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BACKGROUND OF THE INVENTION Field of the Invention [0001]
Embodiments of the present invention relate generally to a method, a
'system and various devices for sustained medical infusion of fluids, and
more particularly, to a system having a portable infusion device
(preferably miniature) adherable directly to a patient's skin, and to
associated methods and devices for accurate dispensing of fluids from the
device into the body of the patient. Some embodiments of the present
invention relate to the connection of two or more separate portions (e.g.,
planar connection), such as a disposable portion and a reusable portion,
preferably forming a flexible, pliable and thin skin-compliant device (e.qg.,
patch). Background of Inve. ntion [OM] Medical treatment of several
illnesses requires continuous drug infusion into various body tissues,
through subcutaneous and intra-venous injections (for example). Diabetes
. . MODULAR BORTABLE IN TON . .
mellitus patients require The adminictiaton ot \9ar)‘/2| amounts of insulin
throughout the day to control blood glucose levels. In recent years,
ambulatory portable insBik4fE5ia Bukpd Have emerged as a superior
altemative (o muliple, daily injections,  of lpsulin; These pumps, which
deliver {RBUTT at 4" continuots Basal Tate as well s ih bolus volumes, were

13e8/8loped 1oV ibarbte Pafids ftomirspoatediseichdnimidtdreerinfetsddns,
rapdalow them to maintain a near-normal daily routine. Both basal and
bolus volumes must be delivered in precise doses, according to an
individual prescription, since an overdose of insulin could be fatal,
Therefore, insulin injecti S [ reliable to prevent
delivery of any uni'r%egr%g%#éﬁ)%})g&s@ ?r’ﬁs&lﬁi?}l\.ﬂf[%%%ﬁ%everal ambulatory
ripsulinyinfysigndevices are currently available on the market. Generally,
these devices have two parts: a reusable portion, containing a dispenser,
[@etnoitediardtetdciraniesytamdatidisptsabiespdition contaihmgysem and
vIRSRIVRI.A ReSHle ASSBIMRl: withiGAoPiaaNdd10Ga", ARd A flid delivery

tube. The insertion of a variety of needles of different Jength anddnsertion

sygﬁfdfe}éa'% ?e?ﬂﬁ??@& ﬁ\&lﬁllcgl fg:(‘,{éct?oqﬁ%%efﬁ}ély miniafure) adherable directly to a

patient's skin, and fo associated methods and devices for accurate dispensing of fluids

from the device into the body of the patient. Some embodiments of the present invention
-telate to the connection of two or more separate portions (e.g., planar conmectiorn), such as
a disposable portion and a reusable portion, preferably forming a flexible, pliable and thin

skin-compliant device {e.g., patch).

Background of Invention

[000:2] Medical treatment of several illnesses requires continuous drug infusion into
various body tissues, through subcutaneous and intra-venous injections {(for éxample).
Diabetes mellitus patients require the administration of varying azﬁounts of insulin
throughout'the day to control blood glucose levels. In recent vears, ambulatory portable

insulin infusion pumps have emerged as a superior alternative to multiple daily injections



injection on the body, demands a great deal of skill and practice. Usually,
the patient fills the reservoir, attaches the needle and the delivery tube to

thg/gxi§PRL:9f-the reservoir, and then inserts the reservoir mtgy}%ﬁﬁgﬁ 01276
housing After purging air out of the reservoir, the tube and the needle, the

patient inserts the needle assembly, trocar and cannula, at a selected
location on the body, and withdraws the trocar. To avoid irritation and
infection, the subcutaneous cannula must be replaced and discarded after
R0 thiee. davs, Lagsneritn. g, emp, fesenyol [0 Bxamelgs of
st generat| sposable syringe-type reservoir an es were
béé%8%@&%@967@5&?%@6@%%@%@%éepsﬁsqs*dﬁaﬂaﬁ@lﬁf@@g?s by
ikaminskhdalbSiRalentNe.3 4 £t69%h-and Jaterhy:-Siampfiie.in dSwtrtent
, Skakoon, US Patent No. 4544 9 The drv ing
e Py S e
AR PROYr AhAPHEET MGlen St ofisrelfin gaspiston cOthor BRI BA g higkly
rﬁﬂ%@mmﬂ‘kﬁyﬁdﬁﬁﬁhﬁiaﬁﬁﬁtbﬁﬁmtmmg iperistaltic positive
isplacements pumps, for example in 1980, by Wilfried Sella] et. al., in US
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c@gwml;& IRapLgNEL sﬂt LQyer multiple.dai &L@uﬁ tions, but all suffer from

several drawbacks. The main drawback is rge size and the w weight of
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Consequently, he fluid delivery tube is long, usua ¥ longerth
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devices disturb regular activities, such as sl eepln? and swimming, for

2BG B SETRCIBRE™ e ARLE SPIE TS HofEiEd o Pt Srbters
srijodfyascun@e ceptabilec 0006k inradditicnpihe delivBrytabeadxcludes some

dQptiona femata.insertion.sitss, like the buttocks and the extremities. To
avoid the tubing limitations, a second generation of such devices has

[ Fdevided: { Theserdetives sinchided sxigeusirg-having:aduottenvsurface

de@m@ﬂ faprsontagtwith the paisNUs. kit s reserveindisposedhwithingthe
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US Patent No. 4544369, The driving mechanism of these devices is a screw thread

driven plunger controlling the programmed movement of a syringe piston. Other

dispensing mechanisms have been described including peristaltic positive displacements

pumps, for example in 1980, by Wilfried Schal et. al., in US Patent No. 4197852, and later by

Schreider, in US Patent No. 4498843, and by Wolff, in US Patent No.4715786.

[0005} These devices represent a significant improvement over maltiple daily injections,
but all suffer from several drawbacks. The main drawback is the large size and the weight
of the device, caused by the spatial configuration and the relatively large driving
mechanism of the syringe and the piston. The relatively bulky deviee had te be carried in
a patient’s pocket or attached to the belt. Conseguently, the fluid delivery tube s long,

usually longer than 40crmn, to permit needle insertion i remote sites of the body, These



[0007] This paradigm was described by Schneider, in US Patent No,
4498843, Burton in US Patent No. 5957895, Connelly, in US Patent No.
6589229, and by Flaherty in US Patents No. 6740059 and 6749587, none

of Wemadeing-eurrently available on the market. The above-meastionedss/co1276
second-generation devices have several limitations. They are bulky,

because the reusable dispensing portron including the driving mechanism,

is assembled on top of the disposable needle/reservoir portion. Such a
"sandwich shaped" design, and their stacking in at least two layers, leads
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wp&tientsisdpepmryenient and requires some skill to accomplish. The device
was abandoned by patients wanting to see the puncture site and
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with inefficient energy utilization, and constant, long term pressure of the
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material, m whic e trahs e Is made. Another disadvantage of
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Ot er raw ac cond-generation devices include leaking
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urchase price running from $4000 to $6000, and maintenance ¢osts
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pRESHG WhishseesmghiraniadischcrrRscianwii-AcRRAREIRG Jube,
- " and that allows direct'adhesion to the patient's skin at any desired location
3R e body, and that could be remotely controlled. Preferably, the

garéaoeépc!ﬁdpeqr%eﬁ s dgvigs S rrl@&rgme&eee&mr&eﬁer?@% ie.
manual fillin ﬁ%réjh@ur én%%ﬁof air. After connection of the reusab and the
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doses of fluid, SUMMARY OF THE INVENTION [0011 Embodlments of
f&ﬁearareeeﬂrfﬁﬁ’v‘ﬁﬁheﬁr%&rréggefﬁé%av%&r@d‘?%ﬁe& BIfFpRESEHT o
thmpthodsyaysiensmied devicesfiotubustainethrredicabstiflisiofitbf Hiermfivial

rABd therppabtic iguids, ig.abody @t %@H@é}tm@geferemdm with
programmed mode of highly accurate doses I|veredtb%/ a skin-a 8%}ﬂerable
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f&‘t‘%ﬂ@!%%%?ﬁhf@ﬂrﬁ%@% seotnlied Fatednisetion afadipuyidinia a
body of a patient. S a method may comprise one or more of the
following steps: providing a first separate, reusable unit, preferably
comprising: a controller for managing operations, a transceiver for
communication,



an engine for generating motion for a fluid transfer system, and a first
portion (preferably main portion) of a fluid transfer system, the fluid

tra\g}g%ﬂs,)ﬁgggm becoming operative for transfer of liquid when %he first
portion is coupled to a secondary portion; providing a second se e
depletable unit preferably comprising: a secondary portion of the fluid
transfer system, for coupling to the first portion, a reservoir of liquid to be
infused, optionally providing a well, a tube to enable communicating fluid
from the reservoir to the body of the patient, and at least one battery for
RSP IGwWEt TB8HE first unit when the first unit is operatively coupled

inibpsaconduoikRradding 2-hireh il preferably comprising.acannula,
and a trocar fitted tg the cannula for inserting the manila into skin and

B RE BRGSO SEPR A To S8 CORESITIIT pratersbly oo
comprisingtia fansceinesfordoonymenic afibrtwith sdverfirgtngmition pumps is

their extremely high purchase price, running from $4000 to $60060, and mainienance costs

06/061276

amounting to some $2350 per vear.

[0010] Thus, there is 2 need for 2 muiniature portable programmable {luid dispenser
having an insertion needle which does not require direct connection with 2 connecting
tube, and that allows direct adhesion to the patient’s skin at any desired location on the
body, and that could be remotely contrelled. Preferably, the disposable portion of the
device should contzin a reservoir allowing manual filling and purging of air. After
connection of the reusable and the disposable portions, the thickness of the unified device
should be small (e.g., less than five (5 mm). Furthermore, the reusable portion should

contzin a high precision peristaltic pump for very accurate dispensing deses of fiuid.

SUMMARY OF THE INVENTION

16011} Emboediments of the present invention address the above-noted concerns and
present methods, systems and devices for sustained medical infusion of beneficial and
therapeutic liguids into a body of a patient, preferably in 2 programmed mode of highly
accurats doses delivered by 2 skin-adherable and preferably compliant flexible devies
(e.g., patch).

[0012] Ifisobject of some of the embodiments of the present mvention to provide a
method for sustaimed medical infusion with controlied rate injection of & liquid into a

body of & patient. Such a method may comprise one or more of the following steps:
providing e first separats, reusable unit, prefersbly comprising:

& confroller for managing operations,

a transceiver for communication,

an engine for generating motion for a fiuid transfer system, and



at least one memory for storing at least one of one or more computer
program, data, and instructions, a command and control module coupled

to the memory and to the transceiver, and operative for receiving,
exepnting/@ngemitting data and instructions, and an 110 user iptaiassuianiz s
communication of data to a user and for sending instructions from the user

to the controller and transceiver. [0013] Upon emission of appropriate
instructions from the fourth unit, when (preferably) all three of the first unit,

the second unit, and the third unit are coupled together in associative
operatidinstpdtidis postekbin Huén sk of) tia paticnt:gowenhds supplied to the
enane{kaELalG MAONLIIE A IIIEE Y, ARHHPORNE:

cannula being inserted into the body of the patient, liquid is transterred

from tRSPESSRDIFITRHIE BBV under control of the controller and
HARSEENSLodR0d ALk BaetANalhe L ARIREL AL same,of the embodiments of
the present invention to provide a method for sustaingd medical infusion
where:adisatipriignalio fuithitanske:system fis disppses waniisidamt, a
second portion of the fluid transfer system is disposed in a second unit,
and cauphntyispilgyifse drinfiseperative association with the second unit
rende(r)st'ghe 1fllui(;l tradnsf%r seyﬁstem operational to eject fluid. [0015] It is yet -
another 0 Jegtpo?Yhén resérit invention to provide a method for sustained
medicalinfusioponheraditstunitef ffviddiseansar andqisecapdinitof
the fluggl dispenser, are releasably connectable, and each of the first and
the second unit may be configured as flexible, skin-compliant envelope,
and atieastdhenaregnd: unitisy eleasabls adherable adhe.skin: &agh
enveloge ma also 1bgttr%{ls&pare t. [0016] It is yet another object of some
of the Bmboditents of the presentirivention to provide a method for
pestainedinedicahnisignwhsiggach one of a first unit, a second unit,
and a third unit may come in different types depending upon the required
treatmemnofihrdpatient though still connectable together to fool' a
dispensing device (i.e., each type of each unit is interchangeable for use
with & Hﬂ??%’é‘ite&r‘fy STBRGRCT BFETeBE LATIEIR Pt SRS Peddtor
P0G G- ArInRdiments oL g PIERSALNYRDIoR I9.provide a method for
sustained medical infusion where a first portion of a fluid transfer system
exerts peessive om afthentevadiowiflowe affuiditherethrough only when the
first portion is operatively coupled to the secondary portion. [0018] It is yet
anothE G eRt Bravd BrUTRe M Fotime ot e pTesEnptisv om0
provideta méthasdas:sistained medical infusion where the reservoir may
be filled manually, and air may be purged manually out of at least one of a
reserdditatibandrpseivenitboroniet e fetemmpcenicts srevaicortie
embogienantstaf Hreipirgsent imvertigniatpng vde amethod daf, sustained
medical infusion where a cannula is insertable at any desired angle
rangifg ¥ro Hics dpsdsgiee sotoropigeipreeisi{o0e gy deaisadinr object of
the presentinvertiomiaprayvide @methogforsystaired medical infusion
where at least one sensor is disposed on either one of both, or in both, a
[9hEBUHRoBfoatitich disperserines austus it unitofott: fluit Whspémsaridy)

aproviderfeedbackisigealedaithe:contiallerand rags68iver ogether in
associative operation and disposed on the skin of the patient, power is supplied to the
engine for generating motion to the fluid transfer system, and upon the cannula being
inserted into the body of the patient, Hquid is transferred from the reservoir to the body, ,

under contrel of the controller and transceiver,



[0021] It is yet another object of some of the embodiments of the present
invention to provide a system for sustained medical infusion with

controlled rate injection of a liquid into the body of a patient. Such a
sysvémagTagariclude one or more of the following, and preferabBcimclzoes o276
a majority or all of the following: a first separate reusable unit, preferably
comprising: a controller for managing operations, a transceiver for
communication, an engine for generating motion for a fluid transfer

system, and a first (e.g., main) portion of a fluid transfer system, the fluid
[@rar b fie issyes banthbedgeni g sope ketive dob diamsier b thiguigavheretoerpled to

pRREANHANY PRI A.86600d SERAIS fepleRal fﬁo%'ﬁ , HEiREa s fer

comprising: a secaondary portion of the fluid transfer system, for coupl
Y R TSP BB, S8t SR SHIiBRTP R bt Sty 5 FRAEHF “g
imeedbcantiieitonénatniérgormiruinc atingofapd fioerr theirgsewiirtbe thesbdy

ufth REPRUEIM AN Ghnsfer system operational to eject fluid.

[06015] Tt is yet another object of the present invention to provide a method for sustained
medical infusion where a first unit of 2 fluid dispenser and a second unit of the fluid
dispenser, are releasably connectable, and each of the first and the second unit may be
configured as flexible, skin-compliant envelope, and at least the second unit is releasable

adherable to the skin. Each envelope may also be transparent.

[0016] I is vet another object of some of the embodiments of the present invention fo
provide a method for sustained medical infusion where cach one of a first unit, a second
ﬁnit, and a third unit may come in different types depending upon the required treatment,
of the patient ﬂiough still connectable together to form a dispensing device (i.e., each type

of each unit is interchangeable for use with a number of types of other units).

[G017] It is yet another object of some of the embodiments of the present invention to
provide a method for sustained medical infusion where a first portion of a fluid transfer
system exerts pressure on & tube to allow flow of fluid therethrough only when the first

portion is operatively coupled to the secondary portion.

[001.8] It is yet another object of some of the embodiments of the present invention fo
provide a method for sustained medical infusion where the reservoir may be filled
marrually, and air may be purged manually out of at least one of a reservoir, a tube, and a

well,

[0019] It is yet another object of some of the embodiments of the present invention to
provide a method for sustained medical infusion where a cannula is insertable at any

desired angle ranging from zero degrees to 90 degress.

{0020] It is yet another object of the present invention to provide a method for sustained
medical infusion where at least one sensor is disposed on either one of both, or in both, a
first unit of a fluid dispenser and a second unit of the fluid dispenser to provide feedback

signals to the controller and transceiver.

[00221] Itis yet another object of seme of the embodiments of the present invention to



at least one battery for delivery of power to the first unit when the first unit

is operatively coupled to the second unit; a third unit, preferably

comprising: a cannula, and  a trocar fitted to the cannula for inserting
thergarmalesimto sicin and body and providing a fourth separateptemotess/se1276
control unit, preferably comprising:7g transceiver for communication with

the controller and transceiver, at least one memory for storing at least one

of one or more computer programs, data, and instructions, a command

and control module coupled to the memory and to the transceiver and
wpperativefomréceisngeexetistingfand emitingdaiaanchisaitactionsuand

A HhOuse it 4, icati to a user and for sending
linstructiqr?s? iffréoﬁré{%ﬁe? u%%ﬁ%g}{%g%@%ﬁégﬁﬁ? gt?ansceir‘”-\?f(;trﬁ1 [gdﬁfﬁl rt%baéiﬁl )

RREAB T EEh Sppiany et a3t Ehe fourth unit, when all three of
ARefiLstunit hemecond Uit and the. third unit are preferably coupled

together in associative operation and. a‘%gposed on the skin of the patient,
power i»sugRlies stheienginerfarsgenerating motion for the fluid transfer
system, and when the cannula is inserted into the body of the patient,
liquid 3 FrErRiTEF S B I eBervoir to the body, via the tube and the

cannula unde{r control .of the,controll r.glnd transceiver. [0023] It is yet
] 1l

S ; . .
another object ofsome Of the embaditnents BY the BredBht invention to

provideiasysiens iRy prstainedimedicakniysion takingadyaniageaf the

method steps described hereinahgve.
%econngg opérative for franster opgqtgd when coupled to a secondary portion;

a second separate depletabie unit, preferably comprising:
a secondary portion of the fluid transfer system, for couplmg to the first portion,
a ISservoir Qf liquid to be infused,
optionally providing a well,

a tube to enable communicating fluid from the reservoir to the body of the patient,

and

at least one battery for defivery of power to the first unit when the first unit is

operatively coupled to the second unit;
a thixd unit, preferably comprising:
a cannula, and
a trocar fitted to the cannula for inserting the cannufa into skin and body; and
providing a fourth separate remote control unit, preferably comprising:
. a transceiver for communication with the controlier and transceiver,

at least one memory for storing at least one of one or more computer PrOgrams,

data, and instructions, -

2 command and control module coupled to the memory and to the fransceiver and

operative for receiving, executing, and emitting data and instructions, and



[0024] 1t is yet another object of the present invention to provide one or

more devices for sustained medical infusion with controlled rate injection

of a liquid into the body of a patient, the devices preferably comprising: a
firsvseparatezreusable device, preferably comprising: a controliat+at.2066/001276
managing operations, a transceivef for communication, an engine for
generating motion for a fluid transfer system, and a first (e.g., main)

portion of the fluid transfer system, the fluid transfer system becoming
operative for transfer of liquid when coupled to a secondary portion; a
seconépdépasatedepletaberavicetipreféiabli commprsinyr esdcgndary

portionnafthe. M ansies- sy slemnfoneoupling {g.the main portion, a
reservoir of liquid to be infused, optionally providing a well, a tube to

892kl &’ pomsmignizatiig flojol froms thetires dropiftofthetbody eli¢h el jiatient,
adi-a thirdidevicqq Rraferriiy somptis .H}Qiareferably coupled together in
associative operation and disposed on the skin of the patient, power is supplied to the
engine for generating motion for the fluid transfer system, and when the cannula is
inserted into the body of the patient, Yiquid is transferred from the reservoir to the body,

viz the tube and the canmula, under conirol of the controller and transceiver.

[0023] It is yet another object of some of the embodiments of the present invention to
provide a system for sustained medical infusion taking advantage of the method steps

described hereinabove.

{0024} Ttis yet another object of the present invention to provide one or more devices for
sustained medical infusion with controlled rate injection of a liquid into the body of a

patient, the devices preferably comprising:
a first separate reusable device, preferably comprising:
a controller for managing operations,
a transceiver for communication,
an engine for generating motion for a fluid transfer system, and

a first {e.g., main) portion of the fluid transfer system, the fluid transfer system

becoming operative for transfer of liquid when coupled to a secondary portion;
a second separate depletable device, preferably comprising:

a secondary portion of the fluid transfer systern, for coupling to the main portion,

a reservoir of liquid to be infused,

optionally providing a well,

a tube to enable communicating fluid from the reservoir to the body of the patient,

and

at least one battery for delivery of power to the first device when the first device i§

operatively coupled to the second device;



a cannula for insertion into the body of a patient, and a trocar fitted to

the cannula for inserting the cannula into skin and body; and a fourth

separate remote control device, preferably comprising: a transceiver for
commumicasinnwith the controller and transceiver, at least one gnemeks 001276
for storing at least one of one or more computer programs, data, and
instructions, a command and control module coupled to the memory and

to the transceiver and operative for receiving, executing, and emitting data
and instructions, and an 110 user interface for communication of data to a

weeranditersending iospuetions from the user to the controller and
transceiver. 10025) Upon emission of appropriate instructions from the

fourth desfreda vs &ncaictirsettT thévfirst geiiee 2He second device, and the

third deyice ate preferably oupled together i ssociative oneration and
disposed on the sKir, power is supplied to the engine Tor generating

metian fonthe duiddransiessysiemandyden g catmula is inserted into

the body of the patient, liquid is transferred from the reservoir to the body,
via the: tuiveceimel theccanmales tiondeihcbatroliof theontraltérsand
transceiver. [0026] These and other embodiments, advantages and
object’! Gth e RAEREBHKIERE e EvEr Thore WELF S RBWSPIRE2DS,
followihgedetaileddéscription and attached drawings, a brief description of
which is set out below. BRIEF DESCRIPTIONS OF THE DRAWINGS
[0027 ERITRISHA (O8%0 bRoaK 8RR B e MAReREE Y Gystapsoeiver and
accordimgatorsmeceivibgaimernits; ofitherprésedttinvé ntionc 062 8h&Fig. 2 is

a schematic diagram of an edge portion of a first unit coupled to a second
an I/O user interface for communication of data to a user and for sending

instructions from the user to the controller and transceiver.

[0025] Upon emission of appropriate instructions from the fourth device, when all three
of the first device, the second device, and the third device are preferably coupled together
in associafive operation and disposed on the skin, power is supplied to the engine for
generating motion for the flnid transfer system, and when the cannula is inserted into the
body of the patient, Hquid is transferred from the reservoir to the boedy, via the tube and

the cannula, under conirol of the controller and transceiver.

[0026] These and other embodiments, advantages and objects of the invention will
become even more clear in view of the following detailed description and attached

drawings, a brief description of which is set out below.

BRIEF DESCRIPTIONS OF THE DRAWINGS

[0027] Fig. 1 illustrates a block diagram of a fluid delivery system according to some

embodiments of the present invention.

[6028] Fig. 2 is a schematic diagram of an edge portion of a first unit coupled to a second

unit of a fluid dispensing device according to some embodiments of the present invention.

[0029] Fig. 3 illustrates a first portion of a fluid transfer system adcording fo some

embodiments of the present invention.



unit of a fluid dispensing device according to some embodiments of the
present invention. [0029) Fig. 3 illustrates a first portion of a fluid transfer
system according to some embodiments of the present invention. WO
200i#1Qp2405#P& DEL2006/001276 - 10 - [0030] Fig. 4 illustrates,aRartiak oo1276
cross-section view of portions of a gl_uid transfer system according to some
embodiments of the present invention. [0031] Fig. 5 illustrates a
transmission system for transferring rotational motion in a fluid transfer
system according to some embodiments of the present invention. [0032]
{6990 PHllUStIAleS.& {HARNSMISHRNsSYEIE M JOTdr aRSialy vIg, iationa-Mmotien in
a%cglfl'g tr%nsfer system eaﬁé:g{rglin égestourpv%n%mgodiments of the present
invention. T&ﬁ%ﬁ |g.n} iustratds a finear actuator for use with a fluid
[i@ns el Sy stam AcCofdiRgita some-enmbiodinents Ofthe.Riesenbiny e Iten.

00?{4 Fig. 8 iIIus&ratt%s a piezq-electric atc uator fO{.use with a fluid
ARSISr §ysiem, acCcording 1o, 80 %Gm odunents, o é 381’6?51’1 1}1 h&n 10T). . .
ransier system according to some embodiments of the preésent invention.

093P iHdlvstatesAHeusablese nsorfeta-fiidtansier.sysieny fuid
accprdin to some embodimegg%.ofetnq? CBﬂ%sent invention. [0036] Fig. 10

RSy 6%& fafngrffsssc’%%(@: ional view o aeé’éeﬁﬁan{é%%n&ﬁl "1l according to
[Wﬁi@éﬂb@ﬂiéﬁ%@&% ahthe, Rrese Bl I QMeRtan. fiuid transfer system according to

some embodiments of the present invention.

[6034] Fig. 8 illustvates a piezo-electric actuator for use with a fluid transfer svstem -

according to some embodiments of the present invention.

[0033) Fig. 9 illustrates a reusable sensor for a fluid transfer system according to some

embodiments of the present invention.

[0036] Fig. 10 illustrates a partial cross sectional view of a depletable unit II according to

some embodiments of the present invention.

[0037] Fig. 11 illustrates a partial cross-sectional view of a depletable unit II, having an
injection unit I partially engaged thersin according to some embodiments of the present

invention.

[0038] Fig. 12 illustrates another partial cross-sectional view of the depletable unit II and

injection unit III shown in Fig. 11.

[0639] Fig. 13 {llustrates a partial cross sectional view of a depletable unit II according to

some embodiments of the present invention.

[0040] Fig. 14 itlustrates a parfial cross-sectional view of the depletable unit II shown in
Fig. 13, having an injection unit III partially engaged therein according to some

embodiments of the present invention.

[0041] Fig. 15 illustrates a trocar of an injection unit I after retraction out of the

depletable unit I¥ of Fig. 13, according to some embodiments of the present invention.

[00<2] Fig. 16 illustrates a depletable unit Il having a vent tube, and an injection unit Il

accarding to some embodiments of the present invention.

[00<43] Fig. 17 illustrates a depletable unit If and an injection unit III according to some



[0037] Fig. 11 illustrates a partial cross-sectional view of a depletable unit

II, having an injection unit m partially engaged therein according to some
embodiments of the present invention. [0038] Fig. 12 illustrates another
partialesess:sectional view of the depletable unit Il and injectiopcuiit dbs/o01276
shown in Fig. 11. [0039] Fig. 13 illustrates a partial cross sectional view of

a depletable unit 1l according to somie embodiments of the present

invention. [0040] Fig. 14 illustrates a partial cross-sectional view of the
depletable unit Il shown in Fig. 13, having an injection unit Il partially

angages.thereinasserdingtessome embodiments of the present invention.
[0041] Fig. 15 illustrates a trocar of an injection unit Il after retraction out

[Bf Hhk e gRotHibisatndie Haoiarigess Sccicodinyiorsoimdainbbidimédts of the

426es8R1 Iventiens RO421FigHmd 6 dldstratesaepletable unit Il having a
vent tube, and an injection unit Il according to some embodiments of the

[pPdsERinvaRtsri{O 0Nt iHigrodstitetrd sy deplttalsidetaie iand an

dnisetiond ikl l.atearding t9 semes-ambediments of the present invention.
[0044] Fig. 18 illustrates a partial cross sectional plan view of a depletable

{061 Bap cordingrie seeck Apdineé nisof dblerpreseirnimeention. f0048]

e dbOdiustrates anartialaigss sectional plan view of a depletable unit I
according to some embodiments of the present invention. [00461 Fig. 20

[I4SHr Bie 2 & iblosthdiatratinania duidrdsliverpsysterivascordingitcsame
amkedinentsRitheRresentinvention.

{0048) Pig. 22 is a schematic diagram of the integration of delivery and receiving
contacts iuto structure of a pressure sensing device according to some embodiments of the
present invention.

[0049] Fig. 23 is a graph of a pulse frain derived by piezo-electric pressure sensor
according to some embodiments of the present invention.

[0050] Fig. 24 is a block diagram of an electronic circuit for a reusable unit according to
some embodiments of the present invention.

[0051] Fig. 25 is a schematic diagram of a reusable unit I and a depletable unit I1,

separated, according to some embodiments of the present invention.

[0052] Fig. 26 is a schematic diagram of the reusable unit I and the depletable unit I,

connected, according to some embodiments of the present invention.

[0053] Fig. 27 is a side view of an assembled reusable unit I and depletable unit Ii,
positioned next to the skin of a patient, according to some embodiments of the present
inverition.

[0054] Fig. 28 is a schematic diagram of a reusable unit I and depletable unit 11,
separated, with injection unit I depicted symbolically (coupled to unit I in the plane of
‘the figurs), according to some embodiments of the present invention.

[0055] Fig. 29 is a schematic diagram of the reusable unit I and the depletable unit I

shown In Fig. 28, connected.

[005&] Fig. 30 is a block schematic diagram of a remote conirol unit IV according to



[00471 Fig. 21 is a schematic diagram of a pressure sensor device
according to some embodiments of the present invention. [0048] Fig. 22 is
a ic.diagram of the integration of delivery and receiving contacts
in%gléte%ﬁzgﬁgézgﬁ a pressure sensing device according to some PCT/IL2006/601276
embodiments of the present inverition. [00491 Fig. 23 is a graph of a pulse
train derived by piezo-electric pressure sensor according to some
embodiments of the present invention. [0050] Fig. 24 is a block diagram of
an electranic circujt for a reusable unit according to some embodiments of
the preser?i:1 nvention. fﬁb ﬁ‘iflﬁgu.o% is a schematic diagram of a reusable
unit I and a depletable unit I, separated, according to some embodiments
of the present invention. [0052] Fig. 26 is a schematic diagram of the
reusable uniPFairdthB dedlerabBlalinibll TeohARGIed ate6rding to some
g{gﬁ%!ments of the present invention. [00531 Fng.) 27 is a side view of an
[EESariBld e OB G Zh B FABTIBIAE| &V GATE 1 Po St GRalama%eed the skin
sofranpatientydccoidingnt (osdms lembodifdaentsofi the: presantihientienidin
09415948 isaschematic diagram,of a reysable-unit | and depletable

nit Il,aseﬁarated, with injection unit 11l depicted Symbolically (coupled to

TR TS PIARE 8PHHE figlirByy AC80TEN G (6 SRS EitcHifents of the

[rssent inventiondRsREFIg. 29 is.asehematic diagram of the reysaple
nltA and the depletable unit 11 shown in Fig. 28, connected, [OQS%:%'
T3S SRS “H8hH YiiGatm of AererROTe BB tFo MR R B Ol .

ugipI¥ are each reusable, while the depletable unit Il and the injection unit ITI are both
preferably disposable and together may form a disposable portion or unit that is discarded

after one single use. Units I, Il and IH together form  a fluid dispensing device.

{0059} The following description of the operation of system 1000 is merely for example

only, and one of sldil in the arl will appreciate that other methods of operation are possible. Accordingly, a
user U selects a reusable unit | and a depletable unit 11, and programs the system 1000, preferably by use
of the remote confrol unit IV. The depletable unit I may then be filled with a desired

liquid and vpon purging of air be coupled to the reusable unit I. An injection unit ITL is
selected and preferably imtroduced into the depletable unit I Optionally, the injection
unit IIT may be integral with the depletable unit I, After purging of air, units 1, 1 and 11
are applied onto and preferably adhered to the skin S, while a needle pierces through the
skin 8, and into the body B. Uniis I and I may be flexible envelopes, possibly

transparsnt, with at least unit I being releasably adherable to the skin S.

[0060] The remote control unit IV may then be operated to program the flnid dispensing
device to command flow of the Liquid from the depletable unit II and mto and preferably
through the skin S (i.e., subcutaneously) into the body B. The user U is either an operator

applying the system 1000 on a body, or & patient helping himself.

[0061] As shown in Fig. 1, unit I may include one or more (and preferably zll), generally,
of the following components: a control, command and transceiver module 1071 (or
controller and transceiver 101), for control and communication in the management of

fluid injection, and for bi-dirsctional communication with the remote control unit TV, .



some embodiments of the present invention. DETAILED DESCRIPTION
OF THE EMBODIMENTS [0057] Fig. 1 is a block diagram of an
exemplary system 1000 for implementing a sustained controlled injection
(pr&ferdSNPat?a predetermined rate) of a liquid into the skin or PCTAL2006/001276
subcutaneously into the body of a patient. The term "body B" is regarded
as meaning: subcutaneously into the-body B, and may also refer to
intravenous injection. [0058] The system 1000 includes a reusable unit I,
a depletable unit II, an injection unit Ell and a remote contrOl unit IV (unit
N Wl Goretai ATy as Yerarate Grlts romtiname tmit) Arél caotier
reusable; whileuihedepietable unihaadhednjestion unit llrarerheth
peleraplidispasahle.Andiagelnesl max frmadi Oﬁﬂaﬁ’é% ortion, i unit
nlts?oﬁ%

that is discarded after one single together forma fluid

WEPErng Ve B o TR TGRS ke ApEish }@ﬁtﬁ}é‘? Syt atiowof
dysten 100G dsimhenely for exarppiensanc one iofskilfdn the artoail

APRISgiAle that aiher f@eﬁapgé %&%@%@&l&%% 08 e'rb';%m cordingly, a.

user U selects a reusable unit | and a dep letable unit [ programs the
Gstei fﬁobprﬁf%rﬁé’}ﬁbﬁfiycﬁ%@ftﬂ%“ré%féb@dﬁtﬂ URR e
tHepletabledimittdaiaytthefrbefiled Withha-desired-iguicbardpenpurging

LhaiRacoupled to the reusablaunit | An injection unit [l is selected and
preferably introduced into the depletable unit 1. Optionally, the injection

[0#EL B rmewnbier istegralnviththe:dep|etabl gounit | pfter mxtgj Hgs0fair,
a&»i@@%émlﬁ W acesapplind-aniq andkRrsfer aw‘“ﬁigf%% ieg ¢ %@e %k&E‘ S,

Whl| needle pierces through the skin S, and in Onits land

?ﬁai%%teﬁﬁlé&%ra’]@mR?ﬁ@&%%@&%}%ﬁ%r&é%?ﬁﬂwﬁw&ﬂ @%ﬁ%ﬁwﬁ ot
Ibeirpreteasably didhdrablestoithepgkid 8.(0060LT hesremote control unit
I\G/Gmn%then be operated to program the fluid dispensing device to

[ ImAR ARG 0t tHE N rEkh TRE de, BlErasTalimit or s aise 201
fpreferablytithreughitheiskinSdheir sthotaneatsly)intotheibadyk. dhe

ligserrdd dsgithenan Qm@t%ﬂmyl&g&%o‘ﬂétﬁ@ 1009 tQ}%%&O cc)?’pp dio the

ﬁpgtmnt hegglng himself, [0061] As_shown in Fig. 1, unit | may incltide one
SO AR Brete ebﬁ?%i‘.ﬂ)mde‘ﬁeé]ra% ﬁ?ﬁ@‘f%&%’rﬁ@%é%ﬁ&‘(@h’%&ﬁ
Tigwree bl indovairardyaric tharispeiveramiodllest 0 {droqantiod enand
ctanssRiven Od)niorcentrel aRchcommUAIcAtion.in: the, management of

f|g|? \r%ectlon and for bi-directional communication with the remote control
unitt 13 - Also included in unit I may be an engine 103 for imparting

[metion.de.aduid Jﬁ%rﬁfg{c%@m%ﬂy%%@eféwp %@ﬁﬁ%@f@%ﬁ% QL dransfer

me{l) ment 105 foris %r}:[ The fluid transfer system preferably cornprises

components Hefonging t8 BEth dnit - AraHritAT St iR/ R ARt I
lstiﬂaﬁﬁfér@ysﬁ@rﬁﬁmﬁgblmmpﬁset thal 80ging103 sthedlyidttarsfar element
ca;@guﬁﬁaamtm@@t&@@@d@mcmgo@'@tﬁ;% the, ;ﬁ%twal%'ﬁén%@ts

pref bI Iuded n|t|| For the engine 103 and the transfer
R G BT e AR T LI HEFE I Bt
ingreyidtableserhint d@m At powwéritherefiom; antddcdusethestransfeThe

h@l&m@%@@@@@g@ﬁe@ga &q%@&;éggc\ggththe tube 205 and backing plate
207 contained in unit 1.
[0065] There may be various types of each one of the three units L I, and I, where

sach one type of the same unit (ie. I, II, or IIT), being intsrchangeable and replaceable
with the other type. The different types of units I, II, and IIl may all be conficured 1o be

releasable coupled for operation.



[0062] The transfer element may have a first, main portion disposed in the
first unit I, and a secondary portion disposed in the second unit Il. When
the first unit | and the second unit Il are coupled in operative association,
tranefet of fididl out of the second unit Il may occur, on conditior? (FAL2006/001276
power is supplied to the engine 10 [0063] The depletable unit Il
preferably includes, in general, one or more batteries 201 for powering the
reusable unit I, a reservoir 203, which either conies pre-filled with the
liquid for dispensing or is filled with the liquid prior to use, and a tube 205
BHopl i e re SERFEtIBIE S IVERP 6 fEHE ha‘@ycm@hs@ww@@lerﬁ%d|uqu.d
mdauﬂamm@wwm inthetiguiesiis jesiabie.anlysaftesihalinjeetionyaait ||
led to proy, f|UId com unlca lon the I bJ It H
P]e mﬁ%%%gﬁlt ;19 i5 insertec mg ki ﬁr‘? ClSa\%llr od ‘%‘%o%%i%ﬁ e%}re%]i%n
URiEiftifraleeY %ﬁﬁ%ﬂ@hb@@l@%@ﬁ%ﬁ%%%@%@ §§§%b%&1féfse
htheielementspieteratly.a ipcar Sa31:Ho) rtIﬁenijﬁﬁﬂﬂﬂiomlﬁﬂsdhdma
inj n.uni [l Is jnsert h le unit 1]
e i ashom itk e e 58 ThEee 4 ™
ﬁﬁ@eﬁb@ﬂf@@@ﬁ?fﬁ@%@l?%@ﬁﬁdﬁﬁﬁﬁ%e body B through the skin S.
e A0 fiee, P% Ay e telfieved and idJs niscied, a5dpsed aad
ISp ens at apre etéfmined rate by luid transfer system. The liquid
4?%19%@6%&%%@1@%?&1&5%%ﬁé?éfﬁd%&@@nwm}l&%@ﬁ%%% on
tHaHOUS ;iyma&ﬁxf fathaneckihe:three-amitsily Hoancithawherewpaschs one
\%’% 9 q]ﬁ% yﬂé}t@cﬁo lthysl&[l % deSde&%rC%gg %gﬁe@qﬂmﬂnmon

replacea the other typ e dlfferen%g: pes of units I, 1I, and al
%@ﬁﬁlﬂé@%f@%ﬂi%%@%@f@éﬂ%Feaeéé}pﬂ TR\ FRYERBEoEF Lereer
RO0THOD22F TRGIT b 2006(004 A7 6ird X 4r-=nj@GH [oF opex@mplesicliverse

ﬁé@&&fﬂé [eYsable LS may inglude, acantoler and Hanseeiver module
101 with a chosen level of sophistication and optionally, an 1/0 pad and/or
“Yhnection, a safety sensor, and may include further options. Likewise,

iffgrentdines.of.genistabls Hoits Hamay have asesenei, 203 of different

size, batteries of diverse capacity, and contain an alternative liquid.

e AR AR e CEB i E}F?ﬁ‘ﬁlﬁ Tﬂé%}"ﬁ‘a&@%\r%aéﬁﬁ SfiEt & e?n‘?ﬁ}?ﬂ?rml SifyeP: be
wuitablefer indediiormatenfangiesorfje (Fendicuténty td the skid obrbelbf a
Aifferentknd. 28¢arding 19, needs-[00& AlRegardless ot their e hgm,

various components of the reusable units | and of the depletable units 11
PR e TR GiEpBEed AS K ey YR atﬁeaﬁﬁﬁa&%ﬁal‘s{fﬁ%]??ed on
rthe saindplade; amdhreferably: soiafe bheiiscorre $ poRdinglconnedtisas!y
and-couplings.oWhen assembled and adhered to the skin S, side-by-side

along their thickness dimension (i.e., in end-to-end disposition), the two

[00S | Ard:tk{iecferably Etuen dmgheamnofilargeythafaboutblalfithdisie of

: néap'%Q&e%f%%&e?{ﬂe%a!{%gﬁﬁh%%%%'%ﬁl region.measyring abeut
65mm bg about 25 mm. Unit Il p refera%k%qdoes not add to the covered

Tared” %]%8%%%%&?&818%%% B0 EpiBHISE b fPare°t
ipreferably heimetically sealed and each may form a flexible envelope that
remains sealed even while in use. In one partlcular embodiment, one face
BV rraRererirE BREIOHE BT Tt SR TRaBE eBTRGRTad Tor
vapplictiont il niutral-gssemblyitg therskinSdaseat skinconformingpatch,
8k £ S g 2
B e
218 ré;as ma;) fLnser A 8H‘lel'he {Ss%vog o §Ject10n to the body of the patient.

The ﬁrst {(main) portion of the peristaliic positive displacement Dump 25 well as the

engine 103 to drive that pump, may be included in unit I However, the tube 205, the



[0069] The needle 301 may differ in length according to type. For
example, needle 301 may be sized to penetrate subcutaneously for only 3
mm, or as deep as 30 min. After removal of the trocar 303, the height of
thesakir@taghed units preferably does not increase. [0070] Thecr iy 2006001276
mechanism for fluid transfer exemplifies the associative operation of the
units 1, 11, and 1I. In principle, accétding to one embodiment of the
invention, the fluid transfer system is a peristaltic positive displacement
pump - where the fluid transfer tube 205 is squeezed to transfer fluid from
biRRFESSHRIL IRLIRIGGHOR 498,090y PEiRG Patienk. Th& ficstimainnartion
.of the perlstaltlctp05|tlve dls%acementcpump, as well as ,thegn%lne 103 to
RS RIS IR RSy B Tn CRGBY TP ERET i Rt R fiss S5 Twte
PVGEh RGOR/ 0522 7/ RS Tt LROJ6EDI 278 cubked ackind @0Peth@diquid in the
reservoir 203, and batteries 201 for driving unit I, may be included in the
(e dlefEiBIé it TPomrED e SHBLNTatE" SeRsRCREL o tHec Gl
tpossidlosiytwhancatdedsy théduritsiramddhare cdinglediogethbrdorents
oPBE"ANOR; A0 Frido Adss A BEEmalic M Yadion, shawing apedasy

1ﬁjorti,on of unjt | when attached to unit Il, illustrating. an exemplary fluid

TS EPEYRLBIRL RN (5 EBTRE BRIBEHMERE B RETHIANEER 2K single
vigotheeeonHsaplddgwilealtit@si of thewsd0s1 2Withl tedthdBBIs is
GRpraRiaialydisposed o sompiessihesestervLwal aithgfisxdbledube
&%é)S, which is{: seen be %gp@d to ﬁgd e>§ti out of the reser}ioir 203. -Ehe

6%“%?5%‘?%%8#%&%%&% ethadH the e8I T3 S riPyeat 1051 Ane
biydokay 2207 Ridpebdtkadaders 2idsimgahtinlyonhelgehrigspainst 2
siptioRatyyihe backing may comprise a flat or curved back plate 207.

Preferably, the backing 207 is loaded by a spring 2070 biased against a
[HXEdic HhisetlrOm4 IO TR 2p ks lect e Hgih e 10 daviest atersathe e 2 108 ntum
of:igﬁkwm, %ﬁp%@i@ %eiéﬁiieighw% a@j%@éﬂs%-m @MJ&% &Qggvartlram @Qm‘éﬁ%&ﬁ@ﬂ two

ent te  the gear , IS transferred alang the tube.
S S R R e
IReEEYBI203 dsdaiisciduedsives B oW hstieasfrofi et AP feadiarthent
Q8 wdeadingshadigie e 1208 apd aygniually-ta-thr Reedls kkiait
b ejz%'lé Tt%e flexilei rt%’f Zg%ee%% between the reservoir 203 and the well
816 %TEW%en anit 11 no coupled to unit 11 (during non-use), no

[oressHiRIferces.are.aRpliediothedtue20asd erhysterdeinghe.
ines 103 may

a%'ﬂ%ﬁ'@ Qh@fzb%b%é?el‘g?%}é&% L%QZ;?E\%%%%P&%%%{%%%&F& oss of

1
1.
€ used, some examples being descri ereinbelow. Rey

(R, the-anging 403 may ibe APerted Coninuousisl-al-arpiepiately

selected time intervals, according t e rate of fluid to be dispensed.
T A Sy i i B P OB BRRETRE e
AgpE TGS Sthutid e OTorsrd tewneing saths us ikt jogratiaptesd-and

erably permanently preyents.a.direct flow, in either.or both directions,
A R o S S D At B G AR e Sty
baskips2 08 cosh i ) Suskrfiuiththa asfonsys mh sredoebidivgtesoine
petaadinentsiof the.rresehin vantions alow contralafthe directionatflow

.of the fluid without requiring.valves; as long as at.least one tooth 1053
S o SN BLRE e 8 LR AORRL TG A B, no
aFaRdE: &y erae et neds of therforegjoinerpositilevdispladefian dpenim
At ASROGIMEA NI BAGKPECSRIECas B tHUSIeast one toath 1053 completely

compresses the tube 205 and blocks the passage of liquid, no valves are required. Use of

the foregoing positive displacement pump is not agsociated with backpressure , and thus,



- 16 - bacicpressure drop will not occur. [0076] In some embodiments of
the present invention, the dispenser delivers the infused fluid in discrete,
equal-sized volumes of between about 0.2 - 1 of 10"4 cc per roller or tooth
10530 nyg\"w’f‘é%gmay therefore be provided in minute quanta an8(CaR-BW6/061276
precisely controlled simply by regulating the speed of rotation of the wheel
1051. In other words, flow rate can be measured simply by counting
rollers, or teeth, as they rotate past the tube 205. In the various driving
wheel configurations, at least one roller, or tooth 1053, preferably always
RaEpPs e T e 205 \iHith substantially eliminates (and preferably
el hydraulic "short circuijt” (i.e., direct. communication between
e el A e e
o dir Bt st sramg et b e rrmeatr 1053 roeited peramolst tme.
tAgsuningthat:thengeand bt rotatesita depress dhe.tukbe 205mata:fate,of n
.mi . hat.a basic volume vt mma3, o ntum,of flui
R B L Dbl P R,
TH7E BT FAte G AGHROY RejiEmras BRCEalc RSB f TBWS PR erafes =
205 VB[ then@Hminate](k)Here Sat ranges, fiorQ ée-amaxisnois ansk V] is
reladine acsordnadadne selected sonfigurausn.al e cognhiee) 1981
High accuracy of the quantity of transferred liquid may thus be ac |g\(ed
eE‘%ﬁB?&&éMﬁﬁﬂﬂl%éﬁe&ﬁF&‘fr r (Ghd-iFe SeBTER s o G AT P arety oir
agbtrolthdiparameter n for a given vt. [0078] The reservoir 203 is
{Preferably configured either as a flexible container, or as a resilient
(S iThps TR P Exp S AB I IoRaA Ae P Bt thase e Siishe Mamp veeéHtn
lgéviceidive resef vioir: 203-maysiteiuticsaaselfsseating filling:pamm2032 205
«Remmitingser o dillihe [eseIvol wsing 2. syrnge, (nat shs el nihe
, otlrrawna%s . To that end, the user U selects a desired liquid, and ills the
S SRR UTRER. T HESHE SIS Syt hesreudbd- thpidie 8 hecdéits¥aling
fifiting o 208 baofihdaederioic203, and the selected liquid is injected into
the container 203, or bladder 203, which expands during filling up to a
maximal volume. - 17 - [0079] When the reservoir 203 is filled to capacity,
liquid mll continue to flows tg alsg fill the l'(%)e 205, and finally, exits out of
the well 206. By virtue of this provision, the user U may manually purge air
out of the unit 11 prior to using the device. After filling the reservoir 203,
the syringe is evacuated from the filling port 2031, which self-seals the
Here “n” ranges from 0 to 2 maximum, and v, is defined sccording to the selectad
configuration of the cogwheel 1051. High acouracy of the quantity of transferred fiquid
may thus be achieved by programming the controller and fransceiver 101, to

appropriately control the parameter n for a given v,.

[0078] The reservoir 203 is preferably configured either as a flexible container, or as

a resilient collapsible and expandable bladder (or other collapsible fluid retention
dsvice). The reservoir 203 may mclude a self-sealing filling port 2031, permitting a user
U to fill the reservoir using a syringe (not shown in the drawings). To that end, the user
U selects a desired liquid, and fills the syringe. Then, the needle of the syringe is used to
pierce the self-sealing filling port 2031 of the reservoir 203, and the selscted Hguid is
injected into the container 203, or bladder 203, which expands during filling up to a

maximal volume.



reservoir. [0080] The reservoir 203 is preferably manufactured integrally
with the tube 205, or heinietically attached thereto by virtue of a
conventional connector (not shown in the figures). Optionally, the reservoir
20?91%\%9'{5%5&7&@% readily pre-filled from factory. [0081] The BXpdh¥ieFico1276
of the bladder-type reservoir 203.may be limited, say by a cage or by an
enclosure not shown in the fimires, or left free to expand until arrested by
a component of unit Il or a housing thereof In some embodiments, when
left free, the bladder-type reservoir 203 may expand in all directions and
%%Wét%%ni%rﬁ??ﬁ%bﬁ% réikices B fIAG HaberemmsiriRg Bpesiso
Hetweenr Loinpanenty takingumaximual advaptageefdmised SpRse e
082k Gl e peRRRNaN NG Bt JdicR G e, ABUING eR0eR,OF Ui
t}Iiang unit Et0 clearly MMustrating that fluid transfer \/\7I. not occur when Units |
ANa°T O Are Sdparkied” becatas e wHee Hos 2Rl Re distentdrawayr
fpervrthe tube 205, and the engine 103 will be deprived of power received
%%n the batteries 201. [0083]j Each unit may .iomprise a specific type for a
[petifid aspiieaRoMAre AtEHtY PR A BIEE @ierrtypsiigy bie 205, or
heimthguished fedrhanotheriby; 65 examplexdfiuig-contents,sakeservair 203
rgliebpsshistas, andiol-battores:al e RaweL, 0084 fig, & llupliates

another embodiment of the wheel 1051, with freewheeling rollers 1

[Bpp drbechat theextrémitie ot gk tirecteeth2 00 53y tee proitide stor Jow dadk or by an
friction [0QBRIFig «f depicts Anarial cross:segtion of afurther
ee,mbodiﬂmer_lt, Whe;del thg%1§2%%£§7 lgé%%pﬁgr%%gﬁréte ygj Ad o aotz;lebt’lfyOf

YR GERACHB ISR 1B TRE BVEH it P FEr B S Db THE DR 080 FRgay
arededthdirofitive rollers:105 7ysoiabthirdiatnsftofthiaiyhe205 is
haiaboptcomlelelidispasedasiuean hewa. plales 4009 fhe plates

1059 maybe neared for engagement with other geared driving means. |
[lg&siredipilyloneplate 1 DS Withiirate ngd ObTis sufficient@ther wnit 1,

ciempedimants of SHRPALLRIALS;Ate :possTRle. 0086l Figy, S llustrates an
exam{PIe qf a tyag@mjﬁ%lon_ of ot%tlonal gnotlon from the .

because the wheel wiil be distanced away from the tube 205, and the engine 103

will be deprived of power received from the batteries 201.

[0083] Each unit may comprise a specific type for a specific application/treatment, To
that end, each type may be distinguished from another by, for example, fluid contents, &

resexvolr 203 of chosen size, and/or batteries of given powsr.

{6084} Fig. 3 ilusirates another embodiment of the wheel 1051, with Ireewheeling
rollers 1057 supported at the extremities of all the teeth 1053, to provide for low rolling
friction.

[0085] Fig. 4 depicts a partial cross-section of a further embodiment, where the rollers
1057 are supported freely and rotatably between two plates 1059, The outer
circumference of the plates 1059 may sxceed that of the rollers 105 7, 8¢ that the diameter
of the tube 205 is partially or completely disposed between the two plates 1059, The
plates 1059 may be geared for engagement with other geared driving means. If desired,
only ons plate 1059 with rollers 1057 is sufficient. Other embodiments of support plate

are possible,

[0086] Fig. 5 illustrates an example of a fransmission of rotational motion from the



WO 2007/052277PCT/IL2006/001276 - 18 - motor 103,via reduction
gears, to a gear 1051 or to a geared plate 1059. The engine 103, here
motor 103, drives a first spur gear 1061 that engages a second spur gear

1063 o AHaspeter larger than that of gear 1061. A third spur geg-3Q6%06/001276
concentrically fixed to and of diameter smaller than that of the second

spur gear 1063, engages a fourthr $pur gear 1067, of diameter larger than
that of the third spur gear 1065, to which a W01111 gear 1069 is affixed
concentrically. At the end of the reduction train, the worm gear 1069

I ?ﬁd?%%%ﬁé‘n%@ge&%?%@QELQ-1Qsiﬁoﬁ@&g‘g%ﬁz%é%@{%'?o%.aﬁ%%&v%iC'L‘_t03,

reduction’ mechanism. The motor 103 drives’a won't gear 1071
BrgaY A%Spli e al 1o T hedmg & Con eRmpreARF TRt mEFEhAIR !
diametchgptihgeanldEbaatiiedithiere tpudhat 1AS6 spubgedrall) Fisabiates

SQ%igs@{eégéalL&&ﬁQ@tﬂA%?&9&%0@%%; rapspaission sonfigia g%]s%gg@

gossiblet by friction, (I;ears, and flexible shafts, for éxample. [00

7
e B 4 S Ot OB e SEh R 8-S IAoic W AT BB alEy
plufiged 16B83nsirikingra tecthl 1053 toldrive thésywheebd®Fdar 1069 rotates the
g&gqg%rglockwise. [0089] Fig. 8 shows a piezoelectric actuator
091tangentially engaging a tooth 1053 on the periphery of a wheel 1051
0 prateid 659 dertlpraviding oo pter cldekwiiseisotaticnnbnp (iseroftipoivér

&%&%%@&@%9@%9%&%@% é@% Séfag@&yﬂa%fg tangentiaksitike to a

tooth 1053, and to rotate the whet [00901 Other transmission and
RHHAGTP AT HATR R PH #5RISE be Bosdisre Swhiehi =t Siastars,
falling; Hiid fridionagedrss. faibk: andsteettvmeechanisimms, andobetis, whether

g{gg@l,cgeggspg[@Q@@i@&i@@@&]&gﬁlwort proper rotation of the wheel
1051 pertaining to the transfer element 105 cud to the controller and

asgicRiy et i&tna simpleateusal i sensorsnaylbeidptighallycimoumieg on
%@Hgkrw@?aliﬁkgg 1SRN sehematically-airais e sRASRNL which may

e used in embodiments of the present invention and which is disposed
oppsite. & thotls 10k3dhdhe fpdmmterom%mtnﬁhnﬁsﬂga@ngmoﬂo;%tbads
A3 SOPRSSI RetRen e sensendd.and.ihaaentolirnandiapscaivsr 101

The reusable sensor 21 is selected as an appropriate component of a type
RHIRSAT BV at STHER SR DA pHE AR R ItV G BE C T EER e df
topiicl§éhsor toraatotinbiriatiori fhereof. In one embodiment, the reusable
sensor 21 is disposed opposite a tooth 1053, as shown in Fig. 9. To this

ROk KN Eb RS TR R g RS ST TS DRI HSTaIIS P2 &/ hich may

utilize planetary, rolting, and friction gears, rack and teeth mechanisms, and belts,

whether alone or in combination.

[0091] To report proper rotation of the wheel 1051 pertaining to the transfer element 105 and -
to the confrofler and tramsceiver 101, a simple reusable sensor may be optionally mounted

onunit L

[0092] Fig. 7 shows schematically a reusable sensor 21 which may be used in
embodiments of the present invention and which is disposed opposite a tooth 1033, in the
. plane of fhe whesl 1051, One or more leads 23 connect between the sensor 21 and the
controller and transceiver 101, The reusable sensor 21 is selected as an appropriate
component of a type known in the art, such as capacitive, inductive, magnetic, mechanic,
or optic sensor, or a combination thereof. In one embodiment, the reusable sensor 21 is

disposed opposite a tooth 1053, as shown in Fig. 9. To this end, the controller and



- 19 - transceiver 101 may compare the commanded rotation rate of the

wheel 1051 with the output of the reusable sensor 21, and emit correction
signals to the transfer element 105 (if necessary). [0093] In Fig. 1, an

arrgwy eqiplrgrfrom the transfer element 105 to the controller agdh 11 »006/001276
transceiver 101 indicates feedback, for use in some embodiments,

allowing the controller to respond &ccordingly when necessary. The

reliability of the system 1000 is thereby enhanced. [0094] In some
embodiments, irrespective of the kind of engine 103 or fluid transfer

Element. 109 Héﬁr‘Qo}gpgié‘fﬂé%%@ﬁ%&ﬁ&%%@mat‘évéﬁﬂe%[aéi {9 e0uplad.to
unit |, the batteries 201 in unit 12 are electn@% connected to dellverﬁ/g

RS S RHER Thal B IpbFSPRREl et el B estpriewRH |
(kEraisdsrgytontacts 107 disposed in unit I. In turn, the receiving contacts
107 may be connected to the controller and transceiver 101, and to the
(B 108, E S B RE I AT SlERh Pt 205 AEPIE& g
tohepletion] ermdicksed isedirdedianderaplace driviiileamil dlimaipbéaeusalile.
008l -4 RRsiakCiss sealiom Al porlien.atdha denlaiahlg,unit |
according to some embodiments, showing the envelope 2001, the

B Eream extremity 2051 of the flexible tube 205, which is coupled in

[ﬂé’é@i} GRTHRY @}ﬁ@&%é&éh&%@& 298¢ éﬁéhﬁﬁdtﬂﬁe){‘é%ﬂezl@@ dp ﬁkﬂ'ﬁ%’éﬁ%ﬁhe

liquid it may be sup r%x‘;‘ for injection via the injection unit ITT. The well
HORF RO F5 e rtd ek fés%fffﬂwa%ﬁ&fahé it OBt bt tube
birtleti 20801 to whibhthd-disifistreamieiiraiality205iiatdRelitbdi2DBisg be

AR H%lﬂ%&@ﬁ%&ﬁﬁ%ﬂﬁﬁ%@&%ﬂg%Wﬁ&ﬁb?é&lﬁx@&m{ﬁ%@@%

6] In Fig. 10, the entry aperture 2063 and the exit aperture 2065 are

%F&F&BT&‘V&%&%%Wé%%r?ﬁéﬁ%%ﬁgé%%ﬁ By e SRR A ety

apliug BO67card. 8h wkitlplay206e. videmhoifrldowkml thérdsendirgdneans,

Jnahe Rrevidediinsteadalhe.entpnlug:2 P8 anddhaxit plug 2069.

[0097] The well 206 may extend from the entry aperture 2063 to the exit

. [e)9éittire 2085, reingesubstaitiallia dirstte didbrdsplthbiwinotél heigtiimf anit

s&n@@%ﬂ%@ﬁg{&o %\%@v@ﬁé %&%?ﬁﬁé %@dh %%J@@ﬁ@fcamtﬁe%@%@p@ @%65
e flush wi roximal_surface of unit Il to s in

e L AT TR LR OB S

weadhidht i tHedisthltafavd ipeintinguaiay fromtieoskin tﬁléhrsedispogm&ﬁ of

Thewel208manbe considered.apaveriical Hanasiien widQ nld994]

}c{j}?lth |I‘9E CLII’] tlgle reservoir 203 &%Pe}ore u rﬁ}ghea%sﬁem 1 Ogl g{tle

Enl@ DI e coﬁrﬁlgﬁﬁf & TR &N, as shown in
ataee@6dt Pid v Rbeemibgpbneiidved, whereby the exit opening 2065 is

an p |nut Jassa Next, com d say,
i@pj & oﬁhe Ttelr%(e) unlfg @gtﬂee?lxé gefﬁuer §§§%T§eg r%%@lcg pump
r@iwﬂ@éf I@qémbowwﬁﬂmeqeé@@mnsmgvahdanmlm@w@Hoé@@nﬂarth@WéMe

ztmbe g%e%t@ naing.Peiwesnitherasenval anstihasvalbichherehyeliguid:is
? f%throu ht g](%ﬁxn opening 2065, so that when unit Il is held
a

pproprla € y e exit aperture 2065 turned upwards (for example),

(9 wllmew@wg%%yteg{eﬁa%ﬁ it e&{fagmly@@ rtml%/eQﬁ Dl 065,

manu coupllng asd rein bo 9].In turn, the

behk 3 }Wgﬁ?%%“iﬂe% S i (ife 2063 and

Pﬂ@e&ﬁ\&pémﬂmtmmayeMEWQﬁ% Mm@ré!e mmwubnmmel
sHRCIION LA bl eIt the el 2065, @@%9%&?@0&%@@% 3peexample of
an in ectl n untIIJ art all% ngg f(’li the epletable nit 1. @és%
A R e R S b A AR
déﬂﬁ%mmwf)ﬁlﬁwaﬂc%&ﬁm tslerosidesddsy a\@anmrasa@ﬁﬁqnm seen that the
cannula, has already pierced through the skin S.



[001 01] For piercing the injection unit Ill is preferably translated toward

and into the unit II, until it is fully engaged and seated therein, and then

th%vt i 03 is retrieved out and away from the injection unit I, and

discar Ogi 02] At the top of unit Ill, a handle 3033 may be RGEEhFO06/001276

attached to the trocar 303. The handle 3033 itself, as a separate part, is

not essential in embodiments of the present invention since the grip

extremity 3035 of the trocar 303 may be formed as a handle, for example,

g@nr{gok or as.a ring. In configurations deScribed hereinbelow, the trocar
HAVE PBideeTEEE St ass tripdic Biele BB toialptble

wirgingputpbsebforsekanple)Tie0 kO3 StilkirFkig alh&iaelclamﬁltﬁga@ws .

RRenRLINGBIC, eantacting exyemily. 3051 AN 5 preferably f F"g@]nd
attached to a plug 3053 at the opposite extremity. TheI 053 ay be

Bhigre e Pr?%é%%%%? ’"ﬁWOéFﬁ‘?fﬁTéi SHE- a§9 irealtié via
dhecentricopenimg 206G ofiamitlt Ktleastoné padiahbone 30571may be the

fRrovided 1@%%&99 L3080 peonit flu 'ﬁi&@;@ﬁ“ﬁ'ﬂé@éﬁj ﬂ({ﬁ%ms N asea
mtbg}]]é of the well 206 into the lumen of the cannula

THPPETR G060t oA F1t Hop ek EEropsaepictd e exit
apeifint Y S05 wider irsértéd intothe biodylB-andfullysesdtee iniunit”, with

Ahadigeay heing plieadydetticved. The cannula,308 mayhe: anchared.by
the plug 3053 in the interior of a trap 2071 formed in unit 1. The plug 3053

[ beteaptivebetwved therextension 20 73 fiat thehrite 3055 pand-4hesstep

2200 < The-Piie: 3053 meals lgwid flowing:into dhe well, 206, via the tuhe, 1y
%D % to Iﬁeﬁ’% it from spilling out of the entry opening 2063. 06105

|keW|se according to some embodiments, the spilling of f|UId out of the

[xéppeRing 2067 is preventedDy, ihe cNyelene 2001 acling a4, seal, or
dﬁﬁ}{@@ﬁﬂedmaﬁgd exit seal 2 76 or by both, In the same manner, although

ot Shown in the fRiUrestitTe B%Oé@fbﬁ@% %é%@%@@é%l@%ﬁ%ﬁﬁ@
PO iRE SEFHY eﬁﬁw mp“erﬁﬁ@ 20680106 nAcaralingly, diguitdacantained

cansidethe. wal206-is prevented fen escaping via the entry opening 2063
and/or the exit opening 2065, but may flow into the cannula 305 via the

[Ofadidl Berei30B2 dndriytiof thie Bannu@vidydischiargetopeting 305

whceorgingly, diayidh wanster ed-aut-of the.resenoi.203 is-provided for .
jeCtIOE! mtq the. skin S or the body B of the patient. [00107] Fig. 13 is

in
T her TS SAMTEH b WL GBS well 206 with an entry aperture

(03063 andf@mggw@gefmeﬂgﬁﬁ@mslmk%&uwa@mg@ £063.)5.disposed
Tilkedl]‘a n%hg $Ia§gqace o%)osrte an entry port 2003 provided in the
envelope 2 SR o 2007 [ BIEERET 557 B & Sé Areangsyt

IR RSP ﬁ@ sithersimitty & bottiorrotthEa mvel opd:208d zor bedis, for

exisgnelastic seal embedded:inibe.snvelone asaniosert, The.eniy, seal

2085 ma bde manufactured b doub]e- |n jection or by a similar production
mag rﬁwe & SOIId cT0Ss-seciion as a da ger, or be haollow for air purging purposes (for

exampia)

[00163] Still in Fig 11, the cannu}a 305 is open a‘% the skin-contacting extremity 3051

and is preferably firmly attached to 2 plug 3053 at the opposite extremity. The plug 3053
may be configured with a rim 3055 to permit only a single one-way insertion via the entry
opening 2063 of unit II, At least one radial bore 3057 may be provided inte the cannula
305 to permit fluid communication from the interior of the well 206 into the lumen of the

cannula.



[0010S] The well exit aperture 2065 is preferably disposed adjacent the
proximal surface, opposite the entry port 2003 provided in the envelope

2001. It is through the exit aperture 2065 that air may be purged. [001 09]

Figh P21 ({&43tés another embodiment of an injection unit 111 thRCHAE19eepp1276
inserted into the well 206 shown ip Fig. 13. [001 10] The injection unit Il

may include a ram 3038 disposed intermediate the handle 3033 and the
cannula 305, which is fitted with the trocar 303. One side of the ram 3038

may be fixedly attached to the handle 3033, and the opposite side of the
[PAMA g fixedly thittartied: 6 thétroessr 803D trig dnSemibivlbf thiged

inaasle 801 ilg 1o oin 5 00008y Bus- 2 upusDG e hand,
033, the,ram 3038 drives the cannula 305 until the han 033 is

T R BT SEachit 1 h A S b QBTN LAY Bopicted

hyBigbaActhdeariminBeY s victaired i placklystriclor aftie Wel3D6

sandiatanib ORIl 4]: kig: 16 shows:the fracandosiafien retraction euhof
eglhe gee%lgt I& unit I, and ready to be discarded. The cannula 305 is
retaified in tire ‘body B enablingliquid to flow out of the tube 205, into the
{W@U:’lzqumﬁ@efr&%mgé&@ %&Qetgﬁ%aﬁﬁ&ﬂﬁﬁﬁ%&%@ﬁg 3063, viantha:t
=multi.discharge opening 3059, and into the body. [00112] The entry.
B S G AR e Sl A D) b o mEpAdtete- ot to
sedAYE: oW B iquiitenisRiaaieoaHhtRalzos shrthtiugpievent iawanted
18sespe antiossaliguic: o gk the welk 206, 1803 13}-fig.2b63shows a well
206 featuring a vent tube 2091 with a vent tube inlet 2093, and a vent tube
[BUdet Zo95pedvidingfer st ommn thsizstich fromrtharivt éiver GFapeavéll
1120849 6ﬁ@ﬁ§tﬂ£©raﬁlf1m%@¥éﬂ|@ﬁﬁh ji@ﬂﬂsl sThe Mﬁ@tfiﬁkbﬁl%qgécmﬂizb;ﬁﬁ
inserted into t ell 20 the envelope 2001: the w ngd envelope
R R L S OERRe
hﬁﬁ@&@ﬁ#ﬁﬁﬁé 2091 oo LrAleap riaydse fntinigetrrortobeniy te bent
bdb@ eeitet,209h, but it is not shown in the figures, since it is removed prior
to use. If desired, an entry seal 2085 may be appropriately disposed in the

[ {0 p& 2001 amshaesaitiba WePEEBbVEC|iF riaybe purdd befsre or
e COspling Of dnefeusabliodnitk with thedeplatallesanitdkposed
adjacent the distal surface opposite an entry port 2003 provided in the envelope 2001, The
entry port 2003 is blocked by an endry seal 2083, which may be either stimply 2 portion of
the envelope 2001, or be a viscoelastic seal embedded in the envelope as an insert, The

entry seal 2085 may be mamufactured by double-injection or by a similar production

techmique.

J00108] The well exit aperture 2065 is preferably disposed adjacent the proximal
surface, opposite the entry port 2003 provided in the envelope 2001, It is through the exit
aperture 2065 that air may be purged. -

[B0109] Fig, 14 illustrates ancther embodiment of an injection unit III that has besn

inserted into the well 206 shown in Fig. 13,

[00110] The injection unit 111 may include a ram 3038 disposed intermediate the handie 3033
and the cannula 305, which is fitted with the trocar 302, One side of the ram 3038 may
be fixedly attached to the handle 3033, and the opposite side of the ram, may be fixedly

attached to the trocar 303. During insertion of the needie 301 into the skin S or body B,



[00115] In Fig. 16, an embodiment of foe injection unit 11l is the same as
that of Figs. 14 and 15. Upon insertion of the injection unit 111 into unit I,
the}&gré)o%%%@ and the cannula 305 pierce both the envelope 2001 and the
well ,

ARG also pierce the entry seal 2085, if it is mounted. Durig2006/001276

insertion, the bottom portion 303726f the handle 3033 pushes the vent
tube 2091 into the well 206 and seals the vent tube outlet 2095, The
cannula 305 is retained in position due to friction, as described

ereinabave with ref to Fi 4. and 15. [0Q116] Fig. 17 sh
i RS T e S B T e
hARETE B3P BFHe Toear 303 rheeanf nfaidriver8da9 depaffitdd Kin thée
thardien8033 andada-the tieear303insiead et the sam; 3038 shown in Figs.
14, 15, and 16. [00117] The cannuia driver 3039 operates in association
At H carniila30s havine Almaler serevithradd 3058 tisposedion. thé

exdenosattionadiacentthe carmua:inetn W body B enabling  Hquid to
ening 3063. Th nnula .

07 77 /112006/0 -23- 0 c
B e e e e e e A S
O a portie Aartieieaimu aranijpe diiftctsadenio thedifow longitudinal insertion
| hewell 206, and rotation of the cannula, The trocar 303 is preferably
e e O B R B D e B o
tesac 8088 dithardn seif-tappingimode aod thuspgaget amatching: fipmalée
leerefithiead appsepriaiely provided, in the exit opening 2065. [001 18]
Once the cannula 305 is firmly threaded and retained into the well 206,
[RAE b CBE N30 33 1MAT Toetyinlied ot teft RBY it h, avhic hiprayl dRG 2,
af@tEieve e famﬁmgyf'&@%%“ 'ﬂh%ia sannulaciniet 30634s iﬁééWo@ pemdo |
ronit fransfer of liquid from t 6 1o the skin.S or body B. [Q01 19
e e e S or i
Barsenbicihiareion: Hid e skihasd rroweverdr desidd cbtispslastic
neenfig uratioisimnay: be: passibienwhichpesmitutrsartion of the cannula 305
at other desired angles. 1001 20] Fig. 18 depicts still further embodiment
IYFe dispemsebaimiclsd Previdetilith anidtary ol B0 aliswingirstation
siaftheninjeationunicliin bath-closkwisa.and antiglacicnise dikaciion fof
béf:”a%%ﬁ% Ha%i}'a%ﬁ%%‘é‘d‘%'%e?’Qn%e"i‘éﬁé%@f?%% fom.00 S%O N360, with, 1 fanging

ed herema d\fc, air marx{
rom O to Do. In practice, insertion may be made at an anglé ranging

PHERREEHTHE Vértiaring HotzsntiairectsntbinecelsminaréRtive to the
in:S. 1 Fig.18is tial crass-section gf a plan view af unit 1),
Eﬁi[‘a% I_ngg‘ ?& an ugfbognmn% Hard 1€, %giugf% ﬁgzﬁ%a m%ua[:f)s éhﬁb ﬁ%géd#

showing the dow-nstream extremity exible y

2% éblégiﬁ ik ep RiitarEation Witk i emi/ e gertne e 3mst freweti
32DGietrebigh 18 cthelwelt @06is tdispeseddnachorizamntal posiion:heing,
A ially parallel with t Icincontacti rface of unit, I, J001 22]
B A S e s
V?E&Jﬂ?ﬁf%@gﬂq&’fi‘a%&/ﬁHﬁﬂéﬁ%%@ﬁéﬂéé{%ﬁ%@?@ﬁﬁé?&&%ﬁ%ﬁ@g@@?sﬁté
refohib@icylindsicatexitaprHurei20a6b-afhewel208:that-emergas ente a
a:31de wall or height surface of unit Il. In contrast, with the well shown in

Figs. 10 to 17, the entry aperture 2063 is concealed and contained in the

[aotedpref Undhbvs & cannula 305 driven by a cannula driver 3039 that is fixedly
- retained to the handle 3033 of the trocar 303. The cannula driver 3039 is affixed to the

handle 3033 and to the trocar 303 instead of the ram 3038 shown in Figs. 14, 13, and 16.

I00R17] The carmula driver 3039 operates in association with 2 cannule 305 having a

male sorew thread 3058 dispossed on the exterior portion adjacent the canmula inlet



[00123] The rotary joint may be provided with a rotary fastener 61 coupled
with the exit aperture 2065 of the well 206 An exterior portion 62 of the
rotary fastener 61 supports an entry seal 2085 and a cannula 305, which

is previdechyyitfy a radial bore 69. The cannula - 24 - is directeq c11 2006/001276
perpendicularly with respect to the well 206, The rotary fastener is

provided with an internal channel,2¥hich provides fluid communication

with the well and with the radial bore 69 of the cannula. The rotary

fastener 61 includes an interior portion 63 terminating by resilient

expan e jaws 65, and a cylindrical stem 66 intermediate the exterior
B 0D it e e B TR BOPRER 5 O e Gy
oppstiaa el &0k pretfierat{he ctamdsafinprint thuetyl ndtiew lexd tapanlinecdes.
i%%lsl%%Hi%l&%r@é%&?&f%dﬂiﬁmmﬂé Eé&’éhmtj ng%ﬂe@éaﬁlﬁﬁé@ﬂ&%%&;
. irtue. of the st the stern a rotated in t .
R i DR e Rk N
i g R Ec ARt 2068 a At dhstehiibe pretrbhrscladida deths fitiid.
[R5 ddhe rotary fastener 61 may thus be free to rotate relative to the
well 206 and the unit Il. To prevent loose rotation or to retain the rotary
[f45isher Bt the acdudir 8850 S, thraoted uede7amag bie theetty! Aftadhed to
nt{]@mhﬁcﬁé.soﬁgr@@qm& m}i@@I ating Vﬂﬁ?iﬁt@lﬁ@ﬂﬂéﬁﬁrﬁ% gk&t?i 69&{5% Rerieheny of
the exteriar.portio 0 rotary fastener 61. Befqr,
o e N S R e e T Bemtioon
viiiirg thethe sERDitt2087dhd purging out of air, the cannula 305 may serve

it of liquid. H itis al ibl ir when th
O R L P T R S e Rhet S0s

PripfedicHidisiovide dasins ratiar verE 6gited iGitceshsmtifteaton With
phasivue 20 and: Withribe exterianaiint k.dfel 4o igesl 8, the cannula
305 is received within the fastener 61 and is situated inside a cutout 71
ARt Edzin Brsnugiisiineferemb edntiod iriba dopthe ot BintasidnowiR in
a Figard il whichvihe iitdh i petiprevidadivithithe eulestils 4ae tongue
7 and the groaves.68 may be disposed slightly differently. [Q0128] In
B Ens Lk G T3 e 15, e WAy ot 0
wibrTigaeas ditre iy, Tn IFR§tias nmition wRPeRiGetatRIgTeiRIERar 303
bétitedaviihvarhangie BO33ner dasluding adheliowdreransSRdnyibmahandle
3033. Unit Il may take advantage of any of the embodiments depicted in
[AHe2Highia 1 §ds pP[DU P2of itsfErariathler dptbetimehtsthebaibHi includes
dsatanytastenenblasthdhedmeans8.and heicacapliai3fdalready
o{posiad herein.dn that case, the el 200 may be fitled with an. g plvg
é?)glél, whic may be rem ved Tor air purging.
disposed in & horizontal position, being substantially parailel with the skincontacting

surfaces of unit IL

[00E22] The entry aperture 2063 preferably opens info a frap 2071 forming a cavity for
liquid accumulation. The cavity is restricted by a step 2075 to form a cylindrical exit
aperture 2065 of the well 206 that emerges onto a side wall or height surface of unit IL. In
contrast, with the well shown in Figs. 10 to 17, the entry aperture 2063 is concealed and

contained in the interior of umit IL

{081 23] The rotary joint may be provided with a rotary fastener 61 coupled with the exit
aperture 2065 of the well 206 An exterior portion 62 of the rotary fastener 61 supporis an
entryy seal 2085 and a cannula 305, which is provided with a radial bore 69. The cannula



[00130] Fig. 20 shows optional components for integration with the
reusable unit I, as, WO 20071052277PCT11L20061001276 - 25 -

e 8%@%%[2%0700. Such options may include an Input/Output pad (or 1/0
pad a’safety device 104, an alatm 106, and one or more ¥¢T/L2006/601276

rechargeable batteries 108. [0013%].1t is possible to add an 110 device on
the distal exterior face of the reusable unit I, opposite that face of the unit,
which adheres to the skin S. Thereby there is provided an additional
.means for communication. The 1/O pad 102 may be fitted with input
RS LOFR A BHATS L Herorikdisof 20 SEeparralktoutstpiveds
vetichnasttriEDshand, evdn with & displayif-desired: The HO-patklZis the
Soupled. eceivesr . lands from both, t
co ntrolIegﬁ%éngﬁévz}%%%%s%%%ﬁh?ﬁ%? (an Tﬁoﬁ%ﬁoéics}% egt‘y
"HEVIRE O iy B TAapBY o7 an Intfetidart o wese As i eatiitii e to
emoritarcthenfllidiprésgurespulses delivered to the downstream extremity

051 of the flexible tube 205. [00133] In contrast with the controller and
A& it/ 6T IRTENdS AV IRETIOH RS Stha s voRmeraiaes rigurdthe
criarisferred:tothe bty Bltasdiierpation (t)hereSnahoves-theisaieiyt of
udevise E04mayd r&eﬂymw@aﬁe@ﬁémw;959%@%%@3@@{%%9:ind';fa%%: exit

e

tgpﬁ? 2955 5The addition of a stand-alone fluid flow sensor, not shown in
“tes Fay B ABSE I d durRer t8 R I ARER i Feabiy oAt aystem
si$000. 100334 |Eligz2df i:@.schematic presentation of an exemplary
[(E)EQ,SS ure sensor device Tne tube 205 is seen in cross-section, supported
VA ié’i&%&%’é’ SETIEEHTRE Byrtthe el rabie Gt e s hidiE siidhe
uiph] Hisposed ondthsaeusabiedmiit teembrates:ihe tube 20500185} The

o pige; 104 omaydnclide-anedr mene 460s.And.pisiarably twg, legs 1043,
o dJist Qé:egl .aﬂd s%ﬁrated, apart, both Ife s may be supported on the base
S e SEn 14 SBBRE Py TRROTEEE 1043, The

[oaeparation-ine-ShdnFig-.24.indisates ashorder hetveen unit J.and ynit 11,
- nd t}pus rggrks t|3"|e separation line between the bridge 1041 and the base
2011 WG Both GRS TG AUaré Todietr tolether o 6peratcn, 1 thbe
Lipdd iHeiptvidy drodgerhisidericul frarieormad hyrtie Bifdgaka4diang:the
wdase0204%.§00%36LARIaZOSIGCHIG Are S SeRSYY 1047 A5, example
i %1; @CBresgurCeUsO%r&fs% e\v(rl% A (%mé{dbe. Ere]:%t}glned in the beam 1045 disposed
‘Opposite the base 201 1td be ih W eCtmEcHAMEAP chitdtt with the tube
(0205 Wihen a pulse-afliauid sutgesdn thedniariguolihe the 205, the
. piezoel ciriG pressure sensor 1047 senses that pulse, whichis =
mt} a?‘l aé Iva‘} QL grovided in the unit IT A different embodiment of the rotary joint is
shown in Fig. 19, in which the unit II is not provided with the cutout 71. The

tongue 67 and the grooves 68 may be disposed slightly differently.

[00128] In both embodiments shown in Figs. 18 and 19, the upit [1I may be configured
differently. In Fig. 18, unit I may include a dagger trocar 303 fitted with a handie 3033,
or including a hellow trocar 303 with a handle 3033, Unit TII may teke advantage of any

of the embodiments depicted in the Figs 11 to 17.

[00129] In yet another embodiment, the unit Il includess rotary fastener 61 with the
tocar 303 and the cannula 305 already inserted therein. In that case, the well 206 may be

fittedd with an exit plug 20068, which may be removed for air purging.

[00130] Fig. 20 shows optional components for mtegration with the reusable unit I, as,



- 26 - an electrical signal communicated via a couple of leads 1049 to the
controller and transceiver 101. [00137] Fig. 22 shows schematically an
advantage taken from the disposition of the two legs 1043 to integrate
bott? tHE ‘defvery and receiving contacts, respectively 2209 and $&FE-H#tg/001276
the structure of the pressure sensor device 1047. [00138] A receiving :
contact 107 may be disposed in the free extremity 1044 of each leg 1043,
and a delivery contact 2209 may be disposed opposite thereto on the
base 2011. A lead 1048 may be electrically coupled to each receiving

erpbtieant B9 aSuiply i itne FeHHIOF SAdM IS 1Ba5Paie1 56 ide dtPob13

- Raybeelectrically coupled 49 each, delivery. coptaet#2QQ passing through
thé base 2011. Although not shown in the figures, each one or both

[00OMtRQtS QU ab R Paitcamprisinga-dakvénaicontact 2208 dnd-areceiving
?%1&% L%%f; 2% Be shng:iaaded [or befiet canductance, ibdesired.

iezoelectric pressure sensor 1047, which réesponds

préwﬁﬁﬁf@ §P&ﬁ&l§%?8b?ﬁ‘t&9ﬁl¥ﬁl%%ﬂ%f%&§?diﬁﬂ&l%zftfé@:’ﬁ&’\%?ﬁg 1R
wthrotighsthe tube205(smay easily detétibasal anidbplusiud flotyzs
rR3iems, and report accardingly tq the,qontialier andiuansegiverl.

Furthermore, high pressure, such as caused by an occlu(ﬂ , 0L |0Wm

mb%@é%?émé‘%ﬂrﬁ%aﬂmgﬂ Wa TeaRTTRUGIEEnGEGEMEht or FIBtIFS: Wil
usatso. easily be detected and reported. [00141] In a train of pressure pulses

each pulse may be characterized by an amplitude A, b ulse width w,
(OGFeF by PTG T LT At W EorSEEIEOe BUILER, SHAETO8 B the
to periodr Thd GRIXREHige 2Ashdwseadraph: asvameaemlat@r@ﬁa PUlsettizn
nderived by the piezoelectric pressure sensor 1047, with respect to a set of

coordinates having an abscissa t, indicating time, and an ordinate y
[odesignatingemplitide: Thediresstitepulsendefonvh dontairtbdnfon ration

thﬁ?%[ﬂ%&%ﬁ&?@%ﬁ?&'@%&%ﬁ&%tﬁé the system, L0053y astepiesenied
by the three parameters A, w, and T. [00143] The ampllt deA ﬁ\g p%e?
efera

s SRS (B R SR R SiRE 1 v T ﬂ?fﬁ%giffb%%%
Tremditsawithiszpredete fimihéd-boundarigshTooihigh “féwwm pmla He alidftﬁa%

a9 DIgh A RIassHIe: My ndicale.an pggiusion. On the contrary, low

pressure may point to a leak, such as a rupture, release, disconnection, or
reves) lack of liquickem2 piB0l4din nfone-embodimemtutheperide Temaye

w8 ﬂ@i@%@f?H%&%JQQ&&??&QH&E@EM%%@%M&@'cl%h 9§ the transfer
element 105, thus proportional to the volume OLL in ect%ﬂ a of Iq}wd.

I3 SHACS BB Bt CUR/S S e Fiea s

fVE Of the measure
thpressapé wave and the abscissa t, thus comparative to the multiplication

of A and w divided by T, is indicative of the flow ra te (,[%of th(-%- |nj teﬂ)
oﬁaa 5§W€bﬁi§§éﬁfédnﬁ¥/]§&|ﬁg? §pe or more legs, an preferably, tw s 1043,

distanced and separated apart, both legs may be supported on the base 2011, and one
beam 1045 supported by the two legs 1043. The separation line SLin Fig 21 indicates a
border between unit T and unit I, and fhus marks the separation line between the bridge
1041 and the base 2011, When both units  and IT are coupled together for operation, the

wbe 203 is tightly encaged in a rigid frame formed by the bridge 1041 and the base 2011

[00136] A piezoelectric pressure sepsor 1047, as an example of a pressure sensor
device, may be retained in the beam 1045 disposed cpposite the base 201 1to be in direct
mechiznical contact with the tube 2035, When a pulse of liguid surges In the interior of the

tube 203, the piezoelectric pressure sensor 1047 senses that pulse, which is translated into



(2): Q =k A 4'w T[mm3 /Tn. n](2) The coefficient Ic is an empirical
one-dimensional coefficient, and depends on the interior diameter of the

tube 205. [00145] The safety device 104 is a valuable independent
suppbrttEBiBnhancing the reliability of the system 1000 regardi§g/#ha006/001276
delivery of alarm in case a trend pwinting to a developing dangerous

situation or to an imminent danger is detected in some embodiments of

the invention. [00146] Although not shown in the figures, one or more
asagg%.dqv@ces 104 may t%e agdded, such as a flow sensor, in replacement

S v i additios ToTHEFrestire aHESF Y47 {00 T4f A &tk ftodule

oS evay 19é- provides, which may be coupled to the receiving contacts 107
rgﬁyjﬁji%%gower, and to th_g controller and transceiver 101. '[he alarm

‘modiule T8 sy BEUSEa 8 prvite st i resHBnSe (5 3 aanper Syrd
legnittéd hyrtha gohtrolibe andtrangceiverdfdorandiordpytive safsly dévice
104nbhe: alarmypedule 106 may beimplempented to emit an audible,
visual, or sensory signal, by operation of, respectively, a buzzer, a light, or
[eNAstaton=The vibrateris theprefeired dhipl éméntationrsityce 4t bish leg
idispesedanhe skins- s prelered.becayse thedalivered signabls a

éivat ly sensed one, V\{ithout the surroundings being aware t,her_egf
ffﬁ“f AR RIRTIPAY B GRS B O RSE Th S Sitar frorhiife Eolifroller
Isiprdptrafesceiverl 8468, according to at least one of the following: a detected

nacceptable condition and performance of the engine 103, a signal from
LA

e Tendoi2t, BRI Ggn IS e dafsl) geved o2 (T RE ety
tfendbabt Odsnidy be/dtupdubstireratatine Moduled06vatheticontraiiersnd

oﬁ@ﬁeﬁ?@_&iﬁﬁ%@é,aQ{egif&?t&MJtQ&r% ﬁ&ﬁ%rﬂ@%{g& skigh.a:69 @%@E%ﬂ% Jot
}sgogvtrg |getrée flumesa. ]ilfis1 e ‘%(%80149] The engine 103, the safety (_Jlewce
¥O5 ShAHE ARLTE SRt Lo5 are activated only after operative

f@ﬁat’?ﬁqtﬂ%@m%c@eﬁ?&ﬁryEELAMWP%@%@Q&!&W%ﬁé&g%!@bﬂ?t}?d-

IQ eaﬁralltel, the cantroller and tganpscelv,er 101 may emit wireless alarm

r . s H
PERTAR S TRE T ShBEE BohtrBI Uit I@?Wﬁkﬂlﬁ%‘ﬁp T4y hoke BRrAcSignals
degp Sthrerl externiak idodifirmg rdevices comptrersdandrie tivorksy §061650]
ubaplionally; abaliennROssibhasechargeabla bauen, 108uis 2100w
pliegrated within the reysable unit | to provide additiongl relabity (o the
PEy et TG0 The atie 108 TEtPRe SRArGEa By CoRhettioR taal

- deisesrhaldbaretsicharger via a charging port.

[00141] Ina train of pressure pulses, each pulse may be characterized by an amplitade
A, by a pulse width w, and by a distance T separating two consecutive pulses, indicative
of the period T.

[00142] Fig. 23 shows a graph as an example of a pulse train derived by the
plezoslestric prassure sensor 1047, with respect to a set of coordinates having an abscissa
t, indlicating time, and an ordinate y designating axuplitude. The pressure puise waveform
contains information regarding the operational status of the system 1000, Ay as

reprasentad by the three parameters A, w, and T.

[00143] The amplitude A may be proportional to the pressure of the liquid in the tube
205, and preferably remains within predetermined boundaries. Too high an amplitude A,
thus too high a pressurs, may indicate an occlusion, Oxn the contrary, low pressure may

point to & leak, such as a rupture, release, disconmection, or even lack of fguid.



[00151] In Fig. 20 the controller and transceiver 101 are shown coupled to

the 1/0 pad 102, the engine 103, the safety device 104, the transfer

element 105, the alarm 106, and in bi-directional wireless communication

with tHe FRIote control unit IV. The controller and transceiver PO Ha) Qe 61276
microprocessor-driven for commaerding and managing units | and Il, and
configured to support bi-directional wire and wireless communication with

the remote control unit IV. [001521 Fig. 24 illustrates an exemplary block
circyit of the controller and_transceiver

ijagram presenting tIM electroni | ,
[? E@vﬁ?c n?sergqéoc%r%ﬁ%&-vgﬁ?ﬁ%é}nsc&% REEGE R Hichs sreet asures T B
Horiehdling bie Brafordemamdies s01sdsiculpiettocantransogivet
k33 dTaving. an aplen p%@llﬁ@%eﬂa@tn&a% %%%%é#@%é é‘xﬁ%@el&?;ﬁQ %L%grggtan

_ n onverter 1016, which in turn, is coupled to a
D B B Sy d w ed
b¥dmipliiFgsiegrare LeoreteiR dfehoreotmioreitemaries16d By referied to
(hereinbelow as the memory 1012, as well as to respond to instructions
and commands. [001531 For example, the p,P 1011 receives commands
from the remote cShtok fikit“IV Aifa therantenmia) 1014 &nd the transceiver
1013, then fetches data and computer programs from the memory 1012,
and stores data therein. The transceiver 1013 also preferably

TeoRVRRGAteR Witkihememon, 1012 t0.stere programs and data therein

dand to crl%gie%/lg %%ta therefrom. It is via the antenna 1014 that the
ameter & 5. ) : . .
transceiver c¢ommunicates with the remote control IV, and if desired,

[ONILESPURY JARIVErS-CMILErS QFHRNSEEIMEYS 0L ShowN Inihe figures.

ay then emit commands to the engine driver 1015

4] The p2 10 . .
e i A S e e e

or activatio
dfroreBafenedevicé(s)i104; tFronmthereceied ifekdbackntivenpP 1011 may
ciRtie Garaparsons.sapd may, if necessary, emit correction commands to

the engine driver 1015.
[00146] Although not shown in the figures, one or morte safety devices 104 may be

added, such as a flow sensor, in replacement of, or in addition to the pressure sensor

1047,

[00147] An alarm module 106 may be provides, which may be coupled to the receiving
contacts 107 providing power, and to the controller and transceiver 101, The alarm
module 106 may be used to provide alert in response to a danger signal emitted by the
controller and transceiver 101, and/or by the safety device 104, The alarm module 106
méy be mmplemented to emit an audible, visual, or sensory signal, by operation of,
respactively, a buzzer, a light, or a vibrator, The vibrator is the preferred implementation
since unit I is disposed on the skin 8, also preferred because the delivered signal is a

privately sensed one, without the swroundings being aware thereaf,

[00148] An alarm may be given in response to a signal from the controller and
transceiver 101, according to at least one of the following: a detected unacceptable
condition and performance of the engine 103, a signal from the reusable sensor 21, or a
signal from the safety device 104, The safety device 104 may be coupled to the alarm
module 106 via the controller and transceiver 101, or directly thersto, even though such a

comection is not shown in the figures.



[00155] Feedback signals from the safety de-vice(s) 104, received from
analog sensors, may be fed to the p.P 1011 via a WITIX 1017, and

CO&VG{}}%‘% by an AJD converter 1016 into digital signals. [00156]
FUrthérmors - data and commands may be exchanged betweerf fHelRP06/001276
1011 and the 170 pad 102. The pip;34011 may also activate the alarm 106
when necessary. Power for running the uP 1011 may be obtained from
the receiving contacts 107 coupled to batteries mounted in unit I, or to an
optional battery 108, rechargeable or not, mounted on unit I. [00157] In

Wit e Theraiset Bhibre it 67 e Wnztd e temeltraisoeivEl k04 may
bﬂiiﬂt@@ﬁﬁlﬁdﬁ& a@ﬁ?ﬁﬁﬁ?&@ﬁtﬁﬂ%ﬂﬂﬂ&@eﬂﬂ%@fﬁnﬁ% %ékﬁ;\\_@he depl;ta’zble ?’nilt( ELI)

ing si chip..such as an A j.e. Chipcon(r), Zarlink(r),

BersE AR Sia RS ASIC 8 CIREOR) S )
other, white unt 1P 18 HE PR sygbies s astbein g eausrd tdusiiten external
evenithaughshowmirthenplareetdihe paper instead of being in

erpendicular thereto. Unit Il may include releasable latching arms 21 and
@%%‘Esg)@fﬂéuﬁéééi?x@afmﬁq%stbimalr?ﬁwgﬁml@d@mﬁﬂ&gigpbc@\ie@@@md
mnﬁgmeehmb&ngaigetmgdat@lmg@m&aﬁbmﬁiEﬂgyel@ygtégllqaﬁ@bkgaéﬁ@jay

t ' I . [00159] In same emhodiments, when both units
R S B e 0T e the Lo Tom7
mppsvpiiately abut taeduihe azcﬁﬁraammlsﬂvis@mtmﬁ}ﬁ|é%@ﬁy3@@ﬂﬁ%ct@%%@?

g _receiyi ntacts 100160Q] Fig. 27.i ide.elevation of
e e A e eSS AR e
Hdiesivas yinNaem e papEianakE s e uart el e Broughirober
wontactwith the:skirbbriabshowninfign 2%, .demachere therete. M.desired,

t in Fig. 27, adhesive may be added to unit | in the. sam
T T S S e
TERBLERTEhERERIch also shows Unit | and unit Il separated from each

ile Lt L) i in depicted symbolically as.bej oupled to unit
T A s e e R
osihe SBHPUCHBI RS TE F YAEIoB G TelE Gsably Fasevitigraditthérein,
n{00H6Rkg. 29 depicl)unitl| secuelyesnappedhintoribe onadie 28phuto »
releasable therefrom when depleted. In the same mamier, as for unit Il in

TRERCIEHE HEHOM Bt I8y alSee e doé ranaith Presralrddpenzasine
deoverng alayer ohadhesive, ARE-ing2%: Qe Sealing element 29,

may. be coupled to unit Ito ensure sealing when engaged with unit II.
1011 may be configured to read, operate and run computer programs stored in the one or

mare memories 1012, referred to hereinbelow as the memory 1012, as well as to respond

to instmctions and commands.

[00133] For example, the uP 1011 receives commands from the remote control un it 1V via the
enterma 1014 and the transceiver 1013, then fetches data and computer programs from the
memory 1012, and stores data.therein. The transceiver 10.13 algo preferably

comrnunicates with the memory 1012 to store programs and data therein and to retrieve

data therefrom. It is via the antenna 1014 that the transceiver 1013 sommunicates with

the remote control IV, and if desired, with other Tecelvers, emitters or transceivers, not

shown in the figures.

[00154] The PP 1011 may then emit commands to the engine driver 1015 for activation



[00163] One of skill in the art will appreciate that other releasable snap-on.
mechanisms are also available to firmly couple both units | and 1l when
engaged. [00164] Fig. 30 is a block diagram of an example of the remote
contfBIAATA2 Which is a handheld set operated by th.e user Il FCSGI006/001276
embodiments, the remote control unit IV is the user interface with the
system 1000, by which programs ahd/or commands are emitted and
received, and. the system 1000 is operated and controlled. [00165] As
shown, microprocessor-driven command and control unit 401, able to run
GOMR IR0 AMS- SIQTe0 N8 MemRN:403 s coupled 0.8 transceivsr
405, which jn turn is coupled to an antenna 407, for wireless hi-directional
R REAT 6ty SR AL L0 A AREIRREASI O St AP BvicaS:
comptiterspranduietwieks i&alsirpassble, if desired. The command and
control unit 401 may also be coupled to a display 409, and to an

Al AR frerbakie fisaats drart 1hagi g Her gevicK 44 Tsesad i em et EDersoms,
buzzes sor oeknown. deviees, imay further be.gounled to the command

ar%d g,on;rol unjt 401. [00166] Exchange of information, such as computer
VS GHEATE SHEWiory data, instructions; and commands is achieved with the

f°5r§ mple), and with ot ere tgrng dere ote gceals
e B R R S
thérd Redl pott (BrelR g6t 4215 imid aSEepdatod 286 [001618F Rawe ritorer
oRsIAtan al.the femals, contiel Uit LY, ﬁgea%@e%%pc@ﬁ%a%t?m battery 425,
which is replaceable, or reloaded via a battery chiarge port 427 The
BB My ovetthE- Co ARdE R it o Pimifcherecthls traméceveied
405nthe display 409, and the alaial device 415. It is noted that the battery
425, the -memory 403, the USE port 423, and the alarm 415, shown as
SRgidadvicedin Bin o mHag Betiripheratelrad hise teviesar be
desiredd DR IEBkEordperation fihe-memory 403-o0t theremoie o ate)] st

LV imayshe joadad With pragiams yigthe transceiver 405; or via the fl port
421, Or via the USE port 423.” WO 20071052277PCT/1120061001276 -

B Wpriinjetticnof the liquithielceraingtoqneeds, shedsendlmay enter
inpteuctions, andicommands, viathe keyboard 411, o, communicate vig, the

transceiver 405 and the antenna 407,-with the controller and transceiver
E_ﬁf%}flfﬁédr@ﬂ%éﬁmﬁjﬁldmmm thereto. Unit I may include releasabie laiching

arms 21 and a recess 23 to receive unit I, Undt I may include latching grooves 22
configured to engage the latching arms 21, to firmly but releasably retain both units I and

II'together.

[00139] In some embodiments, when both units T and II are latched together, both the
wheel 1051 and the sensor 1047 appropriately abut the tube 205, and likewise, the

delivery contacts 2209 sngage the receiving contacts 107.

[00160] Fig 27 is a sids elevation of the latched umits T and II. A strip of peel-off tape
24 covers a layer of adhesive 25, With the tape 24 taken off, the unit Il may be brought in
contact with the skin S, not shown in Fig. 27,-to adhere thereto. If desired, but not shown

m Fig. 27, adhesive may be added to unit Iin the same fashion as deseribed for unit IL

[00161] Fig 28 presents another embodiment, which also shows anit T and unitII
sepaxated from each other, while unit II1 is again depicted symbolically as being coupled

to undt IT in the plane of the paper mstead of being in perpendicular thereto. Unit [ is



1001691 Information received from sources external to the units of the
system 1000, as well as data received from unit I, may be displayed on
the dIS lay 409. The command and control unit 401 may analyze system
statug a‘?‘?g 'Yeédive data for output of selected information and n8Ed4&apys/041276
alarms on, respectively, the display409 and the alarm 415. The display
409 may also be able to show various status data, such as liquid delivery
rate, computer program actually running, and battery state. [00170] The
exchanges of data and the communication processes may be governed
BYPRACWIF e cirigaes @ﬁsﬂﬁﬁﬁgbm@e@ﬁrﬁvfaﬁdema integrity, and taking
e own h dsha and secured ¢ munrcatron rotocols,
D b (5 e[GO PRI/ S G B8 HPEER on the
F@rférewﬁrmmrﬁrew Ihﬁ\rrﬁgumeadr@play m@gmrﬁélkéyb@rdmwmdm@
aiaﬁma%%em&zzh@@%@tmr@ethﬁo%%@m 1000 is Q&ﬁ%ﬂ@e% O-ring 29,

inbelow fexa Ie oplé/ srnc tthe order of, atrons
?’lef S5ca an " (:’,mu ?}i ed to jadyild answ:ef SSall en CT1 cracred
per orme rﬁay vary 0 Prfor to use (and preferaph
h‘f&hﬁﬁaé%ure) general programs instructions and commands may be

m % E!rrl}t‘okx rggl'gte Qtrol Vv, a%dt erea ter ersonalrzed daIa for
e individual user U'may b é’d)deecc?t‘fd 172 “IEorT?ea et the s
%@Ié’r‘ffsﬂaaﬁaﬁf’d“télﬁéﬂﬁfé&’ﬂedo‘sueht«‘a‘saﬁfsﬁli‘ﬁimreefxagﬁéle and further

E’B sire % 8eﬁf_unrt | If ther vorr 2031P|n unit |l |s§\9 L
pplre pre flﬂe e USET T m%ezrﬁ%n uafty }f’ﬁrtﬁéores:g?\r/rol &G

eBFEGE PG n@grandtﬁeﬂermm UTescmn rzrrrbwimh‘@ rbservoir 20818 it IV
Q@I@J&Eﬁt&iﬁeﬁ@m& taetryezéeuﬁmlw Rikik b yeek thaow.selecta.atype of
it s desired, or & nesdedy n.tm, ULl is inseried into unit Il to
esta dcommunlc tlon erewrﬁw whereafter t%e tiser ti commands

ppecatiot; ehdhe, ranstes clemnentd0he.RUrIe Al et afthercanuia 305.
ext&tgrnrt I!,!mrrs 0 eraaited fgg m@ser}b(gnlorgtt}ge ccaggnutlra SODS‘rth tpe§ In S or
subcutane6u ?y into the bo&ﬁl B ‘and'ihe 3perat|don3 f“alssremble unﬁsﬁm
i Farwrmtare Hppreptidieny ‘di@%@@é’d%ﬁﬁtq@ést}wmeﬁad [eteatdetyaunit
Iskinn{RQAichl o han sndihisco|edipudi, b;ﬂqward&&smd'tegbgamairﬂ

fiemahe,amais. oL RIS BAIIGTAS IR e eRCNRINg CONREL 22,200
the receiving contacts 1 The contr Ier transc \7er 101 may
%&%@H%ﬁﬁﬁr@ﬁﬁrﬂo@ram@ aﬁaﬂrr?@weﬁaﬁssash@émﬁ«eﬁwe‘awrtwé ser
idpwiadsnitdd/ oy fiatihiedowpad $02: Computer-arogramsnmand instructions
may also be deliverable to the controller and transceiver 101 as captured
fSHtanTexterrarSeiree Rmsiors romrexterAar somees Titbe
icapioried: by dinitatharaw gtm:thea/wrei essdransceiver40b:vigitheantenna

Sl 1100 1RO A2, REDUMEHIR I8 BRI A3 RHEDS zsgggnia%

transmlssmns may be recelve rom evices external to'the system
Fony FERBIE-CHNTPIEHE BFhetWolReport) 421, wnd a USE port 425,

{00167] Power for operation of the remote control unit IV may be supplied by & battery
425, which is replaceable, or reloaded via a batiery charge port 427, The battery may
power the command and control unit 401, the transceiver 403, the display 409, and the
alarm device 415, Itis noted that the battery 425, the memory 403, the USB port 423,
and the alarm 415, shown as single devices inFig. 30, may be implemented as muliple

devices if desired.

[002G8]  For operation, the memory 403 of the remote control unit IV may be loaded

with ‘programs via the transceiver 405, or via the IR port 421, or via the USB port 423



[00176] Upon command, liquid is dispensed from the reservoir 203

according to computer programs stored in memory, or in response to
command from the user U. Then, the engine 103 activates the transfer

elefe REOT052 associative operation with the tube 205 and the aldRipy /001276
207, to fill the well 206. Unit ff1 forwards liquid from the well 206 and into

the skin S or subcutaneously into the body B. [00177] Faultless operation

of the system 1000 may be monitored by the controller and transceiver

101, and to enhance reliability, also supported by feedback signals
recejvedfroihalieusablesensortidibposad GHE Fansfar EBEht 105,

2ndior drom the safety dgyice.104.cqunlechto dispasabieiseasotsdisposed
on unit 1. [00178] To further. enﬁgpgg reliabil{)t% of the system 1000, at

JehEt B FeRHANGeHI & DAKET e dissed in Unit . [00179] The

@f?g@?n 1009 is. thys an-example.of & sustainedJelease eliveny system
or

elivering a beneficial liquid at a predeteiptined rat e skin S gr
WO B%%@?E%Yﬂdﬁamﬁ‘alh%waaé’§cdﬁ%§i%§d§%%e%énd? > iﬁ%ggt?gfﬁhe

invention pit sHould-benalppanehirtc those SKaleH Aeh &rptRdthg =
foregoing isdmerely.llustirative angknotlimitingisand4tsholltkbern 415.

understood that numerous changes in such embodiments, Mavibe ery cate,
TherGtE e d WikkB LRt Gear iﬁtgofsroor%' Fﬁ%aturfjé%slﬁslr?? of the inve(%}tion as defined
imnthetappendedotlaimsimBBMESIETCERMS 1.A medical infusion

system (1000) for proyiding sustained infusion with controlled rate, s 5,
ifeonta ?‘ﬂﬁ?ﬂgﬁﬁ&ﬁ%%v (t)%eé: %Héﬁ%%f%hoen gilosctg’rgﬁsc%%prisﬁr ng: a first

Beparatéreusableinit () somprisKg:a SStFSTEPLB oI HEREY Mg
l%wgggﬁhaking and secured commmunication protocols, all well known to the arl
160171} A handset /O pad can be disposed on the remote controf unit 1V,

having  the display 409, the keyboard 411, and the alarm 415,

[00172] Operation of the system 1000 is described hereinbelow by way of example

only, since the order of operations performed may Vary.

[00173] Prior to use {and preferably upon manufacture), general programs, instructions
and cornmands may be preloaded into the remote control TV, and thereafter, personalized

data for the individual user U may be added.

[00174)] For treamment, the user U selects & 1iquid to be injected, such as insulin for
example, and further choeses & desired type of unit IL. Ifthe reservoir 203 in unit Il 15 not
supplied pre-filled, the user U may manually A1l the reservoir 203, taking care of purging
air therefrom. Then, unit I with the reservoir 203 is operatively coupled to the reusable
unit T The user U now selects a type of unit TI, as desired, or as needed, In turn, unit II
is inserted into unit 11 to establish fluid communication therewith, whersafter the user U
comrnands operation of the transfer element 105 to purge air out of the cannula 305,
Next, unit I is operated for insertion of the cannula 305 into the skin S or
subcutaneousty inte the body B, and the operaticmally asserbled units I, 11, and T ars

appropriately disposed for at least unit 1T to aclhere to the slan.

[00275) When unit IT is couplec to unit [, power is supplied to unit I from the single or

multiple batteries, via the dispensing contasts 2209 and the recetving contacts 107, The



a transceiver for communication, an engine (103) for generating motion for
a fluid transfer system, and a first portion (105) of the fluid transfer
system, the fluid transfer system becoming operative for transfer of the

fluighyvhendahe-Hrst portion (105) is operatively coupled to a sSeCPAEN Yoae 01276
portion of the fluid transfer system; a second separate depletable unit (ll),

comprising: a secondary portion (207) of the fluid transfer system, for
operative coupling to the first portion (105), a reservoir (203) for holding
the fluid to be infused, a tube (205) to enable fluid communication

efween t@g reservoi zimd tQ Qod of the patient, and. ._at least one
B I ol e

praraprediyidhe perativeR CEdNed 16 the 148 e8hdGnit PMPECTIFTOBTHTE tnp),
inompiiangzpaeana dlai(305) forinsertion-iniai thexedyrabing patiest, fom
MEoelAling means (0Med fa.he caniula, and.a.oum SePRfHE. on
remote control unit (IV), comprising: a trahsceiver ?4(%) or 8
O PHFRGH CaTSAERAYh e it separatd FetidhblB btk et st Hive Yisdhory
A0 Ipfotstosing atiteas enenbiionenor mhore o hisie i programspaatahe

s?@gzirl%%{%ﬁamote compuiers or networks.

f80176] Upon command, liguid is dispensed from the reservoir 203 according to
computer programs stored in memory, or in response to command from the user U, Then,
the engine 103 activates the transfer element 105 in associative operation with the fube
205 and the backing 207, to fill the well 206. Unit Il forwardg liquid from the well 206

and into the skin S or subcutaneously into the body B.

[00177] Faultless operation of the system 1000 may be monitored by the controller and
transceiver 101, and to enhance reliability, also supported by feedback signals received
from a reusable sensor 21 disposed on the transfer element 103, and/or from the safety

device 104 coupled to disposable sensors disposed on unit 11

[00178] To further enhance relizbility of the system 1000, at least one rechargeable
battery may be disposed in unit L

[00179] The system 1000 is thus an example of a sustained release delivery system for

delivering a beneficial liguid at a predetermined rate to the skin S or body B.

[00180] Having now described some embodiments of the invention, it should be
appazent o those skilied in the art that the foregoing is merely illusirative and not
limiting, and it should be understood that numerous changes in such embodiments may be
introduced without departing from the true spirit of the invention as defined in the

appended claims.



a control module (401) coupled to the at least one memory (403) and to

the transceiver (405), and operative for receiving, executing, and emitting
data and inctructions, and an 110 user interface for communication of data
with a user and for sending MCSLLP - 34 - instructions from the userforci o
the controller (101), wherein the conifdlter (101) for managing

operations is configured in such a manner that upon: emission of

appropriate instructions from the fourth separate remote control unit (1V),
opamively coupling the first separate reusable unit (1) and the second
separate depletable unit (Il), and the cannula (305) being disposed in the

body, ower is supplied to the engine (103) for gengrating motion
fo theAehadremdrénagaieisiriid YIS FERSTSPICEP O SO comrolied

{£03);tR4BR HPMYIid into a body of a patient, the system comprising:
a first separate reusable unit (1), comprising:
a controller (101) for managing operations,
a transceiver for communication,
an engine {103) for generating motion for a fluid wranster systerm, and
a first pottion (105) of the fluid transfer system, the fluid transfer system
becoming operative for transfer of the fluid when the first portion (105) is operatively

coupled to a secondary portion of the fluid transfer systern;

a second separate depletable unit (1I), comprising:
a secondary portion (207) of the fluid transfer system, for operative
coupling to the first portion (105),
a reservoir (203) for holding the fluid to be infused,
a tube (205) to enable fluid communication between the reservoir and the
body of the patient, and
at 1sast one source of energy (201) for delivery of power to the first unit (I)

when the first unit (I) is operatively coupled to the second unit (I1);

a third unit (II1), compriging:
a canoula (305) for insertion into the body of the patient,
a penetrating means (303} fitted to the cannula; and

a fourth separate remote control unit (IV), comprising:

a transceiver (405) for communication with the first separate rensable unit,

at 1east one memory (403) for storing at least one of one or more compuier
programs, data, and instructions,

a control module (401) coupled to the at least one memory (403) and to the
transceiver (405), and operative for receiving, executing, and emitiing data and
instructions, and -

an VO user interface for communication of data with & user and for sending



2. The system (1000) according to claim 1, wherein the second separate
depletable unit (I1) includes a well (206), and wherein the cannula couples
to the well for insertion into the body to provide fluid communication
between the well (206) and the body. 3. The system (1000) accordifgtbt?
claim 1, wherein the second separate dé%f%‘table unit (1) further comprises
a rotatable member (61) for receiving the third unit (HI), said rotatable
member (61) provides fluid communication between the tube (205) and

. cannyla (305). 4. The system (1Q00) ording to claim |, wherein the

R DT ?ﬁsﬂécélgf)ratrga@eucﬁ% é%ﬁé?&yﬁ’tem (1000) according to claim 1,
wherein the first separate reusable unit (1) further comprises a safety
device (}04):,Gnd D& BYH&ETH GO0 AGRAIHING - LRI B WHEFRIRIRE suck »
safety device (104) includes a pressure sensor (1047) monitoring a

pEsE Rat RRPTE tube (205). 7. The system (1000) according to claim 6,
wherein the-piRsRiIH efSeNSEfeoaipssesiapiézoeibetfia:sbnsprtiDdfhote control

uglc%zo'&l'{%ned adjacent the tube (205). -35-MC S LLP The system (1000)
according to claim 1, further comprising a flow sensor. 9. The systui
(1000) accordimgfitesigirmpling ther Sirsthepfiraiegepsiztouti Salsie dhgtsgepnd

CRMPLIZER AR OLMQTS rechargeable batteries (108), the one or more
rechargeable batteries (108) are chargeable by connection to an external

battery charg&er o RGP AsPassFHE Befv(1000) according to
claim 1, whexsirr is supplied to the engine (103) for generating motion for the fluid

trangfer system, and fiuid is transferred from the reservoir (203) to the body.

2. The system (1000} according to claim 1, wherein the second separate depletable
unit (II) includes & well (206), and wherein the cannula couples to the well for insertion

into the body to provide fluid communication between the well (206) and the body.,

3. The system (1000} according to claim 1, wherein the second separate depletable
unit (IT) forther comprises 2 rotatable member (61) for recsiving the third undt (11), said
rotatable member (61) provides fluid communication between the tube (205) and cannula
{303).

4. The system (1000) according to claim 1, wherein the third unit (II1) is a separate
nmit.
5. The system (1000) according to claim 1, wherein the first separate reusable unit

(1) further comprises a safety device (104).

6. The systern {1000) according to claim 5, wherein the safety device (104) includes

a pressure sensor (1047) monitoring a pressure in the tube (2035).

7. The system (1000} according to claim 6, wherein the pressure sensor comprises &

piezociectric sensor (1047) positioned adjacent the tube (205).



the second separate depletable unit (1) includes delivery contacts (2209)
electrically connected to the at least one source of energy (201); the

first separate reusable unit (1) includes receiving contacts (107) connected

to the controller (101); and wherein when the first separate reusablﬁCgLLp
unit (1) is operatively coupled to the secon%iSS'eparate deplctable unit (11),

the delivery contacts (2209) are coupled to the receiving contacts (107) to
deliver power to the first separate reusable unit. 11. The system (1000)

8 acCCorgiRg-a&1aimnae) wherain:ab laash aneahthedeliventconitacts(@209)
and the receiving contacts (107) is spring loaded. 12. The system (1000)
according to claim 1, wherein the first separate reusable part (1) further

9compiisesyaralérHitheduslii®e) clad: Thelsyste thy FOICrpResTEhkeptde unit

'@éﬁﬂpjmi\%fb?{@!ﬁ m&g@éﬁﬂ&%&@é%ﬁﬁ%ﬁ@&'gﬁf hecskinah aeesigdsle

he system (1000) ) according to claim 1, wherein the second
bg@mféf)@émem@ﬂhk@m sHeRL R SRS YT eTaEEsp Y2 # charging
peggeiving the first separate reusable unit (I). 15. The system according to
claim 1, wherein at least the second separate depletable unit (Il) is
releasably adherable to the skin.
10. - The systern (1000) according to claim 1, wherein

the sccond separate depletable unit (I1) includes delivery contacts (2209)
electrically connected to the at least one source of energy (201);

the first separate rensable unit (I) includes receiving contacts {107) connected to
the controller (101); and

wherein when the first separate reusable unit (T) is operatively coupled to the
second separate depletable unit (I1), the delivery contacts (2209) are coupled to the

receiving contacts (107) to deliver power to the fivst separate reusable nnit.

11.  The system {1000) according to claim 10, wherein at least one of the delivery
contacts (2209) and the receiving contacts (107) is spring loaded.

12,  The system (1000) according to claim 1, wherein the first separate rensable part
(D) further comprises an alarm module {106).

13.  The system (1000) according to claim 1, wherein the cannula (303) is insertable to
the skin at any desired angle. '

14.  The system (1000) according to claim 1, wherein the second separate depletable

unit (If) comprises a cradle (28) for releasably receiving the first separate reusable unit

(.

15,  The system according to ¢laim 1, wherein at least the second separate depletable
unit (II) is releasably adherable to the skin.



