fluid- i Vi h f he h i h . .
it S el SR BGS Bier bR AT SRy Wabb b b BP0 auP hel Flasedpostionoviy |
into the fj id- R . of i fi t
R e S e T e L S A
of the ggcp e&n%bmi&-vvi&caﬂexgt ggh &ﬁlﬁ’e{mﬂg chwidr sphbeil @8 mrfl e QRIDE D iH‘rt%p(;n_Léth?; and

(iii) formng a first substantirally fluid-tight 'seal between the firs

annul ar ﬂﬁﬁ&iobvﬂ% thr§ibh iIRCRQTapdrie: Ph pdeere cRRRkr hiiea DB Eng Jrekurt thilgw g#RCoNd
substantially fluid-tight seal between the second annular sealing surface
of the phsaapeef presadtizeduill tRfeg@wedh; indat BausierprifpligiRingRa@bnrietted foiat Bist one of
fluid-receiving chanber is filled with ophthalmc fluid substantially

W t hout tlempymgasi Hohemge whereiamia sptitpeneeca iastfoheiofdhe opiaud hgpsinp saddiee toithe at | east
partially filled with ophthalmc fluid. 23. A nmethod as defined in claim22,
f ur t her othortp riteataibe pumep. e apthofl couirisapdicngptdie fl exi ble bl adder prior to

inserting the bladder into the first fluid-receiving chanber of the housing.
-51 (1) introducing an ophthalmic fluid into at least the first fluid-receiving chamber of

the housing;

(i) inserting the axially-elongated body portion of the flexible bladder at least
partially into the first fluid-receiving chamber of the housing such that the first fluid receiving
chamber is filled with ophthalmic fluid and at least part of the second fluid-receiving chamber is
filled with ophthalmic fluid; and

(i)  forming a first substantially fluid-tight seal between the first annular sealing
surface of the bladder and the housing, forming a second substantially fluid-tight seal between the
second annular sealing surface of the bladder and the flange of the housing such that the first
fluid-receiving chamber is filled with ophthalmic fluid substantially without any gas therein, and

the second fluid-receiving chamber is at least partially filled with ophthalmic fluid.

23. A method as defined in claim 22, further comprising the step of collapsing the flexible

bladder prior to inserting the bladder into the first fluid-receiving chamber of the housing.
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