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ABSTRACT

Presently disclosed is a hydraulic pump device and its use thereof, especially
in a fluid delivery system. In one embodiment, the fluid delivery system is an
inexpensive, single-use device for slow dosing medicament applications. The fluid
delivery system may employ a spring-compressed bellows crank or other
combination of simple mechanisms operating according to the well-known
peristaltic principle to force a volume of ultrapure bio-inert hydraulic fluid through
an aperture, thereby expanding one chamber of a two chamber hydraulic cylinder.
The second, fluid storage chamber, containing the medicament, is emptied through a
conventional orifice in response to the expansion of the pump chamber. The
medicament may thence flow through any suitable infusion set into a patient

removeably attached thereto.
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HYDRAULICALLY ACTUATED PUMP FOR LONG DURATION
MEDICAMENT ADMINISTRATION

The present application is a divisional application of Australian Application

No. 2012201924, which is incorporated in its entirety herein by reference.

BACKGROUND OF THE INVENTION

Any discussion of the prior art throughout the specification should in no way
be considered as an admission that such prior art is widely known or forms part of

common general knowledge in the field.

The systems and methods described herein relate to a hydraulic pump system
that can be used in medicament pumps for injectibles, specifically to low-cost,

miniature, single-use pump systems.

Various people, such as diabetics, people require continuous or near
continuous infusion of certain drugs or medicines (broadly referred to herein as

medicaments).

Many attempts have been made to provide continuous or near continuous
dosing of medicaments, such as insulin, using pump systems. For example, one
known pumping technique uses gas generated by various means to advance a
plunger in a syringe, thereby injecting the medicament through an infusion set. The
infusion sets is a means for conveying medicament through the patient skin and may
comprise a standard needle, a microneedle, a microneedle array, and a catheter and

cannula system.

Although these systems can work quite well, patients using these systems,
particularly in continuous dose mode, need to monitor closely or deactivate these
devices under circumstances where the ambient air pressure may vary greatly, such
as in an airplane. In particular, patients need to be careful that the infusion pump
does not deliver a dangerously increased dosage in airplanes at high altitudes, where

the ambient pressure is significantly reduced.

What is needed is a simple, inexpensive, single-use only medicament pump
system. Such a system must have the capacity to provide variable dosing under
patient control as well as safety and consistency in the metered dose at any range of

ambient pressures or operating conditions.
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In an exemplyy embodiment, the systems desoribed hevein tnchude, fnter
afia, a pump device, which may be sogle use, snd that tha provides for sustained
fow volame (proferably high potenay) medicament apploation, such as for wse by
insulin-dependent dizbetios and other patiuds, The pump vy employ 85 an ackuator
a spring-compressed bellows cxank, Ioged plate, paired wller set, or other
peristaltic mechanisios fo forve & vohume of hydeaulic fluid through a How
vestricti, such a8 an aperhwe, therely sxpanding oos chamber of # two chamber
hydeaulic oviimder. The sccond, fuid storags chanther, containing o medicament, 8
vented through 2 conventional srifice as the hvdrautic chunber 18 expanded by
mtraduction of addittionad lnadrsudie fluid, The modicament thus expalled raay then
be gected or infused into g pationt via any suttable hyjection sndfor infusion

sechanisn,

Tha rectrictor, it ons smbodiment, way b o hydesabic Hod gporboe and may
be a fixed micvo-aperture of spproxtmately 8.1 ~ 10 um in dismeter, or about 15
fo diameter, and one ten-thonsandths of sn fach (0.00017, s abowt 2.8 ped in
diametor. In snether cmbodineont, the hydvantie faid aperturs may be an adjustable
aperturs providing stther continuons or step-wise dlameter viviations of
approsimately 6.1 - 10y fo distester, or about 128 gm in dameter, prefersbly one
ten-thopsandths of an nch (000017, or gbout 1.5 ) in dinmeter. Conduned with a
Tedeamic fluid of appropriats visvosity, the misro-apsrings provides praciss pressure
wegulation that s nsensitive fo ambdont prossurs or wiher envirormesnted conditions,
This insensitivity, i turns, allows for highly acentate dosing and dose repulstion

under g wider range of condittons than previously seen 1o the gris.

Thus one agpoct of fhe nvention provides & hydraulically actuated fuid
delivery systom for sostained delivery of a ligudd componant, compristag: & pamp
chamber, and & fudd storege chamber having sn orifies and buing finetionally
conpaind o said prmp chamber by a movesbls barrier; 8 hydrautic fhuid reservoir
for storing 2 high viscosity fuid, sald resmrvoir belng cmmeoted 10 said punygy

chamber via a restricior, such s v apuriere, which may be less than 10 pmin
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Siameter, and the largest insoduble parficls, 1 auy, i sadd hydrantic i roay
aptionally be no meore than the size of said sperturs; and, sn actuator Rmetionally
connected o said hydranlic fiuid reservolr fo canse said hydrandic Huld to flow inte
said purnp chanber through said ap-e:rim*a, thereby expanding the volume of said
ooy chamber, displacing sald moveshle barrler and savedng 2 quantify of seid
Tigeid component stored in xaid fnad storage chambrer to be delivered a8 8 sustained

s

In ong embodiment; the pump chamber and the fluid storage chambsr are

both within a conypariment.

A3
&

In one onbodinen, e movesble barrier i 2 piston or plunger plate,

In one embodiment, the movement of the piston or plunger plate {e guided
k £t N Paatel

¥

sucd that the plston or plunges plate does vot flip or generats leakage when moving,

Tin one ensbodinent; the nwvvoshle bamier is one o more deformable

membrane soparating the punp and the fuid storage chanibers,

In onie embhodinend, the Houid conyonent &8 3 medicament, and the wall of

the fuid storags chamber is composed of bin-inert materials.
Tn one epbodiment, the apertore has 2 fixed size,

B one arsbodioent, the aperhirs i adfustable 1o stee to allow vaviable

hydranhic preseue.

in one embodiment, the size of the sperture s adjusted by a thunbwheel

costead £ digl

In one smbodiment, the thumbwheel control activales 3 mindshntzed valve o

i device.

T one embodiment, the guantity of said Higuid component is expelied at a
vafe selected fony about 100 n -1 1 pee minaty, abont 110 1 per winute, ov about

1100 ud por niute,
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In one smbodiment, the aetoator 18 2 mindaturized bellows enanly, paived
roliers, one or more plervelictrie elements, a ratehiet or stépper moty delven onl, 8
tyvo-plate hinged peristaltic sschanisny, an eleoivivally defven or pisaosientrie

rohanisny

I one embodiment, the actaxtor employs oue o mors extorns] springs

having a conxtant spring voetficient over e full range of motinn.

in one embodinent, e fnd delivery systont further comprises & cmmentive
passage Nnking she hydraulic fuid reservair to the prnp chamber throngh the

aporiwre.
In one embodimend, the Hyuld conponent fs a sohation of o medicament.

{in one sinbodiment, the wedicament is nsulin, an opdate, 3 hormone, 8

peychotrapic tharapeulic composition,

In one erbodiment, the orifics of the fluid storage chamber te conrrected to

an ufirsion st for delivering the Hondd coonponst fo 3 patient,

I one embodiment, the patient is & mammalian patient selected from haman

or not-huntan snimall

In one snbodimen, the infosion sef i & nsedls, & Jowed and reedle sel g
cathetor-connula set, or & micronesdls or micronsedle army attached by means of

one or movs hunens,

In one ewbodiment, the puamp 18 manufsctored with fnexpensive naterial for

single-nse.

I one entbodiment, the mexponsive material 1s latex-free and s suitable for

use i latex-intolerant patient.
T ons smbodiment, the lnexponsive material 1s disposable or veryolable,

In one enthodiment, the inexponsive material is glass or medical grade PV,
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T one sothadiment, the fuid delivery sysiom Ruther comprises 2 seoond

hydeadio veservoir

iIn one embodiment, the serond hydranlic reservodr s separately and

independently controlled tv # senond actuator.

In one embodiment, the second hydranlic reservoir and the ovignal remvvoir
ave both vonnected via 3 commeon connsctive passage sud fhrough the apseture to the

pranp chamber.

fn one obodiment, the second hydeaudic reservolr I8 connected fo the pump

chamber throngh 8 socond aperture,

In one embodiment, vie of the two hvdraulie reservotrs 1v ased for sustsined
delivery of the Hguid componsnt, and the other of the fwvo hydranlic resoresdy is used

feor & bolus deliveey of the liguid component at pradefermined infervals,
freone embodireent, both spertires sre Independently adjustable,
iy one smbodinent, one of the fw sperbives see adiveiable,

In one smbodiment, the susiained delivery is over a peviod of) wore than §

hours, move than 24 howrs, woors than 3 dayy, ovmors than toe week,

In one erhodiniend, the viscosity of the hydraudic Thad iz o Toust abont IS0
V320, or ot least abowt IS VG 32, or at least about IR0 VG 56, or st beast about
RO VG 150, o at least about IR0 VG 458, or at least about ISO VG 1000, ev at

Ipgst about IRO VG 1560 or mors,

Ansther sspeot of the vention provides a lyydeautically actuated puemp
aysfon compriaing: 8 puog chanber Bmctiovally connected 1o 3 sovealide barrier a
hydranho fuid reservolr for sfoving & Mgh viscosity fuid, said reservedr belng
ponheoted fo said pump chamber via an aperture of Tess than 10 snd in somie
erabodiments fess than 3 pi in dioneter, and the largest fnsoluble particle, if any, in

said hydrastic finid is no more than the size of said aperiure; and, an sctuatsy
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functionally connsoted to said hydraahio Buid rescrvoly to cause said hydranlic fuid
i3 Sfow Into said punp shamber teough satd aperture, thereby expanding the

vordume of said punyp chamber, displacing ssid moveable barvier,

Another aspoest of the lnvention mrovides 8 method of administering a
redicament, comprising compreasing & hydrads: Huid reservoir to force said
hydesdic fuid through a comnection moans; passing said hydeenbic flud through an
adinstable speriure oo 8 pumip chamber, wherein said pump chambor s sopamted
From an adiecent fuid shunge chambser by a moveable barrier and wherein said fludd
storage chausber is flled with 2 medicanment; displacing said moveabls barrder o
suid Huid storage chamber by filling said puny chantber with said hydrautic fuid,
whoeran sadd displacing canses a guantity of ssid wedicament &0 be expelled from

said fludd storsge chamber thoough an output ortfice.

fn one embodiment, the passing iy regolated by the adiostable aperiees
varying the flow of the hydraulic fhdd snd thus the grantity of the medicament

expeliad through the orifice,

T one cobodiment, the woothod further comprises yecting a quantity of the

medicament nto 8 patient through an infosion set comnected fo the ouifice.

In one embodument, the compresaing employs pertataltic compaction of the

vossrvolr at g constant rate.

In one smbodireont, the corpressing snyploys peistaliic ommpastion of the

reservoly ot a variable rate.

Iy one embodiment, the method further comprives rapidly comprassing 2
second bydranlic reservolr flutdly conpoated to the pump chamber to diaplacs the
movesble barrier and thus cause & holes of the medizement © be expedled theough

the orifios.

T one embodiment the method further comprises passing the hydraulic fluid
from the second hydraulic reservolr through & ssoond aperiure lo the pump

chamber,
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1t should he understoad that the individual embodiments described sbove ars
roemnt fo be freely combined with one another, such that any particular combination
niay simultanccusly contain two of e features desoribed in different
enthadiments whensver appropeiate. In addition, all srobodiresnts deseribed for one
sspect of the invention {such a device} alao applios to other aspoots of the invention
{e.g. method) whanever aypaopriate,

BRIEE DESCRIPTION QF THE DRAWINGS

SRR Y Sl Sos

The present disclosure nay be better anderstood aud its mamarons fostures
and advantages roade apparent fo thoss skilled in the art by refirencing the

seoompanying drawings,

Figure 1 18 2 bigh-lovel funetional schematic drawing of a fydrantic punyp

systesy, according o one embodimant of the wvention,

Figure 2 1o a high-level functional schematic drawing of & fluid delivery
systsn oonywising the hydraulic pump systeny, according fo ong smbodioent of the

mvention,

Figure 3 is 8 schemstie drawing Hlusirating one of the advantages of the fuld

delivery systom somprising the hydraulic pump systony

Figure 4 39 o high-devel functionad schamatio drawing of several fluid

delivery system with varinons barriers,

Figure 5 1s a high-level functional schemmstic drawing of an aliexnative Suid
deltvery system, according to one embodiment of the hyvention. The aliemative fluid
delvery systom In this enbodiment Roatares arraved microneedles on an transdenmal

patel,

Figurs 6 is » high-level fimetional schematic drawing of several soluator
mechanizms that san be used with the fuid delivery svstern smploying the hydranlic

D, sconsding to one emboedinent of the nvention,

~u
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Figuwe 7 s o igh-level functonal schermstic drawing of the adjustable

cnntrol for spevhure opsning shoe,

Fgure § s a Mgh-levsl fotional schomatic drawing of several Suid.
deltvery system with nwitiphs sctustors, sccording 1o one emtbodimsnt of the

nvention.

The use of the sane reforence symbols b differsnt drawiogs Indicates similar

o identical e,

DETALED DESCRIFVION OF THE INVEDTION

Dosoribed herein fs 3 doag Jelivery system, uses thereof and methods for
piaking the wme. Jo one eododiment, the systonw deseribed borein provide pomp
devices for delivering 8 medivant, agent, fuid or sorpe other roaiedial fo a paliont,
typioally throagh the skin. To this end, the systen includes an schuator that operates
on @ reseyvoir of viscons fluid. The actuator cavses the viscous Haid o apply
pressure to medicnnt o the mudicant being deliversd. The viscons fluid ix controfled
by a vestrictor that, i one pactive, vontrols the rak of flow of the fluid so thet an
eneven application of prassure o the reservadr is srediated, and o controdled rats of
flaid movement {s achieved, This controlled rate of fuld movenent Is employed o

cause a medivant o be delivered af o selecied vate,

In one smbodioent the systoms snd methods desoribed hersin include
hydraulic panyp system thet may inclade & chanber {the “powp chamber™) that can
be filled with high viscostty thad, which, when forced by pressere, enders the pranp
chamber throngh a rextrictor, for example an opsuing / aperere, which is
dimensionatly adapted to control the rate of fhud flow therethrough. Inone
smbodiment, the aperture {s about the size of a 1100 poy dameter wircle {(but not
necsssurily oivenlar in shape). Howovey, those of skill in the st will nndsestand that
any suttable restrictor may be smploved, and that the size and the shape of the
restrictor oan vary 1o achieve the destred How wate of the fluid being mediated under

the expected conditions, including temperature and ambient prossore.
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The increass in vohwme of the working Hluid faside the pump chamber
frigoers the movement of @ bavrier mechanism, which can b coupled to other

devives, such as ¢ second, fuid storage chander,

One advantags of the instand hydranlic pomp systont resides with the
vestrictor through which the high visvosity working fluid flows. Forexample, when
the testrictor is an aperture, when subjectod to varving prossure, the working fluid.
erters the chamber through the apatire st a slow, yet selatively constant fats, thas
mostly sliminating the potentially Jarge variations in the forve gensrating the
pregsure, while cnmuing 8 substantislly less variable expansion in vohume of the
warking fuid tn the chamber. This in turn leads to 2 relatively swooth and donstant

movement of the coupled barrier mechanam,

Axn additionsd advardags of e hydodic pumyp system is that #a Riaﬁveh

low requivenasnt v a constant prossums sourse, of its high sbility to tslemate

f)?

relatively large varistions in foree genorated by the pressure sonrey, Thisi
expecinlly uxefil in mesnfanturing stnple snd noxpensive dovices, such as single-

use, disposable devices for madical wae,

Partly becamse of the over-preasurs srmpioyed in the hvdraulic pump sysbem,
a further advantage ix that the hydeandic pump s rlatively insensitive to

grvironmental changes, such as ambient eonperature, sltitude, or external pressure.

An lustrative cotbodinent of the hydravltio fluad systen deseribed hereln is
shown in the gh-level Binstivual drawing of Figwee 1. The puop chamber 110 may
be shapad Ik, bot s not nated fo, 8 oplinder. The hatched lines ropresent 8
moveable barrier 13, which may (hat nesd ywot to) be at the distal end of aperbae
152, Hydraute flad 112 enfers sperture 153 on pump chambey wall 150 dnto pump

chamber 11 sptionsdly vis 8 conmective passags 116

As used hevein, the tsom “ultrapure™ is noderstood o snconipass, aithough
ot be Hmtled fo, 8 flold wherein the Targest insoluble fmpueity particle in the

working fhuid e smaler than the aperbare size fehichomay be for copmple sbowt 323

s in diameter, but conld be smaller or larger, and may be sdjustable}. In those

.
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smbodiments whersin the restrictor is an aperture, the apssturs need i be oivulay
in shape, and could be an oval, & square, o rectangle, a tangls, & polygon, or
irregular in shape. Tn those embodiments whereln the rextrictor is & tube, valve,
sievs, or ather mechanism or combination of mechondsms, the size and shaps of the
restrictor may be determuined empivieally by testing the fuld Row of selented flulds
at conditions of inferest.  In one pavticudar ewbodimant, the lavgest impurity particle
1s o nrore than T xam in Jameter, orno more than 500 nm in Sameter, or no o
than 100 mm In diamoter, In addition, Se tolal smount of fosoluble impueity pacticls

15 Joos than $.1%, or 04196, or £.001% in volume,

Vievosity 1s oxdinarily expresssd i terms of the time vequired for  studard
gquantity of the fluid at 2 corlain temperatiue o fow thwongh a standand orifics. The
higher the velue, the more viscous the Juid. Since visonsity varies mverssly with
fomperature, Hs value is less meaningfid unless scoompanied by the tomperatore gt
which it is determined. &s used heveity, “high viscosiiy” moans the wcr}aiﬁg, fhuid hag
aviscostly grade of al Teast about ISC VG 24, or at least abot RO VG 32, s at
feast about INQ VG 5§, or ot Teast abouwt ISO VG 130, or of sast abooat IND VG 456,
oy at least about 18O VG 1, or at Jeast abont INO VG 15, Ses

www supstioriubricants convfclassiable bl

The hydraulic pamp system can be exploved fn 2 floid delivery system tha
can be manndictured inexpensively, and conld fake advantage of the slow, vt
velatively constant delivery rale assoutated with the hydeaatio pusp system, Partly
dus to the slow rate of delivery, the fluid delivery systent can by uzed o

continuonsly deliver o fuid over a Jong period of thue, o8, & brs, 12 Jus, 1 day, 3

fd

Hha

days, 5 days, 10 days, one month, ale, The fluid delivery syston conprises the
Tydenuhic pump, ooupled 1o a separste chambsr f storing fluid o be deliversd (e
“fhuid storsge chambar™ or “fhuid chamber™ foshort), There oould be various
veochaniams coupling the movomont of the havder mechanism in the hydrandic puop
tor the fhuid chamber, such that o sinall smovot of flwdd Gdeally squal o, or at Toast

proporiional o the amount of the working fuid entering the hedvaulic pump

10 -
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charber} is expelled fom the fuid chamber, tuough one or more onificg, in

respanse o the movement of the barrter,

{ne embodiment of the fluid delivery systenn iy Hhustrated in a high-dovel
schematio deswing o Figuee 2 {ses detailed desoription helow), This type of fludd
delivery system / devics con be used o 2 broad range of applicationy, ncluding but
are not Hwdted o Momedical research {e.g. microlnjection inte calls, muclesr or
avganele transplantation, lsolation of single cellz oy hybridomas, ste.), sud clindeal

b

applications {administration of madicaments, sfe.

For examaple, o provide a low level or varishle doss of medicine over 3 long
periad of thae {o.g., honrs or even days), the fhad delivery systom miay forma
portion of ¢ single-nse dizpenser for s medicament o be applied through sy of the
standard, Infasions sety available sy the munket foday or Kely to be available in the
fature, The fhaid delivery systors, formed In stune cuthodinmnts as low-cost plastie
paxts, prgy conymise & kydeaulic oylinder containing twe charabers, one function as
the punip chamber desoribed above, the other the fud chantber for storing
medicaments. In those embodivenntz, the hydvaulic eylinder may be configured
sirnilarly to most conventional hydundic cylinders, sad the wall, sspeoially the fnney
wall of st least the chamber for storing s Hguid medicament to be delivered, may he

composed of bio-inert and inexpensive materigls.

The following desoription is S priveipel illustration ondy, and showld not be
construed as Hmtling v any respect. Various Hlustrative sllernative smbodiments are

described further below,

Hydranhic ovlinder 100, as desoribed in Figure 3, conadsts of two chambers,
110 and 126 Chamber 110 {corresponding to the pewyp chamber) is flled by
hydraglo working Soid 112 from a hydvache reservolr 114, Filling Is scoomplished

by means of 8 connestive passage 116, such a8 {hoat ot Hmited 1o} 2 tube or fomen
gither Sexibly or dgidly conneting hydrantic reservatr 114 and hydegalic ovlinder
100 As Trpdeantic fuid 112 {s forced out of regervolr 114 by actuatin 135

{consisting, in an exeuplary embodiment, of pedstaliic comprassion plates 1354

il
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and 135R and hinge 135C), chambey 110 fills with hydradlic fuid expanding s
volume and thus forcing piston elevoent 130 {harvier mechanism) indo chantber 120
{vorrssponding to the fluld chamber). The dotted Tnes n the actuator and the piston
ju Figues 2 reprosent the later-di-tinee position of a plete-hings actuating mechanism,

and the later-fn-time position of the barrtes / piston,

Figure 3 15 a schematio dgran ilustiating ong advantage of the fluid
delivery systemy, a.g., its ability to tolerate relatively large variations in frce
penerating the over-pressure, to create a relatively ronstant fuid delivery rate over
tinw or distance traveled by the burrier pistor Itz spparent that without the
Fedemulic ponyp systemn, sny direet wre of foree o expel fhuid in the fuid chamber
will be hard fo control, and will be sebjectad to a large vaviation in delivery rate of
the foid (Figees 3AY In condeast, with the hydraule pang, the delivery rafe i

much more constud {‘i* gure 383,

Chambers 11 and 120 canbe, but arg not nevossanly separsie, phivsical
charabers, since both charabers can sxist within the confings of & Tyduulic pylinder
such as the one in Figore 2 (hydraulic oylinder 100}, The chambers are sepsvated by
a movesble barrier, such ax the piston elentent 130 in Pigure 2, where plston 138
may be a Hutd-ight barrier that prevents hydrauntie thad 1132 fom eotering the
second medivament fluid storage chamber 120, However, the lnvention is sot
Inited in the type of hydranlic eylinder 100 or the contours, dimensions oy findshes
of the interior surfaces of oylindsr 108, chamber 110, or chansber 120, Furihermors,
the ivention is ot Hroited to partioular ctafigurstions of piston clement 130, The
following description Hlustrates soveral of many possible alivrnative ambodimonts

that can be enmployed s the subject fluid delivery system,

in one embodiment, as shown in Figure 44, the piston element 130 in Figure
2 iz replaced by & fexible membrane 132 separsting the ponp chambey T8 and the
Haid clamber 120, The fexitle mombrane can expand in sosponse o the increased
pressnre frony the pump chanbar 110, due to the increass i volums of the workiug
Hluid entering the purp charabor 110 through apevtore 182, This {0 furn expels fuid

frony the fuid chanher 130 via orifice 140,

s
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i snothey swmbodinnent, as shown in Figure 48, chambers 110 and 120 may
esch has a separate wall urt 134 and 138, reapectivedy {such as expandabls bags
made from Rexible metenials), By virtue of baing within the Haited condinsment of
eviinder 100, the exponsion in volune of chamber 110 nrosssarily lnads to the
decrease in vohune of chamber 128, srogting a foroe o oxpel Raguid from chamber

120 via orifice 140,

In vet anotber smbodiment, as shown in Figare 40, the punp chamber 110
and the finid chamber 120 may be sepsrated from cach other, but ars mechanically
compled through a barrior mechsnismn 138 that trsnamdts eovermonts in pop
chantber 116 fo that in the fhedd chamber 120 The coupling mechanism 138 can
either sugment or diinish the wagnitade of the mitial wovement i the puep
chantber 11, such thet fhe comeaponding wovement in the fudd chamber 120 i3
inereased, ov deoreased, respeotively, resulting in expelling a losger oy sialler
amount of medivament fuid fom the fluid chamber 120, For sxample, the coupling
mechanisnt 138 can be bwa plstons linked by g shall, ax shown in Figure 4C. fnone
embodiment, the fluid chanber 120 may be detached Hown the puang chamber 119,

so that a new fhaad chamber (1207, not shovn) may by re-attached.

2 noded above, shamber 120 s fo be tnitially Sled with a quantity of Hauid
component to be delivered, such as 1 medicament, Tn the case of o madicement, the
quentity winld typloally be determined hy & medical professionsl in srder fo wovides
fha necessary dosing over 3 prasdeternuined peried of thne. The volume of the finid
chambey may be aboat 100 1, 360 gl L ml 3w, 5 ml, 10 ml, 30 md, 50 s, 100 i

OF JIGT0

The depicted hydvanbo aylinder 100 in Figure 2 con be further connented fo
any inflasion set 160 through ovifice 140 at the distal snd of chamber 128 {distel here
meaning the end of chamber 120 Melant fom piston 130}, In other wordy, the oulput
oritice 140 of hydeanlic oylinder 160 s on the opposits end of the eylinder from
hydraudio floid input apevture 152, as one would conuuonly expedt fn s hydvaglic

systony. However, this is mevely one of the prefored desigos, The outpad orifice 148
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could be located on the wall of cylinder 100 at the chamber 120 portion if desired

{zoe Figure § below).

Attached to orifice 140, In some embodiments, 1§ s infusion device or Yget?
15 . ey Fan WD & PR X TETTS cosady v 5 “ & o T
180 selected from say of the infosion means conventiopsily known and ueed in the
medical arts. Exmnples of infusdon devices inclader & neadle, such as depicted in
Figure 1: 8 hven and needle sofl a catheler-cannuda sl or a mivvonsadie or
mivronesdle angy attached by moams of ove o more lomens, One of ordivary skill in
the art will readily sppreciate that msmy devicss exist o convey medicaments inlo 8
body. Accordingly, the breention is not Hmited in the typss of infusion or fnjrction

dovices used therowith,

In an Husteative ernbodiment, g8 shown here in g bigh-level schematic
drawing in Figure 5, the fhuid delivery system is affived to 8 delivery mes ofa
patient, a.g. skin 300, by an adhesive means, such a8 ¢ tansdermal pated, The faid
chatither 130 13 comettad to a mitrovesdle or an arvay of wicronsedlss 180, such as
those described In TS, Pat. Mo, 6,503,231 (ncorporated horsin by reference}.
Untike what s shown in Figwre 5, the ndoraneedie(s) need not completely entar the
skin Jayer 200, To schisve a low profile, both the pump chamber 110 and the fhuid

,,

chatber 120 muy be Hat in shape {rather than shaped like a cylinder), and the onler-
surfaoss may hug the contowr of the sttached shin Tayer 200, The ontfiee(s) (not
showi) conmecting the had chamber and the micronsedie(s) profsvably opass on g
side~wall of the fhad chamber 120, Alternatively, 3 connective passage may link the
orifice on Huid chamber 130 o he micronesdle or microncedle(s) arvay, Barder 130
and aporhee 152 aee as deseribed sbove. Also shown ix vae smbodiment of the
aotuated, wheve plates 135 sctuated by spring mechantan squeoze the hydemutic flhaid
reservodr 114 o dnfect Tvdoulie working fuid dnte the paap chamber 110, Other
sotuators, such as those described tn other pavts of the specification, rany be adapled

for use in this embodinen

As excphified in Figure I in operation, the fluid {e.g. medicament) 1s
adnuristerad by comprassing hydvadic Suid reservolr 114 in g controlled mantey

with avtuator 135, Fignres 2 shows an excrplary peristaliio mechanism actuator

14
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135, Howsver, the achiator may be altemnatively selented Sont any of s nuwborof
squesze devices thet spply 8 furce on the vessrvodrn, such as & mintahrized bellows
crank or paired rollers bearing on wesrvolr 114 {see Figure § balow), Morover, in
other embodiments, the reservol van be acted on by an expanding gas volume,
thermal energy, or any other device or provess that will be capable of causing the
flaid foapply 8 prosse, elther dirsotly or Indivsetedy, to the medicant belng

dohivared.

In the enibodiment shown in Figure 2, plates 13534 and 1358 are attuched by
hinge 1350 and forced topether by means of g spring o, in sowe orbediments, tue
or mowe piozoelscitic eloments, such that fexible (o5, clastomenie) hydranlic fad
reservolr 114 s squoesed botersen them, Squeszing an olasknuerde reservadr Barces
the contenis of the reservorr oot through whatever aperhue oxists in the weervolr, In
sowe embodinens, an aperiueg 182 18 provided by the couphing fube 116 and the

achiustalie apsrture 150, further described below.

Actuator 138 may also take on others forms. Ratohet or stepper saotor driven
whits that compress plates or other stroctures beaving on hydraudic veservoir 114 that
wove hydrandic Sudd may also be need withowt departing from the presest invention
Additionally, for s two-plate hinged peristaltic mechanism such as fatrepresontad
by reference designator 135 in Figuee 2, springs mownted tnternally or extemnally
the plates {not sheawn) may be used to fwoe the plates together, Blectrically ditven or
plezssisctrio mechanisns, suoh a8 those desoribed fn the prior axt, way alse be

emplovad.

I one exrbodivent, as shown In Figure 64, one o wore axiernsl spring(s)
1351 having a covstant spring coaffoiant over #s full vangs of protion i fare)
enploved. {For the suke of simplielty, 2 single spring configuratives 1a Jescribed. B
prttiple springs seay be used © adjust forees.) This spring is disposed so as to
conngoet portions of pims 1354 and 1358 distant from Mage 1350 and to daw
them together (nwardly), thus beariug o reservolr 114, Thus, whon the system is
mitially prepared for wee, the spring 18 exdended (e, placed tu tension) by forcing

plades 1354 and 135 apart. The plates are then held In place with a removable

fmnis
e
I3
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brsce or other devies {pol shown} fo keep them fom sompressing hydrautic
reservodr 114 Onee the pump is i placs and conneated fheough infision wssns 168
{soe Figure 3, hut not showsn hered to inject the medicament into the patient, the
brace may be removed, The constant spring tonsion placed on plates 1384 and 13538
of actuator 135 will then dowly force the plates fogether and squessse hydrantic fluid

112 out of resevvoir 114 in g pevisiaisis-dike sction.

In another embodiment, ss llustrated in Figure 8B, & conopressed spring or
set oof springs 260 may be ussd to push a pixton slement 250 through o guided-path
to comypress the hydranlio floid reservolr 114, At fhe end of the weservedr, distalto
the piston slement 354, 10 an sperhure 152 that sllows the hydvanlio finid 112 0 enter
the adiscunt pony chamber 110, 3o that barrier 13 may move socordingly. Ina
miove atmphified version, the spring mechanism 250 and 360 may be replaced by
thunib fores 304, fust lke in a traditfonal syringe Flgwe $CL Inboth F igures 6B
anad 8C, there i3 no connective passage separating the fuid reservoir 114 fom the

pump chamber 11Q,

The adiustablo specture provides regulation of the hydeaslic ;)féé&t};re and
fow rate in the popp chamber 11O, Thix rogulafion may be offected by allowing the
apertare 152 {in Figure 2} fo be adjusted to sodmumely wall diveensdons, foe
example, 2 diameter of cne-in thousawdthe of an Inch {00001 inches, or gbout

2.5 an) ovless,

Tnous embodianent, the aportiee 152 hag a Sxed size. R does not heve to be
vound / aiveulay i shape. For example, # could be voughly & square, 8 triangle, an
oval, ru trregnlar shape, of 8 polygey. Whatever the shape, the avea of the opening
will be sized to achivve the flow wate doxived, T wxample, the opening may be showt
ane-tenth thopsandths of an uch fr 2-3 pm} in ﬁiame’iﬁzx:. Depending on use, the
opasing sive can be svthing, inchuding an opening betwesn 200 nm — SO0 n, or
SO0 mn -~ 1000 noy, or 142w, or S-10 g, Other stees and dimensions can be
selected and the size and dimension seleoted will depend upon the application at

1~
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I other srnbodinsts, as shown in Figiwe 7, the apertare 1537 may be
adfustable In size, as by mesns of 2 conventional irls mechanism {see Figure 73,
miniaturs valve, or pajred gating slits (o example and not by way of Hmitation)
curenthy koown in the avs. For examyple, the adiustable sperture 152 may be
adinsted by means of u simple thumb wheel 130 that sctivates e conventional,
mirdaturized valve of trds device discussed above. In an alternats swmbodiment, an
glectrics! motor or plezoeieoiric devics miny be used fo open or close the apsehies,
thus affecting the rate ot which hydrautic fludd 112 Sows into chamber 110 and

noves batrier 130,

Regardless of whether the apertore 8 adiusiable or not, the flow rate of the
hydraulic Huid omn by controlled 1o suit ditfersid needs, Bn certain smbodiments, the
guantity of the fluid in the Suid chamber is expelied at & rate selecied fronu showt
100 0l -1 pd per munete, abont 1516 o por mioute, or about 16-100 ol persinuts. In
other snshbodinents, the fudd role o muediated and controlled to be from 801l per
hour to 1N miliiers per hour, The rate selected will depond upon the applivation st
hand, and those of skill in the art will be alide to deternmuine the proper dosage rats for

a given application,

O feature of apseture 1532, whether adjustabls or not, is that i can be made
sxhrsrnely small so that hydranbtic fuid 112 enters chamber 110 at very low tates,
such as but not Hovited fo tates as low 25 ones o tons of micro-diters per minute,
When used with a hydeohe Sud of appropriate viscostty (fuirther discussed belowl,
the configuration of eperture 132 enables precise prossore regulation that is
sensiiive fo sabiont preasure or other ewvivoranents] conditions. This nsenstiivity,
fn tuens, sllows for highly scrurste dosing snd dose regulation wnder a wider range

of conditicns than previously seen in the arts.

Hydeautie fuid 112 s, tn some ondodinents, an uhivapure, high viscosity,
hio-inert material, Visoosity i Havted a8 15 woper bound by the amount of foree
developed by the actastor, In certain sntbodimenty, the foree gonemted by the
actuator fsabort 10T, S A EL 21, 116, 0.5 1, 0.1 16, 001 thor less., Ad fs owsr

x5

bomsd, the flaid mwst be viscous snough so that the fow cmt romadn Mghly regulated

¢
s
-3
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by fle conthination of sctuator pressure and sperture dismeter in all savivonment
sonditions, sspecially in the presence of low atnvospheric pressure andfor high
anthient temperature (where viscosity fends to devvense). A simpls festmay be
performed to roughly determing fhe average Sow rate of the hydrautic finid, by
fixing an apertare size and the pushing fores sxerted on the fuld reservoly, snd
determiining the amonnt of hydrandie fuid romalning i the reservolr (und thus the
simount exited) after a perlod of thue. Consecutive poriods of hyduulie fuid loss
{c.g. Huid loss fn conscontive S-iinnte pediods, ste} may bo measursd i dotorming
if the rste of hpdrsulie fiid Toss fon the reserviir s constant over fime under the

sondition wsed,

Medicaments suileble for use with the system pressntly disclosed mutads:
neulin, oplates mudor ather pallistives, hormanes, psychofropde therapsutic
sompusition, ev sy ther drog or chenvical whose conttnuous low vodume dosing is
desirable oy efficacins for use in reating paficnts Note too that “patienis™ can b
huroan or novchuman andmaly the wee of continuous dosing puraps is not confined

sodely to lnonsn medicie, but con equally apphiad to volerinarian medicines

Tn an alfernate embodimest of the systewn, two o more hydeaslio ressrvolrs
and actastors are provided (Figure ). In an Mlustrative envbodinsent showrs in Figuve
8A, the Hrst roscrvoir 400 and actstor 235 are the sane as or similar to Hems 114
and 135 in Figure 2. The second reservoir $00 and notuator 235, which may use the
sanie peristaltic actustor 135 as shown in Figure 2 or any other compventional
altomative, such as those described above, are provided with a sopamste confrel, In
other waords, the seoondd actuntor may be controlled independently of the fst. Both
Huid rosorvoins ave connected {o the pump chamber wall 180, through apertuves 154
and 156, respeotively, The connection may oplionally go through comnestive
pasaages 116, Bucd a contiguration de useful {n situations wheve special, discrste
doses of the medivament sy be recessary. For examply, an nsulin-dependent
digbetic may often find it neozsaary fo recuive w additions] booster dose or holus of

msutin immediately after meals, in addition to and along with contimuously supplisd
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insulin during the day. The sseond actaator conteol may thus be operated

independently of the first actuator control mechauism o duliver the bolus,

In an alfomnative smbodiment, shown dn Figure 8B, hydranlic fluid 112 fom
bath ressrvoirs 00 and 500 may pass togrther through o common lunen 116 and
thence through adjustable sperture 152 (Figure §B}, Alexuatively, as desoribad
above, the fwn peserveirs niay lead inte hydrandic chamber 110 by way of separate
Tumens aud separstely adjustable sperfures 154 and 156 (Figure SA} o this lattsr
configuration, the rate of dosing affected by sither reservolr may be independently

soptrolied fheough thew respective adjustaiﬁie aportures.

In o flether slterrative, one of the reservolrs may lead 5 & fixed aperfre
while the other leads to an adjustable aperhire. In (his cnthadinnent, useful in cases
such as the insulin-dependent diabatic deseribed above, the fixed-aperiwre-connested
Tvdrenutie reservolr oon be schuated o provide bolus dosing st disorete intervals,
while the adjustable-speriure-conneotad hydraulic reservolr can be nsed o provide

contingous shrw dosing.

EXEMPLARY EMBOUDIMENT UNNG THE FLIHD DELIVERY SYSTEM

In o exemplary smbodiment, theve is provided a mothod of sdhobistoring 8
medicament, comprising: comprossing 8 hydranlio flaid reservolr to foroe said
hydranlic finid Seough s connention means; pessing sadd hydoadic fhudd trongh an
adiustable aperiure into » first, punp chotaber, whereln said punap chamber &
separated from an adjacent fluid storsge chianber, for example, by s movesble
harsier, snd wherein sald floid storage chamber 1s Bllad with o medicament;
displacing said moveasble baerier info aid Huid storage chamber by Blling said punp
chamber with said hvdrautic fluid, wherein sald displacing causes 3 quantity of auid

medicameant to be sxpelled o said fuld storage chantber throngh an oxificn.

Safd passing may bo rogulated by said adiusiable apechie varying the How of
said hydeute Buid and thus the quantity of said medicament expelled through said

=

ortfice. Purthennore, the method may Swrther comprise injrcting 8 guantity of said

medicament o 8 putisst throngh an bfusion set conneded o said orifics

I 1.2
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I some entbodimeats, the step of compressing may cuploy pedistaltip
compaction of sald reservisir at & constant tate. Alternatively, the compressing step

may smpley peristaliie compaction of said reservolr at 3 varialile rate,

vt apother slternate snbodiment, the method resy further conyise
rapidly conypressing & second hydranlic reservolr Suidly connected fo said pump
chamber fo displave said moveable barder and thus csuse a bolug of said
vaedivarment to be expelied throngh seid orifics, This embodiment may Ruther
comprise pessing said hydratic fhid from said second hydraudio veservolr through a

sevond aperture info sald poogs chanber,

The order in which the sleps of the prosent method are performed 18 puely
Hhuatrafive in vatuvg, and may ot nesd o be performed in fhe exact sequance they
are destribed, In fact, the sieps can by performed in any suitable order or tn paralied,

nnless otherwise indivated as inappropriate by the present disclosure.

While several Hustrative smbodimenty of the hydraulic panp syston and §ig
nsa in the Buid delivery systons have been shown and described, # will be apparent
to those skilled fn the art fhat changes and modifications may he made without
departing from this lmvention in #y brosder aspoct and, therefore, the sppended
clatos are t enciinpass within thete scops all such changes snd wmodiBeations as

all within the true spirit of this fvention.

30
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1. A hydrantically actuated fuid delivery sysion for sustained delivery of 2
Hguid component, comprising:

& puny chantber, snd & Huid storage chamber having an orifios and

R 23

heing fanctionally conngeled fo said punyy chanther by @ movesbls
barrior;

3 hvdrautic fhuid resorvadr for stortng # bigh viscosity fuid, said
reservoir being connested fo said pumy chamber via a rostrictor
capable of controlling the rate of How of the Ngh viscosity fivid,

¢ sand,

an actuator functionally connented {0 said hydranlic Said resarvaiy to
cauas sald hydraulic fluid to flow inte aaid pump chanber through
said yostrictor, thersby expaiting the vohune of said punyp shanber,

displacing sald movesble barrier and causing s quentity of said hauid

i5 compponent stored in said fuid storage chamber o be delivaed at g
sustained vate.

& The Huid delivery system of cladm 1, wherein soid pump chambar and said
fhuad sforage chanmber sye both within 8 compartmest.

3 The fuid delivery system of claim 2, wherein said muovesble barrler s a

24 piston or planger plate.

4. The fluid delivery system of claim 3, wheretn the movernens of said platon or
phngse plate is puided such that said piston o plunger plate doss not fip wr
generste leakege when moving,

S The fwid delivory systom of clsim 2, wherein ssid reovesble harier s one or

28 e doformable mersbrane separating said puap and Suid storage
chawbers,

&, The fluid delivery ayston of claim 1, wheredn the Hyuid component s &
medicament, and the wall of said Sid storage chamber iy composed ol bio-
inert materials,

w7 The fluid deltvery systom of claim 1, wherein said vestrictor comprises an

aperture having o selected size.
)
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The fhuid delivery system of claim 1, wherein said resirictor {5 adfustable in
size to sllow variable fvdeanlic prossurs.

The fludd delivery systom of elatm 7, wheretn the size of said sperture s
adiusted by a contrel dial. '

The fhuid delivery systom of clalm 8, whershn satd control activates a
ministucized valve ov ins device,

The fluid delivery syatom of claim 1, wherein said quantity of said higuwsd
componerd iy expelled st g rate selocted frony: about 1000 <1 @ per minute,

about 1-18 gl per minute, abowt 10100 yl per muinnte, abeagt 100 @l - 108

mithiters per hour,

The floid delivery aystem of oladm 1, whersin said sctuatoy coanprises &
mirdaturized ballows ook, patted rollers, ons or more plezoelsotic
cloments, » malchet ot stepper mjor driven wit, a two-plate hinged
peristaliic mechandsm, sy eleotrically driver or prosociectie mechanism
The thad delivery systom of elaitn 1, wherein said sctuator ongploys oue or
oo oxiehid springs.

The fhedd delivery system of olaim 1, fether comprising & connective
passags Hoking saod hydrautic fidd ressrvoiy to said pump chambey theough
said aperture.

The fhuld delivery systom of clsire 1, wherein said Hauid component in g
solution of & modicrment.

The fhad delivery system of olaim 18, wherotn said medicament B insulin,
an opiade, 8 hormone, & psychotropic farapeaiic congposilion

The fuid debivery systom of olaim 1, wheretn said orifies of said fluid
storage chamber s connscted to an Infusion aet fr delivering said Hauid
somponent i & petient.

The Huid delivery systom of cladm 1, wherein said patient is & manmmahian
patient selzcied from human or non-hunan aninial,

The fuld delivery sydmm of clabn 1, whereln said infusion st is s needle; a
fumen aud needie set, 8 catheter-cannnla sst, of a wistonesdly or micronsedle

array attached by woans of oue or more lemens,

g

M i
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The fluid delivery sestem of elabin 1, wherein said pup is manufactored

with insypenstve material for single-use,

The fludd delivery system of claim 20, wherein said inexpensive material is
ntox-free and s suitable fiw we in Iatex-intolorant patisnt,
The fluid delivery system of vlaie 20, whevein sald nexpensive material is
disposadide or recyelabls,

The fuid deltvery systorm of claim 20, whereln said inexpensive material is
glang or medica] grade PVC,

The fhud delivery system of claym 1, fucther coumprising » second hydranlic
FeSErvOls,
The fhad delivery system of claim 24, wherein seid second hpdvanlic
reservolrr 1 separstely and independently controlled by g seeond actuator,
The fwid delivery gystem of olain 25, wherain the second hypdraudio reservoly
and e orviginal reserviddy are both connected via a common connsetive
passage and theouph said aperturs to said pump chantber.

The fluid delivery systom of claim 23, wherein the sevond hydrantio
reservolr is conneoted o said pumyp chawber through g second sperture,
The fwid delivery svstern of elai 27, whersin one of the two hydradie

peservolrs s nsed for sustained delivery of sadd Baeid component, and the

other of the bwo hydeadie reservolr & used for g bohu delivery of sadd Hoguwid

eomnponent al predetermined intervaly,

The finid delivery systens of claim 25, wherein both apartuves ave
nidependently adjustabls,

The fluid delivery systom of claim 28, wherein one of the two aperiures are
adjustable,

The fuid delivery systeny of clatm 1, wherein satd susiaingd delivery is over
2 period off more thay 3 hours, more than 24 hoers, move then 3 days, ot
move than ong week,

The fhuid deBivery system of claim 1, wheretn the viscosity of said hydeaudic
fhed 1 about 80 VO 20 or mare,

A hvdeaulivally achuted prunp systom comprising:

{1} s pump chamber fchonslly comnected © a moveable bamier

23 .
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{3} uhydraaic fuid reservoir for stoving 2 high viscosily flnid, said
revervolr befug conpeotad o sald punip chawmbsy via an aporture less
than 3 1m in dismeter, snd the largest fmolible pacticle, Wany, In
said hydnmulic Hhadd fs oo move than the aize of aadd spertare; and,

{3} snscteator fanctionslly connectad to sadd hydesnhic Haid reservolr o
canse said hydranhie fluid 1 How wio said pump chamber theough
said sperburs, thereby expanding the vohune of said pump chamber,
displacing said moveshle bagner

A method of admizdsioring & medicament;, comprising

{1} compressing & hydranbic fludd reservedr to free sald hydraulio foid
through a connection means;

passing sadd hydranlio finid ducaghy s adjustabile aportugs o a

s
32
e

wamnp chamber, wherels said punp chander is soparated fronn ag
adjavent thald storage chamber by o muoveable barrer and wherain
suid fuid storage chamber is filled with a medicament;

{3y  displocing said moveabls barrier tndo swid fhad storage chamber by
filling said pusp chamber with said hydvavdic fuid, wherein said
displucing canses 8 quantity of said medicament 16 be expelied froam
said fluid storage chamber through an output prifics.

The method of slaim 34, whersin sald passing is rogulated by said adjnstable

aperture varying the Sow of sand hyduuhe fuid aud thus fhe quantity of said

medicament expeliad through sald orifice.

The method of olaim 34, Suther conprising injecting & quantity of sadd

medicament info a patient throngh an inflsdon sof eonnscted to anid oifice.

The method of clain 34, whersin sald compressing ssuplovs peristaltie

compactiog of said reservadr 88 2 constant rafs.

The method of slaim 34, whersin sald compressing ssoplovs perigialiie

conpaction of ssid reservedr at a vaviable rate.

The wethod of claim 34, firther comprising rapiily compressing ¢ sesond

hydenntie revervoir fuidly commected to said pump charber to displace said

T
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raoveable barrier sud thus cavse a bolws of said medivament to be expelled

theough suid onifice.

The method of clatm 38, further congising passing sadd hydrsulic Suid from
suid second hydeaulic reservoir through & secomd sperture Into sald pump

chamber.

£
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