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DRUG DELI VERY DEVI CE AND METHOD FI ELD AND BACKGROUND

OF THE | NVENTI ON The present invention relates to drug
waoledo7aereyl1 devi ces and, in particular, it concePOBEIER007/000505

drug delivery device and correspondi ng net hods whi ch

enpl oy a pD??@ i DiTCR A N awiET j canment

with contro eﬁ@gﬁ%ﬁ, a aql?évl\}]Pest r ifgtg?jon and

FIELD!AINID IBA CRIGROUNDVOB IFH ENVENTION punps, both
external and inplantable, have been devel oped to the .
pofhe presertomventipalrekates e diugatelivay playiess. arxbrin particular, it

conc B A5, "o S E B af
pes AL S P BB BB o o

restrR8ARLE rhsitiplpates where the quantity of nedication,
such as insulin, to be infused varies due to

r domw+desege snfifsiothepymaps, eboth Bktecnalanidnsnplantable; uham been
a daily basis_or nore randomy as a ,quction of the A
develapgdstq oeooinfo®! comsesaeiehtdnd medigalracsepiapge. For certain

h I f » Tl ' [
T L Y T —
Wher}éi?ﬁ{ﬁiﬁxgﬁgggl:ﬁe RERSHASKER R the MOLARE 2B VRNEESH of ANR), €B8dant flow

niti‘on of systemrequirenments dealing wth
pumpdiclie i iateqiabl e\ prypirahnesinhsle pisTpiabatedeviiare e guantity of
W | I provide programapl e bol us and basal flow rates .
medigelden,sughde io§imite heamdesedsvagiostdiiedionigqyirements of the patient.
equi rement. This r i renent can be set-.forth in a
Fluclyalons Ca QUNEOhy A HaRECOT BttR TopREm it 2 dpfietion of the
ingeH AP Hed taa | otéRRtant 1
inesf P58 ol BelBEN.  8°h408 980 oyl G (Sant fow
deviedionhd diRaiadisipslifichrat flegibiléynint idoeagetrateyalvariods “implantable
patient's requirenments may fluctuate either at set,

programomabledt guinaps nbavey sheenabsieyelopedy, Ir othee defipitéon bgf system
rear b Gt ol s S SB, Ss a dvice which

. i 1 ' f inf . . .
R e L G L L

a staNBMgs§aehl ReqiftAsat. TR Seilitdmérd Y st tfedh Dy alpphdtical sense
doses at, for exanple, neal tinmes. The difference in

by rdfbxmnce &b e tredtment of dsadieteantf ibdhowndbsttheramoin afunedication,
.large, in the orders of several tines, Thus, a device .

typicellydBmiléy oo pEbsEd BH HBiE &4 tHher shopgd ?ﬁe@éﬁwﬁﬁi&f certain fime -

inter?fglfsshéggatg%ttgéregyﬁ%%g emg? ?h%malté teYthE‘,lo af Q&E 'l{ﬂH%slla¥es or may

vary abnormally, for example, by the ingestion of food or by other transitory

conditions. Those conditions will call for the administration of a bolus dose of
infusate. In the daily administration of insulin, however, the patient may require a
basal dose that is supplanted by bolus doses at, for example, meal times. The
difference in flow rates between basal and bolus doses may be quite large, in the
orders of several times. Thus, a device to achieve proper flow rates over the
spectrum of desired rates must have the ability to continuously infuse, at very low
flow rates, yet provide, periodically, a substantially increased flow rate. Thus, the

design criteria can be summarized as requiring, in the first instance, the ability for
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flow rates, yet provide, periodically, a substantially

increased flow rate. Thus, the design criteria can be
waemwaeiczed as requiring, in the first instanceCT/AL2e07/000505

ability forcontinuous basal drag delivery which is

i { Rehieh a5 @8fusedblé t@Waryahe chioltek Wi fidky rate,
Cont@gdédé;%%ﬂ talgldgto%éqg?lfy\r}g?l aqgol "ﬁlssg%bose at f}?e%at i vely high
inclufiingwhe ab#ity td Heliverqubolesenss atofelatively highafdowirates. wi de

range of flow rates, and fail saf operatti n greatly. .

c sl tiequirements efaaograBmapHeyr WidtFNECH u@oweqat% pd failsafe

o Sy SRR A R SRR, v
Seco%ia@*g' %Eﬁést Yach a gﬁegfca%ftggnbﬁ%ﬁ[ evball spRbml 1ifDanl Nonomic

een propos .I'n an attenpt to ensure

viabifig} igdt ehe Hessiilion ofmany Rifogeattiveldtieall solntides i thet jiave been
dévi ces enpl oy a negative-pressure storage chanber,
propesefidotdatel y precl uding the possibility of drug | eakage

in the case of device | functi on. Exanpl es of .sych .
ol B tenE o g st aession, S pp R S Atk defivery

_be found in U S. P 4 4 4
i, P, b P s B Rl
possi%g?tg: oY ﬁrl.% £3RHEE iRURBScasé ol dphcaamlfietiage Bxaaipley of such

alns the drug to be infused in a chanber having a
devidtsa pifeagdn tohdsctnepatiae giressurd gudinsy, maynberfoped liant),S. Patents
nor mal I% freon, maintajned at negative ,pressur

. A )
Nos. o &h a4l and 4486; 104 &pthatvhers RIOTAThHEYIPES hecojénoid activated
el l ows punpin lement. This dis . 0f
negallys et PORD o NEBRE oraRr SRBPERENnGing B drye to be
- . 1 . . H & 11 t’
infus$i3h AXhCHIREBE el RidHEGNiER Sopuas e aNaFon plopcllan
normfalliysfredigriaiperinatiat Wbgativteherepsnp. Arsidmoidiis abtivated tduying an
check val ve closes and the solenoid is then

armatiereeaner ybeldews pugping glenaente Thisplisplergmentof theearmatyre opens
bell ows inta the chanmber punping the drug through
o B i B AR B TBL e e NRY gBnstccam
pumﬁ%gtc%gﬁlbe‘fm !r@stglfc{iSﬁ 9L }é@rﬁ@a@ﬁﬁoﬂf inSRb®futtet 8Hfihg%his short
romnmej or di sadvantages. First, the negative pressure
peridde OWhée fiRNpEmbesainiter 5P €all athepttrch wtalvenslosesl ard) the selehoid is
for filling and handling of the devices. Furthernore,
then siererergized.of spingdfaree typicalise dispdaces vt pelipwi| iatethepghamber
a. punp wor ki ng agai nst. a pressure gr.adi ent, the
PUmMpBg @%@%ﬁ’éo‘g&% TEhetor & ﬂé‘&‘]ﬁ‘%? Qgt{lel%equi ring bul ky
p u f t .
R R SRR Y iny MPREBHCAE S plER; BFRIRA sufer from
majdt dRAdvAflagnd First, the negative pressure requirements require special
precautions and equipment for filling and handling of the devices. Furthermore,
since all of the drug must be positively displaced by a pump working against a
pressure gradient, the devices have high power consumption, requiring bulky power
sources and/or frequent battery replacement.
A second approach exemplified by U.S. Patents Nos. 4,299,220 and
4,447,224 employs a positive pressure storage chamber in combination with an
accumulator pump. The positive pressure of the storage chamber eliminates the

handling problems of negative pressure devices. Where sufficiently high pressure is
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4,447,224 enpl oys a positive pressure storage chanber
in conmbination with an accunul ator punp. The positive
w@e@saeneel of t he storage chanber elim nates theCT/IL2007/000505
handl i ng probl ens of negative pressure devices. Were
ffici I j o I hiVv r
used 39 deb S, IR WALTE Mgl s Phnipingy dRadi L of the power
consuiptioe e feduesd usifiough many ediieeattuatidrhelegientmane alad wensume
actuation elenents are also consune a | ot of power.
a lot DEppwes t he advantages of sinplicity of inplenentation
a ener efficiency atety rema concern

f ’ . ! .
 ddespiter tthe caRaRaRFSe Ao HiEBLCIY 0L IRRSTIRAtIGH og0d  cnergy

o, ST s e OO e
fact A0 Wrllg adHank V%éssﬂuﬁe li§ B ovE tHodyhpreastiey thdrai denidey aatemote

the same tinme. "An i nproved degree of safety can be
possibility foedn ioveriosh of dsigesirouiy aplralves indineewithdheaoutput fail open
val ves. However, even wth_redundant valves, . the

. . e
at the sarae hene ok IMpEwedrdegits phsaiebiorabbeAchieksd iy %J%Yéiﬂfsms by

could result in overdosing 2nd] t .
prov i Pl P RSP Ler BTA WA s 40 Bl
someo_‘ﬁuﬁ{ntcifallﬁlﬂti R {@h@oneht falbRerwRIcAblBAIESEQat alneGverdosing.

with all types of progranmabl e drug delivery devices
Dependirighaiponf thepgpd ofsdges beimg ugionistéred, fsueh dowerdosing could

medicine, there is a strong trend towards use of
potentiadbyokafatal. conrponents for infusion sets and the Iike.

O OghEE R ok BRa B b Vhes Gt RatrPEbEr g Bivery
devi%gqg'tﬁﬁteof &pg?ﬂg%bwggﬁ% gl?éj iRRPORRIIIARY] GfePe is a strong

rthernore, conponent s bet ween

trenddiciiRadahise ofv@isposableponanbacs dor duisivresas aatirthoilike. In the
and control conponents ich is comon in hospital

case iofi puegremmaiie dsng dgkvenyedeyiiess, e eoné of redevipe 8y sednthat it is
is typically considered. i ractjcal here becauyse,of
not. fuReeit feily 3P P RN G IR oG ATpRRE f S So e more, the
' h ' . d.S..b
subd A" GF LR ATIEHET AR opdABIE jofs \EBISHALS cEcfhusabc

electFiE SHA0BGHIRS dBhpGbntP witeh iy @ohfifiod it dsosbisk thfupen eontrol
pressurized reservoir and which would reliably
systenuesitchf as thed Vaipr aysteat & typiaadlyesonsiderethiyeprattical here because

mal f uncti on conditions, to avoid risk of. d )
of th@mra@@ishgo.w oW stasEng %r&%éorh?@tﬂr@ e aNisg ﬁggbﬂ&f& dpvices.

 de. \ ! -
P UEITIRNE £ A i o
corréé@ﬁ%%iﬁgk?&@logﬁ gﬁﬁfé'li%ﬁhg ri &N basedNGpdiPAtprédsurized reservoir and

which would reliably identify and appropriately address a range of malfunction

conditions to avoid risk of drug overdosing. It would also be highly advantageous to
provide a programmable drug delivery device and corresponding method facilitating
subdivision of the device into reusable electronic and control components, and
disposable components which come in contact with the drug. Finally, it would also
be highly advantageous to provide a programmable drug delivery device which

would have extremely low power consumption.



10

15

20

25

30

di sposabl e conmponents which cone in contact with the
drug. Finally, it would al so be highly advantageous to
w@e@vilgs2rn progr anmabl e drug del i very devi ce waET/L2007/000505

woul d have extrenely | ow power consunption. SUMVARY OF

S WNYEN [&ReNt invention is a drug delivery
g nethod for netered delivery

ofTha présent thveation dseidiug delévergideyidemndheortaspohdingsmethod for
t he Er esent invention there is provided, in a drug
meterdddelivesy ofew liquidiaediegmgnpr essuri zed source of a

e e ST Sen AL I b bor et n o
aro Y RGP 30 SG0RE ) NGpia ARGy (fvering
the 11@%1*&@ he aﬁ&idlmti vﬁ%ﬂbb@%diﬁ; thedlow patlairichglihga flow séstriction

second valves in such a manner as to ensure a )
and fipstesslgeeohd tvabes, 4 neethod Sor ideotifdep the presenrcs of a gas bubble in
significantly bel ow a, pressure of. thF1 pfressu [ zedd i .
the flovlpalk, the methed sgmprising: {a) epgtng e tishapd sperpd valves m
mai nt ai ni ng the first d,1t h d e
such (¥ GRRRICTL R (o h B e AR W T SRR kB vaves

signiﬁgé‘rﬁly' hRidwna RReide dfdat biessigzdd1@obfRs gy dufihg a pressure
abserce

of a das bubble in"the flow path based at
accuth@Rsibni perfal, tmaintainingabe festevilve fopenemsuthe seeowkwalverdosed;
first and second val ves. Accordi ng ,t(g a further
S

and (tpat theeenst of filec prassais: aGCHUBHAL G perigdsidenhbring dhe presence or
he fi d . :

s T PGSR A B 900 PSR ISR d s of

pressge &%%@Eﬁé ﬁ?ﬁ DALEEEPRGvEd.ui d in the flow path

ween e valves. According to a further feature of

t hecdekgingnto ianemtidrofeatdrbeof ithics ppraseiny éniventodm sedasarement of
the end of the pressure accunul ation period. There is
pressates befwesri thedfivst coddieaond yalves is ageiormgd By dififerential pressure

present. i nvention, in.,a drug deliwety.dgvigce hav
measyrefaQRlrbesWECR Gif Blesirizzd sogtieang Hgidiin feefiow A Beriben the
Valvequuid drug to an outlet via a flow path, the flow

ﬁath including a flowrestriction, a nmethod for

| ecddrfitigntb hfurfiegsfeRtee Of Megpesbudbilventionf tie fircwalve is
path, the method conprising: (a) nonitoring at | east
closedree tixaendrof tre pifcknre adcypulatipngssiode drop across the

L oLl ko 20 (B, MR L1 LRRRL R mvention, i
a drqi,ggg%lﬁw?et&riy?/cgeryffée RatifUC HLsREERAUESrdE OF LAGORCAARCIIVRNNg the
liquid drug to an outlet via a flow path, the flow path including a flow restriction, a
method for identifying the presence of a gas bubble in the flow path, the method
comprising: (a) monitoring at least one parameter affected by a pressure drop across
the ‘flow restriction; and (b) when the at least one parameter satisfies a bubble-
detection condition indicative of a reduced pressure drop across the flow restriction,
indicating the presence of a gas bubble in the flow path.
According to a further feature of the present invention, the at least one
parameter is a pressure measurement affected at least by a fluid pressure

downstream relative to at least part of the flow restriction.
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i ndicating the presence of a gas bubble in the flow
path. According to a further feature of the present
WO pventicdon, the at | east one paraneter is a preCSEUL2007/000505
nmeasurenent affected at least by a fluid pressure
d : el af] t | eg@s LW
- CLRBRARRONS 20 Chickfer Reclne! BRIl Biochl Ivenfibithe pressure
measBfeé@f@itt id nv aliffeential hgrepues spieasurearnt eimdidative af a pressure
differential pressure nmeasurenent indicative of a
differsntigh betsvegnfthe peessutized sovwse randha pprt afthe iflasy psdudewnstream

and a part of {,ﬂ%fﬁlow at{; downstreamrel ative to at
relativg 4@ at fsastipagt o ‘P‘B\KF&EQ PR-ction. According to a

fu . featu r ' j t .

 SREEE T R e SRR bt BBl BE st dgection

condFEﬁﬁ@ REFERNS of Y Srabdute nitfastrendnt dndICEHEI6La FRAY Brédsure above
res

hol d val ue downstreamrel ative to at | east part
a thresholdrealtit downettamatlative téat teadi pagt vbthe flawtrkstriction.
feature of thgﬁgresent i nvention, the threshold val

e .
i SAersrdingdorafusthey deatyre pbthsrreset dngsntione the Huetliald gghue is
squrce. According to further f.e e of the present

deﬁqeﬁ\ysﬁﬁivsﬁf? ﬁmp%{ra&f g&? PSS St%itug%e'i s eval uat ed
dug | f | O £ idHl, t Bebble-detecti
ot SRR & bfor IS, OF W Brodtyt Tnooulel, Bibiple-detection

conditiort besvdleatdderiolk fibe ¢ff thediquid nivegtait ancate limited primarily by
bubbl e-detection condition is evaluated using a
the flovessstniaioreasur ement i ndi cative of a rate of pressure
increase after .closure of a | ve downstream t.he .
KGR e S Bt (5 DTPE noy i paf-detection
r i t ; { ol
condi N B e T B R e ek of prossure

incrodB@afiéedIBsre| 0TGN A0 doRec@éh g thoflew testrivtiont eat ur e
of the present invention, the at |east one paraneter
i sAcomilmg itoeaofurtheratfeatufe mfedaqirpresenir sxisation, fthej gressure

pressure after .closure of a yal ve downst.ream of the
meafrGROR S AKe PORT CRMEEO b e P URAGE SFAEDIGHOAF egsurement

locat%? invention is herein described, by way of exanple
'y, with reference to the acconpanyi ng draw ngs,

Whgb&drlingt&a FultBerd fésti@NBY ithe 'RBE@R CiMvahiion fie at least one
drug delivery device, constructed and operative
parametayrislinmdicdtivet dfea tata ofi pragsursfincicesginetuis priessraa aftenclosure of

a valve downstream of the flow restriction.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is herein described, by way of example only, with reference to

the accompanying drawings, wherein:

FIG. 1 is a schematic representation of a drug delivery device, constructed
and operative according to the teachings of the present invention;

FIG. 2 is a flow chart illustrating the sequence of operation of the drug
delivery device of Figure 1;

FIG. 3A is a graph of the drug delivery device of Figure 1 during normal

flow with a first and second valves in an open state;
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FIG 2 is a flowchart illustrating the sequence of

operation of the drug delivery device of Figure 1;
wWo-b@7/1242i s a graph of the drug delivery devi ceCDiL2007/000505

Figure 1 during normal flowwth a first and second

Vv esH : o At [ ; i e t :

FHSTIER AR pimaL S TiRu 3, AlAudliag e Feridlon & fuid
pressétedilong ke flowwapaihtherprtfencerofagretalaseciusion of abitlet flow;

occlusion of outlet flow, FIG, 3Cis a_ gr

) : : 3C | aph

i IFIGs 8aisi mgrapheillusirating dhe varistion i fupid prassurg dageithe flow

flow path during a val ve-testi seguenc tth the ..
path qyrgag B XAk eSERIHEPSHIERES Ve TTDE dLSHI Seape YAy o, Aged:

[ S [ e LAt i Al @ V1 t

O ST SarehGitRlpdhe e Vianol y PR PRERUR, 80s (iF flow

t @lﬁﬁﬁ pEks RN deqnenod thddrhi@rinial Sperdtthy €onliniad veitldthe first

paht e %gggng val veegperrlu FIG 3E is % gra%h simlar to
valveRilgsedeariDheisecortdrealde opengeservoir i s near enpty; FIG

3FE is a graph sim/lar to Fi gur% 3D when the infusion.

s&HlG. SHiils @opriapbt depilar tg, Figure I Wil FEIg, Tesgrgit s noar

tgy eferred inplenentation of the drug delivery device
“OPY%f Figure 1 including a body and a disposable

CHTH. B#%@ a gﬂéﬁ sithilat t8 HiSRreVAT®Wih thé ehfiSidnGset & disconnected;

Figure 4, 6 1s a split-level cross-sectional view

t ghen 4liordn tiswnétrice vidw \Of anpiefgmed implah@itafionsofathe drug

~enlarged view of the portion of Figure 6 designated
delivery devieaef Biguge 4an¢lydimna & bedy prda dispesabimep ni ng

el t. from Fi gu 7, FIlG .9.is an enlarged isonetric

Vi@ggﬂs&tBPXEHgPtgH@%“B%PBE{%’FG ghd nmechani cal

afRly T4 68 SHAMeV A B d3¥sBctlond FewlfikbA ABngnhariged vi-vi i

V:ngk;. oq %I’?egkgcyjin;ltf: li\,‘glnglt)(%y Ei@%%?%alfg@g‘gsi gngt edngc FIG 11 .
Figutess;a cross-sectional view taken along the |ine Xl -XI

in Figure 5; FIG 12 is an enl ar%eql view of the region
ofFIG. Juis en enlatged yiexr ofitha portipnal Figures depigpated yd

LA dris anaserileieativy oh Buis Seh{Rng ERBVR o eV doe
Ofprt 98" & %t %ﬁﬁaﬁ'&g‘é fi%llngﬁr ({/ é\{iﬁﬁg ofhg ﬁigg@é;l@%ﬁ Qbtudtor and

| i'qui"d” nedi Carne I ne e cartr erein:
mechanical amplifier shown in Figure 7;

FIG. 10 is an enlarged view of the portion of Figure 6 designated X;

FIG. 11 is a cross-sectional view taken along the line XI-XT in Figure 5;

FIG. 12 is an enlarged view of the region of Figure 11 designated XII;

FIG. 13 is an enlarged view .of the region of Figure 6 designated XIV;

FIGS. 14A-14F are schematic views of the removable cartridge of Figure 4
together illustrating the flow path of a liquid medicament defined by the cartridge,
wherein:

FIG. 14A is a side view of the removable cartridge showing its docking
ports;

FIG. 14B is a cross-sectional view taken along line S-S of Figure 14A;

FIGS. 14C-14F are cross-sectional views taken through Figures 14A and 14B
along the lines R-R, V-V, Q-Q and T-T, respectively;
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FIG 14A is a side view of the renovable cartridge
showi ng its docking ports; FIG 14B is a
we@e@sd2xecti onal view taken along line S-S of PCTUL2007/000505

14A; FIGS. 14C 14F are cross-sectional views taken

t lprouals i gWeBsmhAé répeésddtBtiah Wita idieg |defiotryRdyicy-s¥milar to

QQand T-T, respectively; FIG 15 is a schematic
Figureehirewhidhathie dirsiofalee aisogroeidey e fiuid dloverestriictidnar t o

Figure 1 in which the first valve so provides a . .

{ I K6 dswarsebeniticirepreseptefion e, & sug dledivepy dovice similar to

. _representation,of. a drug deliver I.C [T :
Figuig, hepeipedt BoB T AtdDPss ey PLSEHEFel lsBym Bt suited
to extEhSBRR0Rchani smsuited to external devices; FIG 17

I's a schematic representation of a drug delivery

deviG: el Bligral s:iﬂhefrratiEi&FfeSeﬂiatibﬂidﬂ gdirby defigety daviek similar to

energency pressure rel ease nmechanismsuited to both .
Figueexi enodiffiedrhy additiantofsinecengeney pregsore 1ededse mechanism suited

cross-selcti qQnal \J/[ aken through a pressurized

to boflp s¥tepRs @néflmH@ [ﬁl?el\évéllt@ﬁ’cce?hventi onillustrating a
pgﬂ@rl%el%e dcg@ggggﬁfoﬁﬁL?%uu?Eak%Bﬁh %‘ngfgfe)ésﬁ{ fx‘g\%v@rvoir of the

rel’'ease nisSmo IS a

presciil dhvert R BRBARGHHE préfep@dlingleikatationfahd emergency pressure
illustrating a variant inplenentation of the present

releab@uechanismadfi BigupetT;or ns an additional test for the
presence. of air (_g‘ubbl es; angd FIGS. ZOAPand ééﬁ ﬁrﬁ .
gridShs] Siisvp 1 W ichart) egrresponding oy patt Qf Tispiees suf llustrating a

] ofile al.o t il t - V] o
vara S P SRS PP Y gk BT bRl te
for thpiclendy SSAPBELKIES; Amdai r bubbl e, respectively.
DEPSCRI PTI ON OF THE PREFERRED ENMBODI MENTS The present

i NWVIEHS.i PMAI andh 20Bugredgitaiphe rsymilav ite &7 14h d3 € allustsaiomgl ianpressure
nmet hod for netered delivery of a |iquid i

profifnelgng the Bpespathdolotier devienm d@f@&é@ﬁcﬁé@ﬁﬁ&@ﬁ%ﬁ%ﬁﬁ%@ﬁf normal
operdiffier&diahfaiat B areRnst B SR H 1SS 2RNHHh

acconmpanyi ng description. Before addressing the
details of the present invention, it should be noted
DESURIP THON OPUEHERR BFERRHD HMBODEBVIENS ar e bel i eved

to be of patentable significance | )
The present invention is a drug delivery device and corresponding method for

metered delivery of a liquid medicament.

The principles and operation of devices and methods according to the present
invention may be better understood with reference to the drawings and the
accompanying description.

Before addressing the details of the present invention, it should be noted that
numerous features of the invention are believed to be of patentable significance
alone, independent of the other features described herein. Examples of features
believed to be patentable include but are not limited to: the apparatus and methods
for detecting valve malfunction; the apparatus and method for detecting the presence
of air bubbles within the flow path; the apparatus and methods for detecting full

and/or partial occlusion; the apparatus and methods for detecting drug reservoir
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al one, independent of the other features described
herein. Exanples of features believed to be patentable
wo p@iaes2but are not limted to: the apparat usPeniL2007/000505

nmet hods for detecting valve nmal function; the apparatus
et o O e e g elivery
set; tHetlest ipogver ubdnsangtion palvei adtuatoc | arsingementietleppppatts and

and nethods for detecting drug reservoircontent; the
methag fletr emargeany rassrviold pressprejeslense; ard Hhesapninelys asd methad for

e oL e e SR 0SB b isosatl

. I r |
caroiGBESHRRE (Tl E STy & ] GRARIeAMAAS, Eor the purpose
of c&RIERESs, t heNRagUhe fEhtukeh RFilSBer desotibbil nherelti $ROs@PIoR more

cartridge without conpronmsing sterility of the )
prefesred tinipderaentatives whiclFsombire poshoyealbfofcibrsd featerss, It will be

the various features w., e descrjbed herein in_one

clearohOYYSY R, P eqnsr pEHNAtEY| @ﬁéﬁ‘$ 0 155 artuiheh tieowarions figdiires may
r.all, of these f [ ' ,

cquaff o il Fap i 5 8¢ PERek bplsids % e 8 B endenty
in ot @AY SnvERNoRAIUSKtamPe | npl enented in a range of

ot her contexts and nay be used i ndependently in

otRufemirge noonvenhé alvalviregs Fegures Refl 4F rillugtratewtheostrieture and

drawi ngs, Figures 1-14F illustrate the structure

- and
operasiser &f i drdvg  deldyay d@wmegsm‘déuy c@ﬁ’s%@f‘i@? aﬁq,yconstructed and
esi gnated 10.. const.ruct and. operat v cC '
operdlis ALEatding 4o U Craungy LRI RaRRRTaliOR, SRRk Bery of
iqfifd | LAy i t tfoC4n IRfusion set (not
o o Bl Y Pty anBr @yl Mion st oo
showmaferring specifically to the schematic representation
of Figure 1, generally speaking, device 10 has a
prReferring speaiBeally tn thel schepticgigpersentstion: ¢ Figgrahd generally
suppl yin e |iquid nmedi cament at ‘pressur bove .
speaipRo g 10 phas & pEsie Mebuih ah SoR Ry F0F Yforing and
, . > eSS Voi ¢
sorp ST YL G oA breshe o pfosfheAl rpsireand
flow "t fih €lui@RoABneivhtiaumath prssurizdd fesedvair 149wndlomtigt 12. The
the flow path, and a second val ve 20. Each of valves .
flow I@itlanincladesasiinst yabvenb.nalfloy cesssetdont (18vewifizgrpdigo limit fluid

o o G bS8 PR s
s nolEHNE R o .y ROR AP skl i e s

whichhforfdiQW1iat AokathkRgh@ubh eWadn Bothathe Vdlvést b6l and 20 are in the
primarily by the flow restriction

open state, the liquid medicament flows from the pressurized reservoir along the

flow path to the outlet at a rate limited primarily by the flow restriction
(corresponding to the fluid pressure distribution illustrated in Figure 3A).

Device 10 also has a pressure measurement arrangement 22 deployed to
measure a differential fluid pressure between a first point 24 and a second point 26
along the flow path. At least part of flow restriction 18 is located within the flow
path between pressure measurement points 24 and 26, and one of the pressure

measurement points 24 or 26 is positioned in the flow path between valves 16 and
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(corresponding to the fluid pressure distribution

illustrated in Figure 3A). Device 10 also has a
w@e@saeneel measur enment arrangenent 22 depl oyed POI/IL2007/000505

neasure a differential fluid pressure between a first

20. 119 %Qﬁ)regférr@@ %?(Q?@?é‘soﬁﬂlsﬂg{eﬂth&& %Ofi‘i‘xg,t P&sﬁfegfﬂvaﬁﬂr?rﬁeﬁf point

eas art Oow restriction ocate

24 i seatddoww MRdaRuRe te esbepv dis Pressures psiok aoefitst palve 162¢hile the
and 26, and one of the pressure neasurenent points 24

secomd nR@sureneEns poimdrkédisi between thowalvas Wistel tnetba few regricgon. It
shoufd b poiselo BN FEOHShR P ORRAE PARValeTY Sup Gy fi all Teatures
th ' DL ' 6. -
P o RSB 0 S o
betwbél ‘ﬂgé \ﬁiv%g rokfndin® {HeoHohesdstii@idPBnd lthe SRedME nBRisurement

not e owever, that substantially equival ent
poinf Wistai eoathet yedond ablvef exdl woaseqiest rmehented edtmugenrbdieg self-
achi eved by positioning the first measurenment point
explaretowdn mneardmav@%sl@llﬁaimﬂne % the flow restriction

3 ggv tggr?tgq?lfe%g 2g S gsg %i%:{tr%%yf %ésrgghagﬁ(g .tegfktgte %ﬁégsggres ?ﬁ:é)argglrement
arr Me‘?l}‘ p%? NA{o fz'lgst.t In@NRcOAd I ds N6Skhd | B ARy 6 e%cﬁfﬂgured to

controller is electronically associated wt

seled@fv%ﬁsgp@l theasilveendeliaier anigéined iquaatitgnef therlikfuidneedicament to
second val ves 16 and 20, and_is confi gfred to )
the mulebRieferhhlyopentrofer 28 liv eenfignrgd|tp \aetuade gutsedeapening of first

and SHGPUralrsh 1605 bhvesh 05 H SRt obed Bt i open stte so
at B4 G5 ABRCOASebr it A28 FERISE UNEY. e 180 yalves-open

timeS@rdagh pull fs%_ﬁie@eﬁabwcﬂuhﬁ@éﬁi Bh ke dRsit e an redicipatel rate of
of delivery. e total valves-open tinme for each pul se

flowi setermiredalfiiom calmedsaradl foridt disfepergial pfessire during zero flow

anticipated rate of fl determined fromg neasure .
condifiopsd bgtweesy &lowy pulssses Fecaj‘ﬁHTW%“ Z&r @aSreaowon pregetermmed

.~ condi tion e f 4 I - This.: [ ' .

oS0 Y30 BFBUBE Bt A T RS g o o

tempELFAIRA bYiAEPBY WitenRIORAMnYorS3 M A Rématiedlybyr hdditidnally,
tenperature data obtained by a tenperature sensor 30. )

the #dthelr ree iofeflyw osn dddidonitoedd Py mbasuaotgithe patssuxsf differential
fl ow can be nonitored by nmeasutring .the p

acrog festrrcsion; ki dudng dae pelse. This itplormatian PR &?%EE{)% ysedto modify
e 3B OBUT R 0 Bl BsEe o35 ! o of e
sibH{I4TD e b on o L Submement <o 1

i ntewmtillobe pinamiediaselss apparent that the present invention provides a
particularly simple and energy efficient programmable drug delivery system in
which a relatively high reservoir storage pressure provides all the energy required to
deliver the drug to the subject. At the same time, the combination of two
independently switchable valves 16, 20 and pressure measurement arrangement 22
provides highly effective. and near-immediate detection of a wide range of
malfunction conditions, thereby ensuring extremely high levels of safety, as will

now be detailed with reference to Figure 2.
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particularly sinple and energy efficient programmabl e
drug delivery systemin which a relatively high

WO e®enywer storage pressure provides all the ePer/m2007/000505
required to deliver the drug to the subject. At the

S . . | . t i .
<Ak BPy BR8Pl By BHER SBURAL b operation of
devicérlbaPﬁ@fﬁéﬂEte? Z2pcenirelker 18 opéns wicbad valke 20hdvhile leaving valve
. near-inmedi ate detection of a w de range of
16 clomdf and pressureadiffetdnesAP ihereebiyred fstap i3d4g. kaxthie redoyflow state,
high levels of safety, as will now be detailed wth
the presbureedistribwtion glong therdlaw mapthdwdes norg\af copditiensslooks as

o B P o, B o SRS BT Bk of prssur
Seco . [ [ ok

mens G AR R AR PR OB RS 4R e e e

secon@® gﬁeécshfé’\’ MéAufeméite ppifts 261 & ditsbutldtutpressusd omlgichheypically
f1 ow path under normal conditions |ooks as illustrated

corresporids goitee ibcubiateens bbdy+fluid tressess Wisea nesadiy Anisreffectively a
poi nt 24 of pressure neasurenment system 221 i s_exposed

meastendnd eflitheereseryioss prassuist leshé Falaayslysma hivelaivake constant
second pressure neasurenent point 26 is at outl et

Valu€yr essure which typically corresponds to the

Zﬂ%g%%ﬁ%eﬁﬁagﬁeﬂﬁﬂgld%ﬂﬂWo?? : Bber St @evi&s $1E-tedE] dsSfollows.

ive neasur enent” o e reservoir pressure
Firstl#esiﬁ i3 &6paticvatly prefbired rfhairevef Yhe dnsemtidn hhugressurized
his state is particularly useful for a nunmber of .
reservelvi 1% iselufley aut slastie presdusizing mhember typtcally g spring-driven
. particularly preferred f ure of the inwvention that
pistofy 84all, hiteal TEQ GIGHIINe THTe B ehyp i VAUE cis & funclion of a
re | 7l o) ing-grj hst@e d
voluB 5P YL 1R TR LGRIAY, SbBl, RS 01JOn, R i
pressiire %ifféf&i&fap MPf isaiyAbatiRe ff the rbinditiiflg Meeliue®ITt the liquid
currently stored. As a result, the nmeasured pressure
medifihber entiesbrvBR 12. i Tidlis; adti viepoB6) hventretiar riahepleiss ufrem the
of the liquid nedicanment in reservoir 12. Thus, at
measstashpessureahiffersintiel acenlumeefcdurd, wmainaeiathgggervoir and, at
ressyre differential a yol of fluidr I 0] i.n
step BRe i Biscrpupipgnyotge & less dfn i minjairm, il o, YWl atue.
COIltIJOﬁC% 58 %eh@ﬁgbgaa W!ré?dgfn?xllaé— WREnY ﬁ{dié?_ﬁidf@w?xre 3E illustrates the
controlder gener at es | ow r ermrai ni ng- vol une
fluidifreisesd dameibltiauwhidEotdury s this esstt dtete fwhidmd ther semviodr is near
istribution which occurs in this test state when the

emptyeservoir is near enpty. In addition to warning of |ow

remai ni.ng vol une, t remai ni.ng fluid guantijt . .
In additiogn to WarrH:I‘ng o? Tow remaumngq Voiume, e remam)fng fluid quantity

calculation is also preferably used to compare with the expected values based upon
the quantity of fluid which has been delivered by the device. If a discrepancy
between the expected quantity of fluid remaining and the quantity indicated by the
measured pressure differential is determined to be significant according to some
predefined criteria, a malfunction indication is generated.

In most preferred cases, maximum reservoir operating pressure is in the
range of 4-10 atmospheres. Operating pressures in excess of about 4 atmospheres

(i.e., about 3 atmospheres above ambient atmospheric pressure) are particularly
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calculation is also preferably used to conpare with
t he expected val ues based upon the quantity of fluid
wokioch23sas been del i vered by the device. |If a PCT/IL2007/000505
di screpancy between the expected quantity of fluid
prefols BB 18 ngEd ALARY 16 Y AUOTOERS hitleERE R Ty path
due t8ahersliinbup wfspreesupe ddainddwt blockage.aSinae rthe famlet ipressure is
indication is generated. In nost preferred cases,
typicatbionlyn veryeshiglitly apevatitmpspheris umessuge,i tha yelucangeAP can
_.of 4-10 atnpspheres. Operating pressyres in excess of . .
typicalliobe usedesriishReres dirtkncaunBuenEoL itdesHapEPTanerelative
anbient at nospheric pressure) . are
fo atlmegﬁlpé?qsy eferred due to the enhanced ability to
di stEagn b thd@evice
bm)%’d%gﬂ%# Q%r@g@? rutgp Eg %?E% %dé'?%lcgig ikagig‘g(.%dgi nce the
as evRiéhted byresiluntelesatel pressute/ beyond tterglosdd wilve yl6albnewould
at nospheric pressure, the value of DP can tycﬁi cal Iﬂ){ be
lead tesedredsced rédding vf AP. dilie crseneas heedistingwishgdh &rom the case of
reservoir pressure rel agi ve to atnospheri ressure.
depletiont of #he sesgpvalp coptsmis BY| & larsg éﬁ%@?@n%i’e&%%ﬁr% fxpected

d f the devi ' d '
rema 3P40 055" Tobbt S GoBin SR e anc e
' . 1£Thi
remalfi S 40100 5 ERPAERE, SRR ) LT o sabepeccd
drop iFAP1¥ (c‘lig{fec'f?é?ﬂaﬁ@la?mpéigﬁaﬂ i3@ReMt&T ey between the
expected reméi ni ng drtg volune (original” vol ume |ess

t hieheraustep del corersittr 28nchecke whettsirthe infusiog sebomethenoutput
cal culated fromthe DP val ue. If at _ste

4 : :
connestaxpbas became discanmpsted Hais casegan R iég%l‘fg‘?cg szr?gi Inggease n
e ol et Rk 2 i iRl Pton ot
tion.h i - Thi
prossHEEAFFY RO SqHRRATE ot SARIGELEH, TR 4 BRIE R o e

pressife |diffeadcat Bétwieln Hh@Ui@edfoir SnACthd batpu relidbiesddtection of
outl et pressure between the connected and di sconnect ed

discoshetiesn aequisemtdmpatisin vé the Aheahreessthr eneliok frepen pecviously
between the reservoir and the output, reliable

meastiesdwhiven Mdst dirsferabipcoricoor negeines-reemnplyr sasapledvalups of AP
DP value with one or nore previously neasured val ve.

is compatepmatheihgstatistisakdisiribusion efpwluesebAP| omarpyioys cycles to
vgl ues, of DP is conpared w t.h.t statistical .

detergag Wheb b G5 Bees oy SEBRTUN SOt Byt ipopressure

diffegq%tggir ﬁl &?cht\’\’g]r?timgtastehi@ [Rtddsd bﬁ?ﬂaﬁnn‘fi?ﬁidaﬁbh‘i?'glfeﬁerated at step

cant I ncrease in pressure erence. IT such
46. an increase is detected, an alarmindication is
generated at step o

Then, at step 48, the required valves-open flow pulse time is calculated and,
at step 50, first valve 16 is opened to allow commencement of a flow pulse.
Optionally, if the pulse duration is sufficient to allow the pressure distribution to
reach substantially steady state, monitoring of pressure difference AP during the
pulse can be used to provide additional measurement of the actual flow rate and/or
to provide early warning of partial occlusion. Specifically, Figure 3A shows a

pressure distribution during normal steady-state flow conditions whereas Figure 3B
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46. Then, at step 48, the required val ves-open fl ow

pulse tinme is calculated and, at step 50, first valve
wdasoora2mpened to al |l ow comencenent of a fl ow pol/H007/000505

Optionally, if the pulse duration is sufficient to

showd'd &gﬁﬂd}edi%ﬁﬁ%ﬁshewﬂ' L%t% bg}flfdl WhshRcli6RGE pPedeat abiyndrbdm. In

St'eady state, nonitorin pressure di fpgrence DP

the 1451386, he MARRed FaIRONARUbAs RighificatBdditingnBé fluid flow
nmeasur enent of the actual flow rate and/or to provide

pulsechut!rgtueas to itg foll vahre when ovabusidamdeggent flowatdnditions at step
Fi gure 3A shows a pressure distributjaqgn uri' ng .nor nal
34. Thesappasirgrenty aw Used & crlsnlaten spagsted pytsclenginipgnsyre that

the requitsdhfosighes ity ARG RaBREpet 08V it g, B dovice.
a4 S R sy g b g owsn
practiitiel oFPdRsibletmpentlhs iceohisitn s ep t@4llofhpeeentative correction

measurenents are used to calculate a corrected pul se
befotechltdeclusi@nsecows.t hat t he required dosage is delivered

%&’%%ﬁtﬁﬁégﬁ&i %?#&%g‘%{?% g\évtqrﬁl:tbgb ﬁlg ﬁ%’gﬁgtwh g%%%é irgé;rarplpﬁﬁations,
the cofptiiie 3 Tong skt i 85 el RTIRE o RBE offpoRBRS!Bl Bpand to

accotMdREd | RRitRGIQr Bufduhbl | ¢S isOffiiEMUES .accommodate the entire
. Parenthetically, it should be noted that, in nman

y low
voludesdaesingledlddflaw aulserownstreamorthi £loye restrietien §@ everif the
egi.. e. capacity of the system cgq)rrponen st ex&and to h
outleh i gl Ecalddrdi bnais1aoEe.% HEe§ 1 RsG VeiugRG pagses the
accommodat.e t he enti.r I a_singl [
obsteBERaE HuHG: PEERID: bR FrA o Ol MRS Rt i Aol outie
pressub@ iP e ﬁid@baw&h%hbdesgﬁﬁlpﬂﬁé; tHetotdlive1eas ®f dedg delivered
ong as e pul se vol une passes the obstruction and

in eath@ulpeds substastinlhstnaffovtaf by the patiakscalesionns to
normal outlet pressure_in the periqd between

subcButhereppiticadasly imeferisdafeapeteypd B gressnbidpyetiony is the

e RS B T L Bt D g v
of tlf‘ge%ﬁnz. ?Bn&é}ﬁuﬁ’ﬂ SERLvAIRY St 13t i BedBFhed W”ﬁ@siﬁ% both

unction test, nost preferably during eac

valvéd oW aBUoSBrap Y& Ipeessiirel HiffsystiaracrGsmat peasalong, oft the valves and
val ve function test is performed by closi ng hot h
monitating $he pressure for agefinpd @ssiod dodiest whether dpakagedis qpeurred

wroh e G0, ot BB s BB R b e
o IS0 St Yool hosablrp B o pesre
differential across both valves simultaneously, thereby allowing testing of both
valves for leakage simultaneously.

Referring again to Figure 2, the valve test is performed as follows. At the end
of the designated flow pulse time, second valve 20 is closed first (step 52) followed
by closing of first valve 16 after a small time delay (step 54). This fixes the pressure
distribution as illustrated in Figure 3C with a pressure differential across both valves

16 and 20. At step 56, a first reading of the differential pressure AP; between points

24 and 26 is taken. After a given time delay, a second differential pressure reading
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reservoir pressure and the outlet pressure, it is
possible to ensure a pressure differential across both

wo 2007822681 mul t aneousl y, thereby all owi ng testipgr/at2007/000505
bot h val ves for | eakage sinultaneously. Referring

AP, 3 ﬁlag%ts @te?t s8] %na’tgk heaed ¥R E6Sbated RSP GONER @% differential

the end of the desighated flow pul se tine,

presste6 ARg dY(ﬁJTp‘éﬁ_ @P,kAPY), #sisdndicass thatte ppedsufobbiweed thy valves
closing of first valve 16 after a'small tine del ay

has {ixtregsedadue Thilsakigeeactdse firseswlve 1di sndi duormsparding alarm
_ illustrated in Figure 3C with a pressure differential
indicationss geseratedi(step 629. dhithe diffesentialapresyire dnereases (AP>APy),

s BORSS o FESILE o BAGEEHEE PR BVEET, e e
B, 4 RS A g Ao bAP i
malfﬁ%%ti‘ﬁ{ aNhiE@kteR! @Tﬁé&r&’zﬂ‘%ﬁe QR RRsd Brede BBinhinakdy gts66 and the

I cates that pr é&ssure between the val ves h

entirk RytRaepehts Bion sicpeSkage across first valve 16 and a
corresponding alarmindication is generated (step 62).
| f Anhedditienaly ent altarmaties sparticnlagly eprederred demuye ofphe present

oy P AR BB B s e
ow RAGETREPAL G, AL G0 rbpngieh Rl bR Stz

reseiRViS Cogatidre whfd 1l flRdie Tedticlibn apdvides enpartieukyls! effective and
repeats fromstep 32. An additional, or alternative,

conveatenit ctetlmikue pfoef Blentiflyihgather prasenechofpaissbubbles. Specifically,
invention i, he, provi.sion of a rat ys and t hod for. .
during, peRpAL B iR BPERIPR, Br e iR AOn B Agvgpath 1S limited
i ntroduct | . ' at: 1 h
primgF BY5E DY st P RS LORoh 5 58l fhen oty re
oper¥doil L8sw FRAdve VA gy ﬁﬁ?@ﬁing@f iedpressure niffafential between
technique for identifying the presence of air bubbles.
the [Bpeuiized abtiee andrthegutlet isedroppefliactoss theeowpestriction, When an
. the rate of flow al ong,the fgow)ath Islimted
air yphbleyreachepythe Hdow| Kastrictigne dan diOWB rrepiiance oy very much lower,

estriction. .As a resul n I r e P
ol 4 b el BB B VAL SR PGP RS lohpsicion
and 9ich 5;%&?1:2% rdRICHBR Tn tRe pREGHS WifERAIAPHErSSs BHedfldWestriction.

outlet" Is opped across ' the flow restriction. Wen an

For aélatibelbbinealt dabbles, thie ifitreasadesolunetiioflow retef $ervies to largely
resistance is very much lower, resulting jn an

comperasdar 100 WehanseL o thor 5 bhlcesa i 6 doRaSq Hiered by the
arog FLIEY detitp e roh s e Bodiagly Foar el phATS the ghpnee in
ﬂovdfr ﬂ%ltéiﬁhd/gf YedtiGBbh iﬁi)l??%rﬁgeefi@fﬁrénﬁﬂ G & PEErat®y UsEd fd Klentify the

ow rate serves t
presence of a bubble and generate an alarm.

Thus, according to the teachings of the present invention, there is provided a
method for identifying the presence of a gas bubble in the flow path of a drug
delivery device including: (a) monitoring at least one parameter affected by a

pressure drop across the flow restriction; and (b) when the at least one parameter
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conpensate for the presence of the air bubble so that

t he dosage delivered by the drug delivery device is
wmedao7dewri fi cant |y changed. For | arger bubbl espCt/iig2007/000505

change in flow rate and/or reduction in pressure

satisffsTd Bﬁﬁﬂ%lcgtec‘i‘ of RiRfigoRRhdichiRd of @ fedBBdd byeskti® drop across
p a bubb Thus

resence o e and generate an alarm ,
the fle®aesteiction} indidating ¢e presgaceodf 4 pas putsdem thenflewtpatin,
there is provided a nethod for identifying the |
plwsitsn orosbfgenerpd ssepambthis imethed eamhepipplegienied)iyp system

ity AR S B S T AP s B o
et 3, L O SSEETS il presr

meastrethGRlaeetcd at dedse g? aefluidnRessure dowaptremn oslativato bt least part
restriction, indicating the presence of a gas bubble
of thenflotverddtioviqunt tr al mtetaf whangeyofethal pressie, Inhths case of a

met hod can be i | emented i t dif i ..
differgntint Dresawe JierTBRERR herMRRIERBCHL 1 grelesibip tadicative of a
havi no.,. j I )
pressijie, ditferbidicheifet 8 Nk Grbd N rd\aif 4 Daft GP3RY ey path
downggééw RENe &f hewRd tpﬁi”t beASS floww Reditiviich.PTRE Buibble-detection

wnstreamrel ative to at |least part of the flow ]
condit@atisithén typically @vahteafithe pnessyre nfeasurempnt sulicadivd of a fluid

the case of a differential pressure nmeasurenent, ttt]e
pressuteagboenerihrgsholst splue Aawnstream: selpige dp 2 lprt st of the flow

e SR 3SR 0 Sy, BB
The t‘ﬂi‘es&%ﬁ LR 5 ?ﬁéfrehﬁ)tl ﬂ@ﬁfl%@ SelRHOO kS e pRESURDE the pressurized

con on1s en typically a value of the pressure
sourdeeasurenent indicative of a fluid pressure above a

threshol d val ue downstreamrelative to at |east part

ofDepeadingupere tier pressugn measurespgntiasaneamicnt used: dgeasugpments

may b SRR BT riotionah e dirity [PEPsIPOE tooleiyg a rate
of ch%gg‘ of &fesg{lret. t&eccefcﬁﬁg Y5 o€ %xﬁﬂlxﬂ&, She 5%@ B P MLrtR may
pressu e

€ neasurenent~arrangenent ‘use surenent s

be mBBitoRd dfakerlositeioft dyRardosvisachat bbtheoflowhestrictoauMéhen an
for exanple to derive a rate of change of pressure.

air bulshde isipregentothis eate v ppessuret ineraase & wiichmerggppid than when the

. .increase may be nonitored after closure of a valve

liquidi S ISIEESFMST the flow restriction. Wien an air bubbl e

Lﬁp%ﬁﬁﬁqgﬁﬂ%&\%ﬁ@%&t eﬁérq%lﬁr%?ig ]galsz‘éﬁ ﬁ?esﬂo{NSrengc:'t‘ir(]m may be

_ _ I qu rug I's present.
monifhtel @it BloSNRAtAs IIRid drlE @ ke diale@ @rhasrilyhby the flow

1fI ow restriction may be
restriction, i.e., during delivery of the drug. A sudden reduction in the pressure drop
across the flow restriction is indicative of the presence of a bubble passing through
the flow restriction.

Turning now to Figures 19 and 20, there is illustrated a particularly preferred
implementation of the gas-bubble detection method of the present invention
implemented in the context of, and in combination with, the other features of the
device of Figure 1 or Figure 15. Specifically, Figure 19 shows steps 52, 54, 56 and

58 from Figure 2 with a modification to include a test for bubbles according to this

14



10

15

20

25

30

nonitored during flow of the liquid drug at a rate
limted primarily by the flowrestriction, i.e.,

walmorngeedel i very of the drug. A sudden reduct i BOT/ALR0GT®0505
pressure drop across the flow restriction is

alterhiiN <o Additiohall Mether SGREESS Bie presunh MhveenbieasPror tchgtgy &0, both
the flow restriction. Turning now to Figures 19 an

valvg0 are lopen during ideliveryt efi aapplae tofctheakifjyidpdaigeranddthe pressure

o LA B S BB e R B P vave
. ) \ bt . _

clos A RS BEERR A 18 BUAET BERL B iy o o

restrictionh AWt §9hSBrst ¥lved8 AERARD ds't0MdrhBUyarad i ifteBnediate
nodi fication to include a test for bubbles”according

pres$ure bethwed:t thenailveseandratatsp 56 threadiffaventivd presspeecis méasubed. The
. present invention. Prior to step 52, both valves are
timeobritvegnrelagurgers ther secondavalve smdother Fest| vadve ds delgged to as a
. and the Brlea?sure .da;gvnstream of the flowrestriction is
Presira AT AHIGWPERCPYst ep 52, the second val ve is cl osed

ang: P e : Y i

SRS T RREERN PR RAL AR IR el e

normidlreraadry at ts elepsefitheomathodo Axoseual diyarly,abe Pressure between
i ntepnedi ate pressure between the valves and at step

the Bdvesh¥ ldirid d2ehas alvajwedstarmediate rshweenethe mservoimpressure and
bet ween cl osure. of _.th econ al ve and the fjrst
the QJRlel BreRUT<ORBH Sis ALl BIO (b SeS-Evalh prvast Fighre 208 shows
. Y | .
o s BB T 9 A ML S A BESER B Jpw fow

resistdtice 58l 19 1 EloNEId3aiktioS 16 8RN gbd BADDIE, reblilts i @SHMER more
bet ween the valves VI and V2 has a val ue internedi ate

rapibptrowess of pressase equalizatioe ssurss thadlaweesitictien. As a result, after
pressur ignificanfly below th '

, . and reservoir
the S&Fré’s%lﬂﬁﬁ time dg eghelsing tensocqnd aﬁﬁvses%ndeﬂlsr%qsr valve, the

presf DB O BR PHAR ok BAERRR o oG st
ina%gﬁiﬁ&gg&eaneg WS shitdgaapich more rapid process of

essure-equal i zation across the flow restriction. As
a Refgthing b tRipuitch¢9sdile Slmirhteti aRlidehalystbpt MRt which the
cl osing the second valve and the first valve, the
presquresARl detweghthdwalvesns chmpaatd edth an mxpkcteosdue,t preferably
that of the reservoir, resulting in a signjficantly )
defingda relativerda dhe dgseapeir m&swwq;rggxeodﬁ?egm@ befween; e reservoir

preshb 504 S80S POEh. TSRO0 e Y HRLERBNIS vaue,
com g2 e Y 9L PSSR 0 S 35 process
to step 202 where an air bubble alarm is generated. Otherwise, the valve test
procedure preferably proceeds with step 58 and the subsequent steps of Figure 2, as
described above. |

As mentioned above, the bubble detection method may optionally be
implemented using real-time pressure measurement while liquid is flowing. It will
be noted, however, that the particularly preferred configuration described herein
performs the pressure measurements under zero flow conditions after fluid pressure

has been trapped between the two closed valves. These zero flow conditions are
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pressure and the outlet pressure. If APl is less than

a given threshold value, corresponding to an overly
whe@h/1peessur e bet ween the val ves, the nethod peDu2eaz000505

to step 202 where an air bubble alarmis generated.

condEiRB ¢ gfbc_isfehﬁré’s%ﬂéeﬁe%ﬁreﬁfeﬁ@,egm e RVefiRE alkkyof measurement
proceeds with step 58 and the 'subsequent steps of

arrangements sichass these raftltiguesdsole andsl 2rehidlonsy mibrodece ahidme lag
] bubbl e detection nmethod nmay optionally be inplenented
into theimepsHEANERtBne pressure measurenent while liquid is

e Pats mo i G Eomerg it b aBkiehied dmupentption of
devi®eld Q{l 'Eﬂdftng} 1] ﬁéﬁﬁjﬁ%ﬁgéﬂ %?@Fé‘%t%ué%ﬁﬁiﬂ 'feABFR dldOfnctionality

conditions ter essure has been trapped

descliBédalsove Witht raferehes eslFipalkases-3FT isis dngdemerifation also illustrates
condi tions areconducive to precise pressure

impareat featwestrelaiing Wl swhdivisionuel compaperiarhsiiwaen a reusable body
arrange ts such, as thos Figures, 11 and 12 which
and iy HROPIRIGC SATHIERe ARG (THREST hATUSHRISE, dhprssaving | dctuator

| . ' -14F, these illustrate a
conﬁé?ﬂéﬁgo:ﬁ?é%o%%ﬁgﬁ’eﬁ#gﬁgﬁe% device 10. In addition to
' rl@éfeﬁﬂig‘kﬁélﬂﬁé‘élly & tHeh@vepdll widvw of Figatsnasaaddl, these show
functionality descri bed above with reference to

devidd Hmesle 36T a bhily 70rgideamemestabba catigdge T2 uRtessurized reservoir
i nportant features relating to_ subdjyisi of .
12 and N e los: pRBrinelBiE e BByt 2ad @ espiction 18 are

. _.cartri.dge, and th LI t -84V s
ISR GHHE PP LRI %3, APHEE 8L ot and i
assof3alcar Eldd@oBRE Womsldnts ta9e tingpleehfdd ayi pie of Bdddurms This
4-6 and 11, these show device 10 made up of a body 70
subdiwisioa, whiclveffers prafduniddglvaiitigePmatsiaganbth theseouomic yiability
and the entire flow path including val ves 16 _and 20 .
of thgrdevigesis peBttrivialiteimpderpent ‘Wﬁﬂ%ﬁ“@n@’@@c‘é@y ghaghigying precise
renpvabl e cartridge 72, whil.e e _econtroll.er AW .
valv, SRR Gty e ndspibi S AFESbhEb s ERpichts remain
part B?’fhge r%ﬁ%dm@l Ko&f 70 PleTet b %l‘dﬁéla@fb theld aiFrRbiftRESiccording to the
pr of ound advantages wth regard to the econom c

teachihgdof tHeypresertt ievarionoeill hew herdesciibedil to i npl ement
due to the difficulty of achieving precise valve

acReferting nemdtqphesealive shbelirseshoayyn, st and|spcond valves 16 and

20 RO SRS SRRy o T, AR R
oGO (951 By hep R IO, st
fromStheURiid rfésw Patwthrotiph she aalgeses aid foadevaplitd tarmdtuator surface
74 actuates the valve to assume its open state. In the implementation shown here,
the valve has a head 76 integrally formed with a valve stem 78. Valve head 76 has
an elastomeric sealing ring 80 which seals against valve seat 82. In the
implementation shown here, valve stem 78 is supported and biased to its closed
position by an elastomeric diaphragm 84 which also provides an external seal for the
flow path through the valve. The external surface of diaphragm 84 at the rear of
valve stem 78 provides the aforementioned actuator surface 74 such that force

applied to surface 74 displaces the valve head away from its seat so as to open the
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20 are here inplenented as part of replaceable
cartridge 72. As seen in the enlarged view of Figure
wdaego7azmwht val ve has an external |y exposed act untDIL2007/000505

surface 74, isolated fromthe fluid flow path through

t : i C
valvesyitadh s R HyIHNGE (AR Shy (o QBRAL St BloRe Actuator
surfaéd TPl §8RG WA iHefe 8hgygedney an dutsutvalrfaee eSarpadieatbr Assembly 90

integrally formed wth a valve stem 78. Val ve head 76
whiclhasinatudet] as body 70¢ tskaesegibed witls cefarenen te Fagueadel.nst

val ve seat 82. In_t eirrple&sentation.shvmhr val.v

s g o diigiysr O-cthess ¢ap Bis 8eF1 8 Rk Of |45 oe’3§§eﬂﬂ?}§3s 20
. b | ast [ i ank ' -
whicghrd Fa) BGUEYR Kfr QRS Qetpad) Shrfdbe PR OHCEE ifles 16
20. GX¢ Ytusbf fReEMBlie0BPY SKew B Lerdhrgeticin Fagurel 7V @y evay of
stem 78 provides the aforenenti oned ‘actuator surface

introdifctivng pidzbelectrin axtuatprd aredkriowrs to hascelowd pdiveplcanssnptien and
val ve head avva% fromits seat so as Lo open . theval ve

wouldjtherserediepisienh fort brsterywogvared wirpm daliY G YadRyiess gichas that of
"~ contam nat.i on,. Act or surface 74 i

the pERgHp By omn NAERIECSE ek i ol fopRh s i gp e very

i S8 B SR sorbon bt Sy o

feasibl@NtddBubéen siaddisplicement digh-peccisiab| vatee 30 bdiactuated by a

_each deployed for engaging the actuator surface 74 of
piezasertioé actahiesthisbeqmesampraeticad tvhere thexvalyais pad oj@ lpw-cost

op DL LS5, P S5 e 5, L o LA sepmat
comRFAT DR SRE YR Sal e, hon e e

brougiie tOFIRENt Td N¥@IFEsO Ahedve Rbile kies presdiryiraeationt combines a
commonly used due to the very limted displacenents

piezosiéattic ablwtarypitie hbthya prashiuieal @uplifier and an aligamght adjustment
may be feasible o build a small-di spl acenent .
meclifRiaRD g9 ST BFF QbPORC BlHBe g CERs i BB Serikler | o

ct uat or., ' 0 | t] t 145 s
o BB 7B, WIS | Pt B 2. ity
impl&REHRHOLs AREhckabY Bic2bEleb@RAlSErd s $LRAGWA @ teMponeltsically
w th insufficient” precision of interrelation between
actudtiisleteipenetahey fastedibplacghent Specifisally,Tim thedrxeswle Hegwn here,
i ssues, .the present invention conbi ,ne% ?i ezoel ectr.i.c

a,.
the piesaslactiic wiamersds iroaligneshin elangatepm theedirer{pnapicewed here as

« | i ghnent, adj ust nent. .S :
up-ilrTarror L OB sZraRPe ShPnE L ICh piltBofical amplifir 94
whichSk %hﬁgu?&%nmﬁve%h@edi@?mwhm fheRjieZedeatitidlément into a
el ement 792, typically inplemented as a stack of
muchil@geebeput displasyrieat af an sulib\anmi 96 fdredisplacing actuator surface
el ectricall .
74 of the valve. In %/his case, the output displacement is substantially perpendicular
to the piezoelectric element’s direction of elongation. It should be appreciated that a
wide range of known mechanical amplifiers may be used in this device, although the
implementation as shown in Figures 7 and 9, which is based upon three integral
hinges and skewing of the associated triangular geometry, is believed to be

particularly advantageous for its compactness and large amplification ratio.
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actuatable to generate a first displacenent.

Specifically, in the exanple shown here, the
w@k@zogdeertric el enent is configured to el ongaP@r/ireoet®0305

direction viewed here as "up-down". Depl oyed around

pi.ezogltectrj c el 2.5 .a : i appl:bf b er
OHF R, b g, Slioed Culre o RIAR G B e Ve E b e of
ampligﬂeﬁzmsl RCHT typi I TPRfeidb® tB pRfAdd angeligamtnutadjustment for

I spl acement”"of an”output arm 96 for displacing )
bringingt that avtuzstor hesembly WK ittheclosel emgagemenhiveitle dae valwgeactuation

di spl ' b i all [ .ar .
N N R £ .
It should b i ated.t hat,- i
e, A SR AE , udnBE pAORES i

| | i . EACIT st 8907is2Rstatabl
rotar}g,sﬁélﬁ;‘gﬁh F@ﬁggs d%g%gﬁa% Eggléqlélrﬁbggral h?ngeg and ' by
enga%‘ﬂewitﬁgh@ft 102evia ssasientidthe! ¢lutthgmeeianganipicallyi based upon a

elieved to be particularly advantageous for its |
spring-doqutedt held sl awhishgdefimgs pf predefined maigum teldeningntorque

transtspatinonh 6% SBAE: 4 G by s coioRy prupigti ot BESpt Rty 104
. i i . f i i t . .
s B0t AR o B A 5y s 3 o

closed€hgt¥eht SWith aBel Bdrrédpondingd ataiatemn saffaddse74eBack. actuator
In a preferred inplenmentation illustrated here,

assenslolyeistpushed fomvardQyntilet pradeteriningd guachasicahresisiengn eecurs at

whiclh OiRG eTHOBE SOMCH RIETETER (b Faisteh af Iy S g Bim. Tn
. with shaft 102 vj i @i '

o W2 B A R gty

achie96§ ﬂgk?‘g)lpgo iadektdieGf ’Eﬁﬂtéﬂi dHuremidegerddentlyieor both actuator

tran ble fromthe aft To the cam As a result,
assenibligt 9n of adj ustment knob 104 sinul taneously rotates

both cams 100_so as_ to push the, actuator se Ii?s 90 ..
D e Sl ntl Sal i i S e oinSlation
t uat f 74, Each t | ¥: o
of RSB RURIPPCD APenkrBEm Ac et IdRH el tismure
sensc?ﬁ?ﬁﬁnélhdéﬁ‘ '@&nﬁ%&y 08 TR PReukd Sbhsdi eV in fluid

er transter of torque to the cam In this manner,
conndct$d OWEthr oat cognetdrispningflemaptest hent 4 divltodv needles 112.
si mul t aneousl y achi eves the appropri ate extent of
Removajtie martnlglgﬁtib nfarmespithen R pbprasstle seastig oells 114, best

B IR e
isolagél%ralfsrUﬁleﬂﬁfH %naﬂl%w :ﬁfﬁ bea MBLBe hMehitdRs 138. Each sensing cell

erenti al pressure sehsor 110 1 ncluded wthin body
114 £ a Bbinphimediting! cophestodfer arringrwitll the pressurtlsensbr connectors.

In the case of hollow needles 112, the complementary connectors are preferably
elastomeric seals 120 which can be pierced by needles 112. When removable
cartridge 72 is engaged with body 70, each of the sensor connectors 112 mates with
a corresponding complementary connector 120 such that the differential pressure
sensor measures a differential pressure between liquid in the flow path at the first
and second points without compromising sterility of the liquid medicament stored

within the flow path defined by the disposable cartridge 72.
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connection with two connectors, inplenented here as
hol | ow needl es 112. Renovable cartridge 72 is forned
waowdo12e6pai r of pressure sensing cells 114, beBCT/HE667/000505
in the enlarged view of Figure 12, each of which has a
selsiorderv &b Léﬁﬁurbléfibﬁﬁ}eahﬁﬂsfef Qi ﬂhﬂi ?Jrésﬂuieh ﬁlcfﬂgo‘ﬂie condults
path by a flexible nenbrane 118. Each sensing cel
betwesn reedtespl E2rand sepsarohith ahe préssureraensigg wetlh lde the condults
ressu sensor nnec the case of hollow
and gg ﬁ}fge pqugragw eeﬁgﬁ(@ g\{l& 1 Hresligyid is retained within
eal s. h can be pierced
nee(ﬁés L@gf%iw%g%&g\ﬁyeﬁl (ﬁlee \fgg}lga%gﬁw:reg ‘dge 72 i s engaged
W 1w lIPeY a ﬁgnecﬁ@é‘d'ﬂf&ft VEHSUSS 6P Fort?d B &1 %éalilngc %Et)rs may
with a cortespondi ng conpl enentary connector 0 suc

be usbdito tiierficé foeteedn diffgpeistiel Wressiee SensoreHUnes pﬁessure sensing
differential pressure between liquid in the flow path

cellsad 14has widk be salearsioc enel opdinatidy \sktlle@hm ébﬁnartorN@feﬁi@leleSS the

needlp Ssehinficflars fohelisiie B BROEIIY eqratpegus dia fp its small
deaPfAfind ShPRS MBSl 016 Wt fighmhys! | Ui d pressure

ong the condu nee and sensor 110,

t NFupiiag swvebaens thFigrt 113, tid shéWe aGRefitddsiniflémentation of a
needl es 112 are preferably pre-f Iled with a |I'i quid.

ﬁlluigmpmml@éu forithe pressirined sipnage meserecir d2. Il theegramplashown here,

port ?léfq%a léﬁrqtq?%%rafﬁhflg Dyzussy 510 egﬁas:i%@w%elfédéf‘ewd §¥Ang G Although
self-g%l' g8ft§ fl'g? Jgg’u&? %tﬁ % hQé'a?%ﬁ% ewgl?t%%\;h er. se use of this

SSUr e 'sensor and ressur s éhsi

fillifeeltbchnidde 1% Ma{tiveke }ﬁlg,l(i‘a]!t’)reﬁﬁr@@ Sis Of)ﬂiUPé}ﬁhﬂld/ @il b e@he high
in the art. Neverthel ess he needl e-based interface

occursenioe|of evguantivy b€ dpay sprayingr frgmattic develgd cusd aflihe lneea'illesas it is
smal | dead, vol ung and its_jnsensitivity to slig

withgyagp ﬁgméh% §O Tffprﬁdﬁlgeﬁsdwswmbm the mefure lxlzpleﬁwngatwn of

po 5, G L5 0L R0 Bl b £ BRA's 428y

[

closGARTE, Bp 298 AN, MRCKY i e TR, 1S SIS oy

128 sepfefembly ngpleoidded oy aidijleshicinhas thsnsalheegee fafirec motion in
wel |  known per se, use of this filling technique for

the d@cétqwgf inskrtin ok agwadles During Gbingre necdleds pdvansed through

bothy 3e20pags TayeR a8 nahiiABt el S0 fid e Htiaermiua tiquia
med ﬁ‘fel?ﬁ? ¢ 4 inj E&eﬁqﬁfoeﬁl% Irelé‘élggﬁr ‘ﬁ’i'e lﬁ:el}&rdfé {V?[‘ﬁdrawn it first

enment t|on of port 1 as s e |nc udes

clealrsr thmrpmﬂh@swa‘rewheres @al 5@y aizd rde&@dobétaﬁe}en the two sealing
el astoneric | ayer 128 sli htl){f‘mﬁaced fromthe primary
elementy. Ageresaliovdonytheageadle is er withdrawn from the secondary

layer 128, no further spraying of drug occurs. The ability of the disk to move axially

within a cylindrical cavity is believed to cause slightly reduced pressure between the
elements as the needle is withdrawn, thereby ensuring that any drug released
between the elements is not at sufficient pressure to cause further spraying as the
needle clears the secondary layer 128.

Turning now to Figures 14A-14F, these illustrate the overall flow path from
the pressurized reservoir 12 to outlet 14 as defined by disposable cartridge 72.
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128 is preferably inplenented as a di sk which has a
smal |l range of free notion in the direction of
wo p®enticon of a needle. During filling, a needP@r/iIR007/000505
advanced t hrough both secondary | ayer 128 and primary
| 4i
Firstiyc, soith BRI e 1P M0 Sepdigte MRyRLIs 132 WiellF RoRA R oir 12
to firet tfﬁlldealm and tlower ptessineasensingecqlt ids In tealcontet it a;hy;uld be

spray is released between the two sealing el enents.
notedathag dhg presm@nvvtthm Hhecbrginniggraf thedlowin ﬂaarmghrtb@nvalves is

esscryiady, e B 1y Britimabe HeoRiroReTt,ag; lor i rason,
measﬁreé%(éﬂtgfgf' fh%eijesé‘r%gg%?eésﬁr@?* @er%@ lﬁ?éiﬁeswﬁhfngﬂltel eﬁnltlon of

pressure errents as t need

press\Mré REaswRmenb &t @BypoRitSHithiadhe lﬂﬂw ash”dMhe diglee dSﬁde Valve 16
between the elenments is not at sufficient pressure to

is seamits Figure t14&r as adingty the datimnce ddlaecapiBanrystubkewhich provides
fow gragelion K84 e T4RY. &y tedoD of e cailpt F feaiow path splts
towagfg eﬁﬁ@%bﬁrgegiégts s%,[[n O' r(\élz [;:I?Sa%lﬂt b&ond™ eﬂ%edzqu t@gﬂé’)MC) The

,ass

outp\%tA ESGt«‘f!‘P vaRRADAt Fet&ﬂi‘x@n@)e hsvérﬁ%aleéh@lﬁkﬁ’elf 138" (FeS8EVDID) which

rst valve 16 and | ower pressure sensing cell
connddd to butpuild. context, it should be noted that the
pressure within the be inning of the flow path through
triéef@aun&snw beisHyit b%ﬂ ytOt Hezwand, db1s [#30 \GHORISH 2t I?éefeffed

confiegeniafe s fpleFrogksodeno I B e 28 Hia B TR hebipporure

shovﬂ'ﬁltlér?1 4 5P fco@%?ﬁéﬂ”i ﬁ'@ﬁﬁa‘dﬁ@ﬂﬁ A pet oRinyRRHRL I‘&ﬁée‘ﬁh@ ridges

ow pat’h 134 of aI ve 16 is seen in

162 whixh engdgﬁ esirdspadiling dlotst 1ot emtcastnidget? and apaill H6yon body
t ube wh rowdesflowrestrlctlon 18 (Figure . 14B)
70. ﬁhe tSplengo]zﬁ whiele proyides ressuuipation 96 ®saWOBath is pls\lerft ghown

mougfg é%ggex}() ﬁ(?e(gﬁf? ﬂmis = % &fg@‘& &Fgrﬂ%%ti%é 4?1%% glmsg 899 when the
slide I ) {? ad sﬂc?xgvh'lﬁ f}lglﬁg @?{ce }i8 b ygﬂg %m]tﬁ@g ﬁllﬂerlocked

connec O ou erring now orie

by sﬁdlﬁgr&)vér 160 & réﬂaﬁﬁng havng 70 ip ﬁﬁﬁ@l’(ddé’d) thendutlpy Ipatbjleotrﬂon 172 of
for i nterl ocki ng di sposable cartrid 72 W th body 70.

the ¢artridge, Sheteby uloekisigothe bevar, inaplicedNwg EU & alsgoconfigured to
funcliah & 2 GRGREROE g@fﬁ@%&@ﬁ%ﬂ#@%ﬁgﬁdf@ &R iiba SRl Hown)
SP@\}&&@ ' lowlé)GFJ%Iﬂlz‘@(igylt Bpull'Ge aﬁ}éﬁe'aﬂi{%@ Fhath & un tlon of flow

B eSSt Fat ol of Teser here s
restriBHORL BFc Aoy Wpé{%ﬂtﬁtﬁib brdc&s&écﬁiﬂﬂﬂbf lantadve. In thls case,

position to bias a piston 169 when t he
it is possible to combine the functions of first valve 16 and flow restriction 18 into a
single continuously controllable or multi-state valve 16/18. In all other respects, the
structure and function of the device remain identical to that described above with
reference to Figure 1.
Turning now to Figures 16-18, these illustrate an additional optional feature
which can be used to advantage with the device of Figure 1. Specifically, although

the double valve configuration and self-testing features of the present invention

provide extremely effective safety precautions against overdosing, there remains at
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slide is assenbled as shown in Figure 5. Once the body
and cartridge are interlocked by sliding cover 160, a
WO edodilzdeny nut 170 is attached to the outl et pPOT/E00T000505
172 of the cartridge, thereby |ocking the cover in
leasplaatbeordiich]l possibditnlthat caihfre gior pbpertlyf addressoanadamn condition
connector for attachnment of the fluid deljvery

and/opydfiple empqnsst fathergs could esplidgn m@lwaqeoOﬁ@ws@ maslication due
to e B BAURE A oer APy Betfiertaeiot RYY pTacddsess this

ssub AL Py Ricy U  DRSERGpion J055) Rk prosur

relea@sﬁkt:l@atmsm 159 hsyooiaded wigh eomteslldrm® sl webaniveB! hetih@ble to
or nulti-state valve 16/18. In all other respects, the

depresswrizeureseranit 12isotasoto déactiveteddelivesy rofithiliquid rmechaament to

hat descr bed above with efere e to
outlitobi g @%ﬁé@ﬁw ingchdrtign 30y s (e ety drigiered cither

o S, S, I o g i
w1th%§ut fbé‘ﬁ%‘ rémedRauih &ov Qhﬂﬁe(ﬁ%fy By pleidefindd Hangerous cond1t10ns

f-testing features of the preSent invention provid
sucheas; therridilpre of ¢ee pressesd stngopaereagemarisoraifai fadure both Valves to
overdosing, there remains atleast a theoretical
TCSP98§S| bility that failure to properly address an aI arm

condi ti and/ or_.mu| onent, fail ures
et RiteSon SeheofcBR B Bl Rl oF ffgfture release
mecgﬁﬁﬁﬁp rlg()gfcgdbﬁ ”éxtéfn%[n drﬁg 48 Uevid ehBUBARCt Solenoid
ody. To address this issle er alnlrrplerrentatlons
actuafedt heedds d52nis selvctintalpradvantad & puneines \ani elaptoassio seal 154
rel ease nmechani sm 150 associated with controller 28 .
ocatg bebvesn ithe| seseoirataad) the dirglepiabasuVhea newiedbi the entire

12 .s0, as ,t @ deacti vat:

PreSﬁ’é’a%%fam? b g2 3Eaartlr 12 Snt Bt Hia he spedisiied pepdigs thercby
candBnBa e ﬁ‘ré‘s’éﬁ 9&1@%@ rBGhY e Ik E&cﬁfi o thersy g s lgody and

perSi ste con Ition I C as continue
pre@hﬁﬂgfcﬁhﬁlhﬁmﬂdélimybﬂh@dm\gl t hout bei ng renedi ed
and/ or immedi ately by predefined dangerous conditions

sutiguae thehows| airssmgar shstepr @dapicd seasdio he rsigbleefior both
re. 16

or .t failuyre both valves to respond. Figu
extoPig) DG FLERIS HRviGaS 1% T Chseo  BA/BIRACR FISTIG: g Hetsiprespring

o OO LB SR A

releas® ARtERATiIsMEl 30 ad vapletlerited RYNC boleRoidNopdratddov@ive Cor frangible
seal 154 | ocated between the reservoir and the first

partithim/whichhwhea@ctluat@b allowe fbnd |comnfmms&wn befvecorthe ptessurized

ervo 12 are rel eased vi He open-ended .
stor@&eedfp they reservoir and the reduced pressure cavity in the spring

volume. This allows the liquid medicament to bypass the spring-driven piston and
fill the void behind the piston, thereby releasing the spring and canceling the
pressure gradient from the reservoir to the subject’s body.

Turning now to Figure 18, this shows a preferred implementation of the
pressure release mechanism of Figure 17. In this case, the piston of the pressurized
reservoir includes a diaphragm seal 156. Incorporated into the stem of the piston is a

piercing pin 158 associate with a solenoid actuator 160. When the emergency
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canceling the pressure gradient fromthe reservoir to
the subject's body and preventing continued delivery
we@boowheedr ug. Figure 17 shows a simlar systenPemapiend00505
so as to be suitable for both external and inplantable
presanei tedease | mehinisne s eictitabed vem elwetrivab wodnedtiomcinoatshown) by
IS pre-sealed as a

spr i of the reservoir _is )
Conﬁr@‘i%r:]&a -t%? &Qlenpid aciuater 169 draws picseing pip&8lavenwards, thereby

pleclBgr B ARTIIN 310 78wl +-PRpE T thE or AT Lo fo a reduced
pres§&leYBERA indhé Q¥RInid of he (AT %ﬁb{;@ ﬂléé['fﬁ"sﬂﬁ@n t he

pressuri zed storage volune o e reservoir and the
r eftueildl ber deautcconaordinaiily tkitled dni the arpthimethe Pressure release
allows the liquid nedicanent to bypass the

mechppisig sieh \asnispiltustrateth avith | neferpecey 6o dFigetdsnd 6+ e provides an

oo BB Bl P AP O S B e e
o GRS RPN 5 e L2 TR AL IR e

would gtheewiké.belraldding foasafetyt fe@sdtisst on of the pressurized
reservoir includes a diaphragm seal 156. |ncorporated

i nftovilhkee appmacietedithet thestbone idssaripiesare intpnded 68y to serve as
associate with a sol enojd_actuator 160Q. Wen. the
exaqgﬂéﬁ

; .th
gt Patanany other) ebedimsotn ares RP§siblgcwithinethe seppe of the
[ L] ot . shewn) by controller 28,
presfuitEnddH » CRONRGRIRE abBSISINS, 2 no ol 158

downwar ds, thereby piercing the diaphragmand all ow ng
escape of the pressurized liquid to a reduced pressure
region in the volunme of the cartridge above the
piston. It will be clear to one ordinarily skilled in
the art that the pressure rel ease nmechani smsuch as is
illustrated with reference to . Figures 16-18 provides
an additional back-up safety system applicable in

ot her contexts which renders the use of pressurized
reservoirs acceptable for a wide range of applications
for which they would otherwi se be ruled out for safety
reasons. It will be appreciated that the above
descriptions are intended only to serve as exanpl es,
and that many ot her enbodi nents are possible within
the scope of the present invention as defined in the
appended clainms. WHAT IS CLAIMED IS: 1. In a drug
delivery device having a pressurized source of a

i quid nmedi canent delivering the liquid drug to an
outlet via a flow path, the flow path including a fl ow
restriction and first and second val ves, a nethod for
identifying the
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presence of a gas bubble in the flow path, the nethod
conprising: (a) operating the first and second val ves
WO 0ogazis2a nanner as to ensure a pressure bet WweenIiL20&7/000505
first and second valves significantly bel ow a pressure
WHAT (8 €IpABIELY [S2ed source; (b) during a pressure
accumul ation period, maintaining the first valve open
and- t he 18z sling glivers dsyice: h&mg(@)prgasurlﬁ@d aourest of e liquid

medifamEn duiepe; hgta}i‘f‘ﬁﬂ B5ePren REHH 8% 5o padbdbgdiow path
1ncl1g&fi’1?a ﬂB rsl?nc ﬁ?g%yﬁlgﬁ%onﬂf ﬁlh;l@chpﬁ tﬂﬁ‘@ﬁﬂbnﬁ?ﬁng the

econ

presehes ef B gﬁsaabbleriﬁ mme Abwipah Sﬂheenaﬁbd@@mpmmg‘ irst and
second valves is perfornmed by differential pressure

med&alr eopatatingt the dirst ted pecssiuvilyeslins simhcm nzamhef lagitd ensure a
in the flow path between the val ves. The . et hod of

cl ai m 1 Predseree patwesa e Sistyaqn éeﬁ>(§1dcl"61§’é€i signifiganiby, pelow a

of the L iod. 4. In a drug

del i verg’ §S§§#€ @83’%%{1%5%‘?5 %’I zed source of a

li quj d %yﬁgdslpr&@w Qicbﬁ‘ﬁuidtﬂiﬂ geﬁb&glﬂa@n@ﬁnﬂgtthetﬁrst valve
via a flow path, the flow path including a f

restri ctapen,andtlmasﬂ;dmddfvxatva desﬁd ;fapting t he presence of
a gas bubble in_the flow path, the nethod co rlsm%y
(a?c}mmat obengnéit of éh%tpl@ﬁ%lrﬁaﬁm‘élﬂtlﬁlﬁfﬁ%m ing the

hen t heréenPe BE60GRet 3 e bRl i fh¢ B0, AR5 éas%d at least in
bubbl e- g;%}te%' 2L r&éﬁ?tn of NS @Hrb VBetRlee theIHE&%and second

pressure drop across t restriction, 1ndicating
t he presahes. of a gas bubble in the flom1path 5. The
nethod of claim4, wherein said at | east one paraneter
i s2a pr ddwunethed #f elasme ht wheted megsatement of prssaref befwgen the

firs g o ALY Rl FRTTOTS AT FUCErGR o PSR Bt between
the PSSR FRAMMRIRAN m%gﬂg% bEHRLBln HSRRLS

asurenent 1 ndicatlve essure erenti al
beBween Theempthedofrdlzed 15 oticeeinahe fastpalve & clobed bt 8w end of

path downstreamrelative to at |east part of
the pressure accumulation period.

4. In a drug delivery device having a pressurized source of a liquid drug
delivering the liquid drug to an outlet via a flow path, the flow path including a flow
restriction, a method for identifying the presence of a gas bubble in the flow path,
the method comprising:

(a)  monitoring at least one parameter affected by a pressure drop across

the flow restriction; and

(b)  when the at least one parameter satisfies a bubble-detection condition

indicative of a reduced pressure drop across the flow restriction,
indicating the presence of a gas bubble in the flow path.

5. The method of claim 4, wherein said at least one parameter is a

pressure measurement affected at least by a fluid pressure downstream relative to at

least part of the flow restriction.
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the flowrestriction. 7. The nethod of claimb5,
wherei n the bubbl e-detection condition is a val ue of

WO b@7pewssur e nmeasurement indicative of a fl ui BCT/IL2007/000505
pressure above a threshold val ue downstreamrel ative

tog.at |Eastmehod of ddien f3,owheasirihet pressui®. nldasurement is a
... method of claim7, wherein the threshold value is
differrttiah guiessuteatioasurement éndicaiive) pE agiressyee ilderontin bgtween the

ourge. 9. T h | aj in, .

pres<iisi SoumecEK] RE GRdhs oW bbspaitERt BRI R oatdspsgpart of
i qui o d t te linited primrily by th

the 58 ct 1 On 10, The method of claim 5, wherei n

bupbl e- g @edthed oF Uit 150 heiehy BeUbilile Weiditio condition is a

pressure neasurenent indicative of a rate of pressure
value o€ rtha pecsatiteemeadurement fdicativel viba dwih pressura apovene threshold

flowrestriction. 11. The nethod,of claim 10, wherein

value dpwngirear aelative 4 at leagitart of taidday s¢9-FIR-osure of a
124 ve UEELE R R SR AR SRl Mnckrae
o BRI AS iy ok 3 121 of pressue s case
of 9t he Thewunetsid iaft icttim 5, wherein bubble-detection condition is
evaluated during flow of the liquid drug at a rate limited primarily by the flow
restriction.

10. The method of claim 5, wherein bubble-detection condition is
evaluated using a pressure measurement indicative of a rate of pressure increase
after closure of a valve downstream of the flow restriction.

11.  The method of claim 10, wherein said pressure measurement is taken
after closure of a valve upstream of a pressure measurement location.

12. The method of claim 4, wherein the at least one parameter is

indicative of a rate of pressure increase in fluid pressure after closure of a valve

downstream of the flow restriction.
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