(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(29) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
4 July 2013 (04.07.20 13)

=

WIPO | PCT

(10) International Publication Number

WO 2013/097956 Al

w ©2213/@7956 A1 [N H0F V0000 R0 0 O

(51) International Patent Classification: HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
A61M 5/142 (2006.01) A61M 5/14 (2006.01) KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
. N . ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
(21) International Application Number: NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
PCT/EP2012/068105 RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
(22) International Filing Date: ™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
14 September 2012 (14.09.2012) ZM, ZW.
(25) Filing Language: English (84) Designated States (unless otherwise indicated, for every
o ] kind d regional protection available): ARIPO (BW, GH,
(26) Publication Language: English GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, Sz, TZ,
(30) Priority Data: UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
13/338,773 28 December 201 1(28.12.201 1) us TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
(71) Applicant (for all designated Sates except US): PALYON MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
MEDICAL (BVI) LIMITED; c/lo HWR Services Limited, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
P.O. Box 71, Road Town, Tortola (VG). ML, MR, NE, SN, TD, TG).
(72) Inventor; and Declarations under Rule 4.17:
(75) Inventor/Applicant (for US only): STEINBACH, Bernd N .
o i — asto applicant's entitlement to applyfor and be granted a
[DE/DE]; Ginsterweg 20, 61169 Friedberg (DE). patent (Rule 4.17(H))
(74) Agﬂt: 'l\(IAIWALD PATENTAhNWALTS GMBH; Elis 5510 the applicant's entitiement to claim thepriority d the
enhof, Elisengtr. 3, 80335 Munich (DE). earlier application (Rule 4.17(in))
(81) Designated States (unless otherwise indicated, for every Published:
kind d national protection available): AE, AG, AL, AM, o )
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, — Withinternational search report (Art. 21(3))
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(54) Title: VARIABLE FLOW INFUSION PUMP SYSTEM

<X -
YA

=N

807

806

a"‘a “““\“v

|

I

e~ LY

ﬂ 0
/\
R

825 go4b
[ 826b

A
7N

LIS\

AN

A

N

SN

-

S

(57) Abstract: An implantable infusion pump system 2000 is disclosed. The pump system 2000 preferably includes an implantable
pump 2002, 2004 and a programmable module 2016, 2019, 2020. The module 2016, 2018, 2020 may provide for varying flow rates
of fluid being dispensed from the pump 2000 or may provide for a constant flow rate of such fluid. In the case of varying flow rate
capabilities, the module 2016, 2018, 2020 preferably includes one or more sensors 2040, 2042 to determine information relating to
the flow rate, electronics 2080 for analyzing the flow rate information, and a mechanism 2018 for physicaly atering the flow rate. In
certain embodiments, the module 2016, 2018, 2020 includes a hermetically sealed housing 2016. Methods of dispensing a medica-
ment to apatient utilizing such a system 2000 are also disclosed, asare variations of the pump system 2000.
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VARI ABLE FLOW | NFUSI ON PUMP SYSTEM
CROSS REFERENCE TO RELATED APPLI CATI ONS

[ 0001] This application is a continuation of US.  Patent
Application No. 13/338,773, filed Decenber 28, 2011, which is
a continuation-in-part of u. S Pat ent Appli cation No.

12/621, 799, filed on Novenber 19, 2009 (now U S. Patent No.
8,177,750), which is a continuation of US. Patent Application
No. 11/601, 586, filed on Novenber 17, 2006 (now U.S. Pat ent
No. 7,637,892), which is a continuation-in-part of U S. Patent
Application No. 11/125, 586, filed on My 10, 2005 (now U.S.
Patent No. 8,114, 055), U S Patent Application No. 11/126, 101,
filed on May 10, 2005 (now U S. Patent No. 8,211,060) and US.
Patent Application No. 11/157,437, filed on June 21, 2005, the
di scl osures of which are incorporated herein by reference.
BACKGROUND OF THE | NVENTI ON
[ 0002] The pr esent i nvention rel ates to i mpl ant abl e
devi ces, and nore particularly to reduced size inplantable
punps and programmable inplantable punps allowing for variable
flow rates in delivering nedication or other fluid to a

selected site in the human body.

[ 0003] | mpl antable punps have been well known and wdely
utilized for many years. Typical ly, punps of this type are
inplanted into patients who require the delivery of active

substances or nedication fluids to specific areas of their
body. For exanple, patients that are experiencing severe pain
may require painkillers daily or multiple tinmes per day.
Absent the use of an inplantable punp or the like, a patient
of this type wuld be subjected to one or nore painful
injections of such nedication fluids. In the case of pain

associated wth nore renpte areas of the body, such as the

spi ne, t hese i njections may be extremely di fficult to
adm ni st er and particularly pai nf ul for t he patient.
Furt her nor e, attenpting to treat condi tions such as this

through oral or intravascul ar adm ni stration of nedication
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often requires higher doses of nedication and may cause severe
side effects. Therefore, it is wdely recognized that
utilizing an inplantable punp my be beneficial to both a
patient and the treating physician.

[ 0004] Many inplantable punp designs have been proposed.
For exanple, commonly invented U S. Patent No. 4,969,873 ("the
'873 patent"), the disclosure of which is hereby incorporated
by reference herein, teaches one such design. The '873 is an
exanple of a constant flow punp, which typically include a
housing having two chanbers, a first chanber for holding the
specific nedication fluid to be admnistered and a second
chanmber for holding a propellant. A flexible nenbrane nay
separat e the two chanbers such that expansi on of the
propellant in the second chanber pushes the nedication fluid
out of the first chanber. This type of punp also typically
i ncl udes an outlet openi ng connect ed to a catheter for
directing the nedication fluid to the desired area of the
body, a replenishnent opening for allowing for refilling of
nmedi cation fluid into the first chanber and a bolus opening
for allowing the direct introduction of a substance through
the catheter wthout i ntroduction into the first chanber.
Both the replenishnent opening and the bolus opening are
typically covered by a septum that allows a needle or simlar
device to be passed through it, but properly seals the
openi ngs upon renoval of the needle. As punps of this type
provide a constant flow of nedication fluid to the specific
area of the body, they nust be refilled periodically wth a
proper concentration of nedication fluid suited for extended
rel ease .

[ 0005] Although clearly beneficial to patients and doctors
that utilize them one area in whhich such constant flow
i npl antable punps can be inproved, 1is in their overall size.
Typically, such punps require rather bulky outer housings, or
casings, for acconmmodating the aforenentioned nedication and
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propel | ant chanber s, and septa associated therewth. Oten
tinmes, i nplantable punps are linmted to rather snmall areas
within the body. Depending upon the size of the patient for

which the punp is inplanted, this Ilinmted area my be even
further limted. For exanple, a person having snaller body

features, or those containing abnormal anatony, my present a

doct or i npl anti ng a constant flow punp wth sonme added
difficulty. Furt her, patients nmay be wunconfortable having
standard sized constant flow punps inplanted in them Such

punps are often tinmes capable of being felt from the exterior

of the patient.

[ 0006] I nplantable punps nmay also be of the progranmble

type. Punps of this type provide variable flow rates,

typically through the use of a solenoid punp or a peristaltic

punp. In the solenoid punp, the flow rate of nedication fluid
can be controlled by changing the stroke rate of the punp. In
the peristaltic punp, the flow rate can be controlled by
changing the roller wvelocity of the punp. However, both of
these types of progranmable punps require intricate designs
and conplicated controlling nechanisms. As such, it would be
nore desirable to utilize punps having designs similar to the

af orenmentioned constant flow punps.

[ 0007] However, the benefit of providing a variable flow
rate punp cannot be forgotten. Wiile a constant flow of a
nmedi cati on such as a painkiller may indeed be useful in
dulling chronic pain, it is very comon for patients to
experience nore intense pain. At times of this heightened
pain, it would be advantageous to be able to vary the flow
rate of pain killer to provide for nore relief. However,

const ant flow rate punps typically nmay only provide such
relief by allowing for direct injections of painkillers or the
like through the aforenentioned bolus port, which provides

direct access to the affirmed area. VWhile indeed useful, this
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nmet hod anount s to nothing nore than additional pai nf ul

injections, sonething the punp is designed to circunvent.

[ 0008] Therefore, there exists a need for an inplantable
constant flow punp, which allows for a reduced overall size,
as well as an inplantable punp that conbines the sinplistic

design of a constant flow rate type punp and neans for varying
its flow rate, wi t hout reguiring the wuse of the conplex
solutions provided by known programmble punps.

SUWARY OF THE | NVENTI ON

[ 0009] A first aspect of the present invention is a reduced

size inplantable device for dispensing an active substance to

a patient. The inplantable device of a first enbodinment of
this first aspect includes a housing defining an active
substance chanmber in fluid conmunication wth an outlet for

delivering the active substance to a target site within the
patient and a propellant chanber adjacent the active substance
chanber. The i mpl ant abl e devi ce further i ncl udes an
undul ating flexible nenbrane separating the active substance
and propellant chanbers, wherein the active substance chanber
has an undulating surface including a central convex portion
flanked by at least two concave portions, the undul ating
surface cooperating wth the undulating flexible nenbrane.

[ 0010] In accordance with this first enbodi nent of the
first aspect of the present invention, the propellant chanber
may contain a propellant capable of expanding isobarically
where the propellant cooperates with the flexible nmenbrane to
reduce the volume of the active substance chanber upon
expansion of the ©propellant. The cooperating undul ating
surface of the active substance chanber and the undul ating
flexible nenbrane preferably neet upon conplete expansion of
the propellant. The inplantable device may further include a
repl eni shment opening in the housing in fluid comunication
with the active substance chanber, and a first septum sealing

t he opening. The replenishnment opening may be located wthin



WO 2013/097956 PCT/EP2012/068105

the central convex portion of the wundulating surface of the
active substance chanber so as to lower the overall height of
the housing of the inplantable device. Addi tional |y, t he
housing my include two portions being constructed so as to
screw together. The two portions may be constructed of PEEK
The two portions nmay be configured so as to capture the
menbr ane therebetween. Finally, the housing may also include
a locking portion and/or a septum retaining nenber.

[0011] A second enbodi nent of this first aspect of the
pr esent i nvention is yet anot her i npl ant abl e device for
di spensing an active substance to a patient. The inplantable

device according to this second enbodinent includes a housing
defining a chanber and an outlet in fluid conmunication wth
the chanber for delivering the active substance to a target
site within the patient, the housing having a first portion
and a second portion, where the first and second portions are

constructed of PEEK and screwed together.

[0012] A third enbodi nment of this first aspect of the
pr esent i nvention is vyet anot her i npl ant abl e device for
di spensing an active substance to a patient. The inplantable

device according to this third enbodinment includes a housing

including a top portion, a bottom portion and a |ocking
portion. The housing defines a propellant chanmber and an
active substance chanber in fluid comunication with an
outlet. The inplantable device preferably also includes a

menbrane retained between the top and bottom portions, the
nmenbr ane separating the active subst ance and propel | ant

chanber s. In a fully assenbled stated, the top and bottom
portions are preferably pl aced together and the | ocking
portion engages one of the top or bottom portions to retain
the top and bottom portions together.

[0013] A fourth enbodi nent of this first aspect of the
present invention relates to a nethod of assenbling a reduced
size inplantable punp. The nmethod of this enbodi nent includes
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the steps of placing together a top portion and a bottom
portion to retain a nenbrane therebetween, and screwing a
| ocking portion into the top portion or the bottom portion to
retain the top and bottom portions together.

[ 0014] A second aspect of the present invention includes an
i npl antable device for dispensing an active substance to a
patient including a housing defining a chanber, said housing
having an outlet for delivering the active substance to a
t ar get site wthin t he patient, t he outl et in fluid
comruni cation wth the chanber and neans for varying the flow
rate of the active substance between the chanber and the
outlet. The chanber, in accordance with this second aspect of
the present invention, may include an active substance chanber
in fluid comrunication with the outlet and a propellant
chamber, the active substance and propellant chanbers being
separated by a flexible nenbrane. The propellant chanber may
contain a propellant capable of expanding isobarically and
cooperating with the flexible nenbrane to reduce the volune of
the active substance chanber upon expansion of the propellant.
The housing of the inplantable device may include an opening
in fluid comunication wth the active substance chanber and a
first septum sealing the opening. The housing nmay further
include an annular opening in comunication wth the outlet
and a second septum sealing the annular opening.

[ 0015] In a first enbodi nent of this second aspect, the
nmeans for varying the flow rate of the active substance
between the chanmber and the outlet my include an el ongated
pol ymer filament having a cross sectional di nensi on. The
filanment, in accordance wth this enbodinent, is preferably

located in a capillary and is preferably capable of being

el ongated to reduce the cross sectional dinension. In certain
exanpl es, the filanent is located <centrally wthin the
capillary, in others, it is located eccentrically. The

filament my have a wuniform <cross section, a substantially
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circular cross section, non-uniform cross section and the like
along its |I|ength. Further, this first enbodinment nay further
i nclude neans for elongating the filament.

[ 0016] In a second enbodinment of this second aspect, the
nmeans for varying the flow rate of the active substance
between the chanber and the outlet may include a first hollow
cyl i nder having a threaded exterior surface and a second
hol l ow cylinder having a threaded interior surface. The first
hollow cylinder is axially received within the second hollow
cylinder, such that the threaded exterior surface of the first
cylinder engages the threaded interior surface of the second
cyl i nder. In this enbodinent, the axial novenent of the first
cylinder with respect to the second cylinder varies the flow
rate of the active substance.

[0017] In a third enbodinent of this second aspect, the
nmeans for varying the flow rate of the active substance
between the chanber and the outlet nay include a hollow
tubular elenment having a cross section that s capable of
being wvaried. This third enbodi nment may also include a
capillary in fluid conmunication between the chanber and the
outlet, where the tubular elenment is l|ocated therein. The
hol l ow tubular elenment in accordance wth this enbodi mrent nay
be centrally or eccentrically located within the capillary.
[0018] In a fourth enbodinent of this second aspect, the
nmeans for wvarying the flow rate of the active substance
between the chanber and the outlet my include an elongate
insert having a longitudinally varying cross section along its
| engt h. Movenent of this elongate insert may increase or
decrease the flow rate of the active substance.

[0019] A third aspect of the present invention includes an
i npl antable device for dispensing an active substance to a
patient including a housing defining a chanber, said housing
having an outlet for delivering the active substance to a

t ar get site wthin the patient, the outlet in fluid
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comruni cation wth the chanber. The inplantable device also
i ncl udes a capillary in fluid comunication between the
chanber and the outlet, the capillary having an inner surface
and a flow control elenment received within the capillary. The
el ement has an outer surface opposing the inner surface of the
capillary defining therebetween a passageway for the flow of
the active substance therethrough. The outer surface of the
elenment is preferably novable relative to the inner surface of
the capillary to alter the flow of the active substance
t her et hr ough. The novenent of the outer surface of the
elenment nay alter the shape and/or size of the passageway.

[ 0020] In a first enbodi nent of this third aspect, the
nmeans for varying the flow rate of +the active substance
between the chanber and the outlet nay include an elongated
pol ymer fil anent having a cross sectional di mensi on. The
filanment, in accordance wth this enbodi nent, is preferably

located in a capillary and is preferably capable of being

elongated to reduce the cross sectional dinension. In certain
exanpl es, the filament is located centrally within the
capillary, in others, it is located eccentrically. The

filanent my have a uniform cross section, a substantially
circular cross section, non-uniform cross section and the Ilike
along its |Iength. Further, this first enbodinment nay further
i ncl ude neans for elongating the filanent.

[ 0021] In a second enbodinent of this third aspect, the
nmeans for wvarying the flow rate of the active substance
between the chanber and the outlet nay include a first hollow
cyl i nder having a threaded exterior surface and a second
hollow cylinder having a threaded interior surface. The first
hollow cylinder is axially received within the second hollow
cylinder, such that the threaded exterior surface of the first
cylinder engages the threaded interior surface of the second

cyl i nder. In this enbodinent, the axial npvenent of the first
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cylinder with respect to the second cylinder varies the flow
rate of the active substance.

[0022] In a third enbodi nent of this third aspect, the
means for varying the flow rate of the active substance
between the chanber and the outlet my include a hollow
tubular elenent having a cross section that is capable of
bei ng vari ed. This third enbodi ment may also include a
capillary in fluid communication between the chanber and the
outlet, where the tubular elenment is l|located therein. The
hol  ow tubular elenment in accordance wth this enbodinment my
be centrally or eccentrically located within the capillary.

[ 0023] In a fourth enbodi nment of this third aspect, the
means for varying the flow rate of the active substance
between the chanber and the outlet nmay include an elongate
insert having a longitudinally varying cross section along its
| engt h. Moverment of this elongate insert may increase or
decrease the flow rate of the active substance.

[ 0024] A fourth aspect of the present invention includes a
resistor for varying the flow rate of a fluid from a first
point to a second point including a capillary having an inner
surface and a flow control el ement received with the
capillary. The elenment has an outer surface opposing the
inner surface of the <capillary such that a passageway is
defined for the flow of fluid therethrough. The outer surface
of the element is preferably noveable relative to the inner
surface of the <capillary to alter the flow of the fluid
t her et hr ough. The novenent of the outer surface of the
element may alter the shape and/or size of the passageway. It
is noted that this aspect may be utilized in conjunction wth
an inplantable device such as an inplantable punp for
del i vering a nmedi cament to a site wthin a patient.

Enbodi nents in accordance wth the third aspect may be simlar
to those discussed above in relation to the first and second

aspects of the present invention.
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[ 0025] A fifth aspect of the present invention includes a
method of varying the flow rate of an active substance being
di spensed to a patient. This method includes the steps of
providing an inplantable device including a capillary having
an inner surface and a flow control elenent received wthin
the capillary. The elenent preferably has an outer surface
opposing the inner surface of the <capillary such that a
passageway for the flow of the active substance therethrough
is defined therebetween for dispensing the active substance to
a target site within a patient. Further the nethod includes
the step of noving the elenment relative to the inner surface
of the capillary to alter the flow rate of the active
subst ance therethrough. This noving step may alter the size

and/ or shape of the passageway.

[ 0026] Yet another aspect of the present invention is an
inpl antable infusion punp system for dispensing an active
substance at one or varying flow rates to a patient. The

system may include a constant flow punp having a housing
defining an active substance chanber, an outlet duct, and an
upper surface; and a renovable nodule having a bottom surface
contacting the upper surface of the constant flow punp, such
that the nodule facilitates fluid conmunication between the
active substance chanber and the outlet duct.

[0027] Yet another aspect of the present invention is a
method of inplanting an infusion punp. The nmethod may include
the steps of determning the need for a variable or constant

flow infusion punp, sel ecti ng, based upon the determ ning
step, a punp housing and a nodule, the npdule selected from a
variable flow nodule and a constant flow nodule, engaging a
bottom surface of the mpdule wth an upper surface of the
housing to construct the infusion punp, such that t he
restrictor nodule is in fluid communication wth the housing,

and inplanting the infusion punp in the body of a patient.

-10-
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[ 0028] Yet another aspect of the present invention is an
i mpl antable infusion punp for dispensing an active substance
at varying flow rates to a patient. The punp may include a
constant flow punp having a housing defining an upper surface,

an active substance chanber, a propellant chanber separated
from the active substance chamber by a first fl exible

menbr ane, an outlet duct having a catheter attached thereto,

an exit openi ng in fluid conmunication with the active
subst ance chamber and a entrance openi ng in fluid
communication wth the outlet duct. The punp may also include

a renovable nodule including a bottom surface contacting the
upper surface of the constant flow punp, an entry formed in
the bottom surface in fluid conmunication with the exit
opening of the housing, an exit in fluid conmunication wth
the entrance opening of the housing, a needle portion having a
longitudinally varying cross section along its length disposed
within a valve body, means for longitudinally noving the
needle portion within the valve body, a fixed flow restrictor
in fluid conmunication between the entry of the nodule and the
valve body of the nodule, and first and second pressure
sensors located on either side of the fixed flow restrictor.
Preferably, during operation of the punmp system a fluid
dispelled from the active substance chanber by a force from
the propellant chanber passes through the exit opening of the
housing, through the entry of the nodule, into contact wth
the first pressure sensor, through the fixed flow restrictor,
into contact wth the second pressure sensor, through the
valve body of the nodule, through the exit of the nodule,
through the entrance opening of the housing, t hrough the
outlet duct, and through the catheter.

[ 0029] Yet another aspect of the present invention is a
nmethod of nonitoring the anmount of nmedicanent dispensed from
an inplantable i nfusion punp. In accordance with one

enbodi mrent of this aspect, the nmethod includes the steps of

-11-
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provi di ng a punp having the nedicanent di sposed housed
therein, dispensing at |east some of the nedicanent from the
punp at varying actual flow rates, neasuring the actual flow
rate of the nedicament from the punp at least two different
times, storing information relating to the actual flow rate
and calculating the overall anmount of nmedicanment di spensed

based upon the information relating to the flow rate.

[ 0030] Anot her aspect of the present i nvention is a
programmable nodule for use with an inplantable punp including
a hermeti ¢ housing having a conpletely sealed interior, the
interior including a first pressure sensor, a second pressure
sensor, an actuation nechani sm and an interface in contact
with the actuation nechanism and a valve wunit including a
valve in contact with the interface. In other enbodinments of

this aspect, the hernmetic housing includes an upper portion, a

| ower portion, and a bracket. The valve unit may be disposed
within a recess formed by the Dbracket. The actuation
mechanism wmy include a notor and an offset cam The

interface may include a flexible nmenbrane, where operation of
the nmotor and offset cam causes the flexible nenbrane to flex.

The valve may be a double sided needle valve, and the flexing
of the flexible nenbrane causes translation of a stem of the
double sided needle valve. The hernmetic housing may be
constructed of a netallic material, including titanium The
valve unit may be constructed of a polyneric materi al,

i ncluding PEEK Portions of the first and second pressure
sensors may extend out of the hermetic housing, where the
portion of the second pressure sensors extending out of the
hernetic housing is in fluid conmmnication wth the valve
uni t. The valve unit may further include first, second, and
third openings, where one of the openings is in comunication

with the second pressure sensor. The interior may further
i ncl ude at | east one  battery and a circuit board in

conmuni cati on with the battery and the first and second

_12_
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pressure sensors. The hernmetic housing may include a duct
formed therethrough. A kit may also be provided including the
programuabl e nodule discussed above coupled with a constant

fl ow punp.

[0031] Yet another aspect of the present invention is a
programmabl e punp system for dispensing an active substance at
varying flow rates to a patient including a punp having an
upper surface, an active substance chanber, a first opening in
fluid communication wth the active substance chanber and a
second opening in fluid comunication wth a catheter, a
hermetic housing attached to the punmp including a first
pressure sensor in fluid conmmunication with the active
subst ance chanber, a second pressure sensor, and an actuator

and a valve wunit attached to the punp housing including a
third opening in fluid comunication wth the first opening, a
fourth opening in fluid communication with the second opening,

a fifth opening in fluid communication wth the second
pressure sensor, a valve body, a valve stem disposed wthin
the valve body and in contact wth the actuator. In other
enbodi nents of this aspect, the punp may further include a
propel l ant chanber separated from the active substance chanber

by a first flexible nenbrane. The valve my have a
longitudinally varying cross section along its |I|ength. The
hermetic housing is conpletely sealed. During operation of

the punp, a fluid dispelled from the active substance chanber
may pass through the first opening, through the third opening,

through the valve body of the nodule, through the fourth
opening of the valve wunit, through the second opening of the
housi ng, and through the catheter. The punp housing may
further include a sixth opening in fluid comunication wth
the active substance chanber, and fluid dispelled from the
active substance chanber passes through the sixth opening and
into contact with the first pressure sensor. The valve unit

may further include a seventh opening in fluid conmunication

-13-
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with the second pressure sensor. The punp may further include
a fixed flow resistor, where the fixed flow resistor includes
a capillary. Fluid dispelled from the active substance
chanber may pass through the fixed flow resistor prior to
passing through the first opening. A cap may be attached to
the punp to cover the hernetic housing and the valve wunit.
The actuator my include a notor and an offset cam The
hernetic housing nmay further include an interface in contact
with the actuator. The interface nmay be a flexible nenbrane
where operation of the notor and of fset cam causes the
flexible nenbrane to flex, the flexing causing the valve to
transl ate. The hernetic housing may further include a
processor chip capable of processing pressure information from
the first and second pressure sensors. The hernetic housing
may further include an electronic circuit board, the processor
chip being nmunted on the electronic circuit board. An
ant enna may be provi ded for receiving i nformation
representative of a desired flow rate from an outside source.
The antenna nmay be nounted on the valve unit.

[0032] A further aspect of the present invention is a method
of refilling an inplantable punp including inserting a refill
device into the inplantable punp, transferring a fluid from
the refill device to the inplantable punp and nonitoring a
pressure within the inplantable punp, the pressure increasing
upon transfer of the fluid from the refill device to the
i npl antabl e punp. The inserting step may include utilizing a
needle and the transferring step includes injecting the fluid
from the needle. The method may further include the step of
piercing a septum with the needle. The nonitoring step may
include receiving a pressure reading from a pressure sensor

within the punp, and the nonitoring step may be conducted

w rel essly. The transferring and nonitoring steps may be
conduct ed si mul t aneousl vy, and the transferring step may
include filling a nedication chanber of the punp. The
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pressure may be nonitored within the medication chanber, where
a maxi mum pressure within the nedication chanber is achieved

upon conpletion of the refilling nethod. The method nay
further include the step of removing the refill device.

BRI EF DESCRI PTI ON OF THE DRAW NGS

[ 0033] A nore conplete appreciation of the subject natter

of the present invention and the various advantages thereof
can be realized by reference to the followng detailed
description in which reference is nmade to the acconpanying
drawi ngs i n which:

[ 0034] Figure 1 is a cross sectional front view of a
reduced size i mpl ant abl e punp in accordance with one
enbodi nent of the present invention.

[ 0035] Figure 2 is a cross sectional bottom view of a
portion of the reduced sized inplantable punp shown in Figure
1.

[ 0036] Figure 3 is an enlarged view of an attachment area
of the punp shown in Figure 1.

[ 0037] Figure 4 is a cross section front view of a reduced
size inplantable punp in accordance w th another enbodi nent of
the present invention.

[ 0038] Figure 5 is a cross section front view of a reduced
size inplantable punp in accordance w th another enbodi nent of
the present invention.

[ 0039] Figure 6 is a cross section front view of a reduced
size inplantable punp in accordance w th another enbodi nent of
the present invention.

[ 0040] Figure 7 is a cross sectional front view of an
i npl antable constant flow punp for use in accordance with the
present invention.

[ 0041] Figure 8 is a cross sectional front view of another
i npl antable constant flow punp for use in accordance with the

present invention.
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[ 0042] Figure 9 is a cross sectional view of a variable
flow resistor in accordance wth a first enbodinment of the
present invention having a filanent |ocated concentrically in
a capillary.

[ 0043] Figure 10a is a longitudinal cross sectional view of
the variable flow resistor of Figure 9, in an initial
position .

[ 0044] Figure 10b is a longitudinal cross sectional view of
the wvariable flow resistor of Figure 10a, in an extended
position .

[ 0045] Figure 1la is a cross sectional view of a variable
flow resistor of the present invention having a filanent
| ocated eccentrically in a capillary.

[ 0046] Figure lib is a longitudinal cross sectional view of
the variable flow resistor of Figure 11la, depicting the
curvature of the capillary.

[ 0047] Figure 12a is a longitudinal cross sectional view of
the wvariable flow resistor of Figure 11a, in an initial
position .

[ 0048] Figure 12b is a longitudinal cross sectional view of
the wvariable flow resistor of Figure 12a, in an extended
position .

[ 0049] Figure 13 is a longitudinal cross sectional view of
another variable flow resistor in accordance wth the present
i nvention .

[ 0050] Figure 14 is a longitudinal cross sectional view of
another variable flow resistor in accordance wth the present
i nvention .

[ 0051] Figure 15 is a cross sectional view of the driving
assenbly for use with the flow resistor of Figure 14
[ 0052] Figure 16 is a cross sectional view of a variable
flow resistor in accordance wth a second enbodinent of the
present invention in a high resistance position.
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[ 0053] Figure 17 is a cross sectional view of the variable
flow resistor of Figure 16 in a low resistance position.

[ 0054] Figure 18 is a cross sectional view of a variable
flow resistor in accordance with a third enbodinment of the
present invention with an insert centrally |ocated.

[ 0055] Figure 19 is a cross sectional view of a variable
flow resistor in accordance with a third enbodinment of the
present invention with an insert eccentrically |ocated.

[ 0056] Figure 20 is a longitudinal cross sectional view of
the variable flow resistor of Figure 18.

[ 0057] Figure 21 is a cross sectional view of the |Ilarger

end of a variable flow resistor in accordance with a fourth
enbodi nrent of the present invention with an insert centrally
| ocat ed .

[ 0058] Figure 22 is a cross sectional view of the |Ilarger

end of a variable flow resistor in accordance with a fourth
enbodi nment of t he pr esent i nvention with an i nsert

eccentrically |ocated.

[ 0059] Figure 23 is a longitudinal cross sectional view of
the variable flow resistor of Figure 21.

[ 0060] Figure 24 is a longitudinal cross sectional view of
the variable flow resistor of Figure 22.

[ 0061] Figure 25 is a cross sectional view of a variable
flow resistor in accordance wth a fifth enbodinment of the
present invention with an insert centrally |ocated

[ 0062] Figure 26 is a cross sectional view of a variable
flow resistor in accordance wth a fifth enbodinment of the
present invention with an insert eccentrically |ocated

[ 0063] Figure 27 is a longitudinal cross sectional view of
the variable flow resistor of Figure 25.

[ 0064] Figure 28 is a longitudinal cross sectional view of

the variable flow resistor of Figure 25.
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[ 0065] Figure 29 is a cross secti onal view of an
i npl antable punp in accordance wth another enbodinent of the
present invention. '
[ 0066] Figure 30 is a cross sectional view of the
i npl antable punp shown in Figure 29, taken along a different
portion thereof.

[ 0067] Figure 31 is a partial top view of the inplantable
punp shown in Figure 29.

[ 0068] Figure 32 is a top perspective view of another
enbodi ment i npl antable punp of the present invention.

[ 0069] Figure 33 is a cross sectional view of the punp
depicted in Figure 32.

[ 0070] Figure 34 is another <cross sectional view of the
punp depicted in Figure 32.

[0071] Figure 35 is top perspective view of the punp
depicted in Figure 32, with a first enbodinent variable flow
nodul e attached thereto.

[0072] Figure 36 is a cross sectional view of the punp and
nodul e depicted in Figure 35.

[ 0073] Figure 37 is another <cross sectional view of the
punp and nodul e depicted in Figure 35.

[ 0074] Figure 38A is a top cross sectional view of the punp
and nodul e depicted in Figure 35.

[ 0075] Figure 38B is an enlarged top view of a differently
configured offset cam or extension for inparting novenent to a
val ve .

[ 0076] Figure 39a and 39b are cross sectional views of a

valve utilized in the nodule of Figure 35.

[0077] Figure 40 is a top perspective view of the punp and
nodul e of Figure 35 wth certain portions of the nodul e being
transparent or renoved for illustrative purposes.

[ 0078] Figure 41 is a side perspective view of the punp and

nodul e of Figure 35 wth certain portion of the nodule being

removed for illustrative purposes.
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[0079] Figure 42 another cross sectional view of the punp

and nodul e of Figure 35.

[ 0080] Figure 43 is an enlarged version of Figure 42, wth
certain portions shown as transparent for illustrative
pur poses .

[ 0081] Figure 44 is a top perspective exploded view of the

punp and nodul e of Figure 35.
[ 0082] Figure 45 is a bottom perspective exploded view of
the punp and nodule of Figure 35.

[ 0083] Figure 46 is a top perspective view of the punp and
nodul e of Figure 46 with certain portions of the nodule being
renoved for illustrative purposes.

[ 0084] Figure 47 is a top view of the punp and nodule of

Figure 46 with attention to an electronic board of the nodule.

[ 0085] Figure 48 is an illustration of the electronic board
of Figure 46.

[ 0086] Figure 49A is a block diagram illustrating the
general operation of the punp and nodule of Figure 35 in
conjunction with a PC

[ 0087] Figure 49B is another block diagram illustrating the
general operation of the punp and nmodule of Figure 35 in
conjunction with a handheld device.

[ 0088] Figure 50 is a perspective view of a constant flow
nodul e for use with an inplantable punp.

[ 0089] Figure 51 is a perspective view of the constant flow
nodul e of Figure 50 connected to the punp of Figure 32.

[ 0090] Figure 52 is a top perspective view of another

enbodi ment i nplantable punp of the present invention.

[ 0091] Figure 53 is a side view of the punp of Figure 52.
[0092] Figure 54 is a side view of the punp of Figure 52.

[ 0093] Figure 55 is a rear view of the punp of Figure 52

[ 0094] Figure 56 is a front view of the punp of Figure 52.
[ 0095] Figure 57 is a top view of the punp of Figure 52

[ 0096] Figure 58 is a bottom view of the punp of Figure 52.
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[ 0097] Figure 59 is a perspective view of the punp of
Figure 52, with a cover renoved therefrom

[ 0098] Figure 60 is a perspective view of the progranmble
nodul e of the punp of Figure 52.

[ 0099] Figure 61 is a top view of the progranmable nodule
of Figure 60.

[ 0100] Figure 62 is a bottom view of the progranmble
nodul e of Figure 60.

[0101] Figure 63 is a perspective view of a hernetic

housi ng of the progranmabl e nodule of Figure 60.

[0102] Figure 64 is a top view of the hernetic housing of
Fi gure 63.
[ 0103] Figure 65 is a bottom view of the hernetic housing

of Figure 63.

[ 0104] Figure 66 is a top perspective view of an upper
housi ng portion of the hernetic housing of Figure 63.

[ 0105] Figure 67 is a bottom perspective view of the upper
housi ng portion of Figure 66. '

[ 0106] Figure 68 is a top perspective view of a |ower
housi ng portion of the hernetic housing of Figure 63.

[0107] Figure 69 is a bottom perspective view of the | ower
housi ng portion of Figure &68.

[ 0108] Figure 70 is a perspective view of a bracket of the
herneti c housing of Figure 63.

[0109] Figure 71 is a perspective view of the hernetic
housing of Figure 63, wth the upper housing portion and the
bracket renoved therefrom

[0110] Figure 71A is an exploded perspective view of a
notor, eccentric gear or cam and ball bearing arrangenent.
[0111] Figure 71B is an exploded perspective view of a
not or and notor adjustnent plate assenbly.

[0112] Figure 72 is a simlar view to that of Figure 71,
with additional conponents renoved from the hernetic housing

of Figure 63.
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[0113] Figure 73 is a top perspective view of a valve unit
of the programmble nodule of Figure 60.

[0114] Figure 74 is a front perspective view of the valve
unit of Figure 73.

[ 0115] Figure 75 is a side perspective view of the valve
~unit of Figure 73.

[0116] Figure 76 is a rear perspective view of the valve
unit of Figure 73.

[0117] Figure 77 is a top view of the valve unit of Figure
73.
[0118] Figure 78 is another side perspective view of the

valve unit of Figure 73.

[0119] Figure 79 is a bottom view of the valve unit of
Fi gure 73.
[0120] Figure 80A is a simlar view of the valve unit to

that of Figure 73, but with certain portions shown in
t ranspar ent

[0121] Figure 80B is a simlar view of the valve unit to
that of Figure 77, but with certain portions shown in
t ranspar ent

[0122] Figure 80C is a simlar view of the valve unit to
that of Figure 79, but wth certain portions shown in
t ranspar ent

[0123] Figure 81A is a perspective view of a double-sided
valve of the valve unit of Figure 73.

[ 0124] Fi gure 818 is an exploded view of the double-sided
valve of Figure 81A shown in conjunction wth other portions

of the valve unit.

[ 0125] Figure 82 perspective view of the punp of Figure 52,
with the cover and programmable nodule renoved therefrom

[0126] Figure 83 is a top view of the construct of Figure
82.

[0127] Figure 84 is a perspective view of the construct of

Figure 82, with an upper portion renoved therefrom
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[ 0128] Figure 85 is a perspective view of the construct of
Figure 82, with a lower portion renoved therefrom

[0129] Figure 86 is a cross-sectional view of the construct
of Figure 85 taken along line A-A

[0130] Figure 87 is a cross-sectional view of the construct
of Figure 85 taken along line B-B.

[0131] Figure 88 is a cross-sectional view of the punmp of
Figure 52 taken along line CC

[0132] Figure 89 is a cross-sectional view of the punmp of
Figure 52 taken along line DD

[ 0133] Figure 90 is an exploded view of the construct shown
in Figure 82.

[0134] Figure 91 is an exploded view of a propellant bag
construct according to the present invention.

DETAI LED DESCRI PTI ON

[ 0135] In describing the preferred enbodi ment s of the
subject matter illustrated and to be described with respect to
the drawi ngs, specific termnology wll be used for the sake
of «clarity. However , the invention 1is not intended to be

l[imted to any specific terns wused herein, and it is to be
understood that each specific term includes all technical
equi valents which operate in a simlar mnner to acconplish a
sim lar purpose.

[ 0136] Referring to the drawings, wherein like reference

nunerals refer to like elements, there is shown in Figures 1

and 2, in accordance wth various enbodinents of the present
i nventi on, a reduced si ze i mpl ant abl e punp desi gnat ed
general |l y by reference nuner al 1010. In a preferred

enbodi ment , punp 1010 is a constant flow punp including a
housing 1012, which further defines an interior having two
chanmbers 1014 and 1016. Chanmbers 1014 and 1016 are preferably

separated by a flexible nenbrane 1018. It is noted that
menbrane 1018 may be of any design known in the art, for
example, a nmenbrane like that disclosed in comonly owned U.S.
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Pat ent No. 5, 814, 019, the disclosure of which is hereby
incorporated by reference herein. In a preferred enbodinment,
chamber 1014 is designed and configured to receive and house

an active substance such as a nedication fluid for the relief

of pai n, t reat ment of spasticity and neur o- nechani cal

deficiencies and the adm nistration of chenot her apy, whi | e
chanber 1016 may contain a pr opel | ant t hat expands
i sobarically under const ant body heat. This expansion

di spl aces nenber 1018 such that the nedication fluid housed in
chanmber 1014 is dispensed into the body of the patient through
an outlet catheter 1015 (best shown in Figure 2).

[0137] The design and configuration of housing 1012 is such
that manufacturing and assenbly of punp 1010 is relatively
easy. Housing 1012 further includes separately manufactured

top portion 1020, bottom portion 1022 and [|ocking portion
1024. It is noted that in certain preferred enbodinents,

housing 1012 defines a substantially circul ar punp  1010.

However, the housing may ultimately be a punp of any shape.

In addition to the above described elenments, punp 1010 also
preferably includes replenishnent port 1026 covered by a first
septum 1028 that is in fluid conmunication wth chanber 1014
through a channel 1029, an annular ring bolus port 1030

covered by a second septum 1032, and barium filled silicone o-

ring 1033. Each of these elenments wll be discussed further
bel ow .
[ 0138] Referring to both Figures 1 and 2, where Figure 2 is

a cross sectional bottom view of locking portion 1024, the
flow path of a medication fluid contained wthin chanber 1014
i's shown. Upon the expansion of propellant contained wthin
pr opel | ant chanber 1016 and the necessary displacenent of
menbr ane | 1018, fluid contained in chanber 1014 is forced
through an opening 1049 and into a cavity 1046, which wll be
further described bel ow. As shown in Figure 2, cavity 1046

extends in a circular fashion around punp 1010. Once in
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cavity 1046, the fluid nmay enter at any point along the length
of a filter capillary 1072. Essentially, filter capillary
1072 is a well known type filter that allows for fluid to
enter into its inner fluid path through perrmutation or the
like. Thus, once a certain amount of fluid builds up wthin
cavity 1046, it is capable of entering into filter 1072. Thi s
filter is preferably fixed and sealed in position by drops of
glue or other adhesive located at 1070 and 1074. The fluid
then travels through filter capillary 1072 until it exits into
a resistor 1076. This resistor is preferably a long tube
having a relatively snmall dianeter, so as to dictate the
maxi mum flow rate that may be achi eved therethrough. In other
words, ‘the snmaller the diameter of resistor 1076, the slower
the flow rate of fluid traveling therethrough. Nevert hel ess,
as nore fully discussed bel ow, resi stor 1076 may be many
different types of designs. The fluid within resistor 1076
then continues to an opening 1078 for a bridge 1080, which
essentially allows resistor 1076 to cross over bolus port
1030. Thereafter, the fluid nmay continue through resistor
1076 and wultinmately out catheter 1015. Epoxy or another
suitable adhesive or sealant nay be utilized to seal end 1070,
end 1074 and opening 1078. Thus, fluid in cavity 1046 my
only follow the path outlined above.

[0139] It is noted that Figure 2 also depi Cts the flow path
that fluid introduced through a bolus injection my take.
Fluid may be injected into bolus port 1030 through the use of
a device suitable for piercing septum 1032, such as a nheedle.
Once in port 1030, which extends around punp 1010, fluid may
enter a channel 1082. This channel extends at l|east partially
around the above nentioned bri dge 1080, and allows fluid
injected into bolus port 1030 to ultinately exit catheter 1015
wi thout passing through any portion of resistor 1076. As
showmn in Figure 2, regardless of the path the fluid takes, it

ultimately ends up in a passage 1084 just prior to catheter

-4 -



WO 2013/097956 PCT/EP2012/068105

1015. Thus, fluid coming from chanber 1014 nmay have one flow
rate, while fluid directly injected into port 1030 may have a
different flow rate, the latter preferably being greater.

[ 0140] The assenbly of punp 1010 will now be discussed. It
is noted that each of the individual el ement s/ conponent s of
punmp 1010 may be individually rmanufactured and thereafter
assenbled by hand or by another process, such as an automted
process. As an initial step, top portion 1020 and bottom
portion 1022 are placed or sandw ched together so as to
capture nmenbrane 1018 therebetween in an attachnent area 1034
for fixably retaining sane. As nmore clearly shown in the
enlarged view of Figure 3, attachment area 1034 conprises a
projection 1036 located on bottom portion 1022, a depression
1038 located on top portion 1020, and a cavity 1040 forned
through the cooperation of the two portions. In operation,
the step of sandwi ching together portions 1020 and 1022, with
menbrane 1018 di sposed therebetween, causes projection 1036 to
be forced into depression 1038. The portion of nenbrane 1018
di sposed therebetween is thus also forced into depression 1038
by projection 1036. This causes a crinp-like connection,
which fixably attaches and retains nenbrane 1018 within
housi ng 1012. As shown in Figure 3, nenbrane 1018 nmy consi st
of multiple |ayers, of which all are preferably "crinped"
during the attachment process. Prior to pressing together
portions 1020 and 1022, a layer of epoxy or other adhesive nay
be inserted into cavity 1040. In such enbodi ments that enploy
the use of an adhesive, the design may cause portions 1020 and
1022 to become fixably attached to one another upon the
sandwi ching of sane. Further, the use of an adhesive wthin
cavity 1040 may also aid in the fixation of nenbrane 1018
between the two portions. The epoxy or other adhesive my be
placed into the cavity portion forned on either portion 1020

or portion 1022, prior to the sandw ching step.
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[0141] Prior or subsequent to the assenbly of top portion
1020 together wth bottom portion 1022, o-ring 1033 or the
like may be placed into a ring-shaped cavity forned in top
portion 1022. In certain preferred enbodinments, o-ring 1033
is a barium filled silicone o-ring, and is disposed around the
area defining replenishment port 1026. Such an o-ring design
allows for the area defining replenishnment port 1026 to be
illumnated wunder certain scanning processes, such as X-rays.

As punp 1010 is inplanted within the human body, |ocating port

1026, in order to refill the punp w th nedicanment or the Iike,
my be difficult. Providing a barium filled o-ring 1033,
which essentially outlines the area of port 1026, allows for a
doctor to easily locate the desired area under well known
scanni ng processes. QG her structures my be utilized, in
which same also show up on different scans. The placenent of

o-ring 1033 is preferably acconplished by pressing the o-ring
into an under si zed channel t hat retains t he o-ring,
t hereafter

[0142] Wth o-ring 1033 preferably in place, | ocki ng
portion 1024 is next attached to the other portions. It is
noted that prior to attaching portion 1024, first septum 1028
should be inserted into locking portion 1024. Preferably,
first septum 1028 is slid into a conplinmentary cavity formned
in portion 1024, such that it remains wthin absent a force
acting upon sane. As first septum 1028 is designed to be
captured between |locking portion 1024 and top portion 1020,
the septum should be placed prior to the attachnent of | ocking
portion 1024. In addition, as nentioned above, | ocki ng
portion 1024 my include a second septum 1032 for covering
bolus port 1030. In certain preferred enbodinents, as shown
in Figure 1, second septum 1032 is ring shaped, and is pressed
into locking portion 1024 in a sinmlar fashion to that

di scussed above with relation to the placenent of o-ring 1033.
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This may be done prior or subsequent to the attachnent of
| ocking portion 1024 to the other portions.

[0143] Wth regard to the attachnment step, |ocking portion
1024 preferably includes a threaded area 1042 for cooperating
with a threaded extension 1044. In operation, |ocking portion

1024 is nerely screwed into engagenment wth bottom portion

1022. This necessarily causes top portion 1020, which is
di sposed between the two other portions, to be retained
t her ebet ween. In other words, the screw attachment of | ocking

portion 1024 with bottom portion 1022 not only causes such
portions to be fixably attached +to one another, but also
causes top portion 1020 to be fixably retained therebetween.

It is noted that, depending upon how tight |ocking portion
1024 is screwed into 1022, portions 1020 and 1022 nmy be

further pressed together, thereby increasing the fixation of

menbrane 1018 therebetween. Thus, punp 1010 is designed so
that minimal connection steps are perforned in order to cause
all of the conmponents thereof to be retained together. It is
further noted that, in addition to the above discussed screw

connection of portions 1022 and 1024, other attachnment nmeans
may be utilized. For exanple, such portions may be shap fit
together or fixed wutilizing an adhesive. Finally, 1ocking
portion 1024 may be configured so as to form cavity 1046
between itself and top portion 1020. This cavity my be
designed so as to allow for the injection of adhesive therein,
thus increasing the level of fixation between the different
portions of housing 1012. Additionally, cavity 1046 nay house

a flow resistor or the like, as wll be nmore fully discussed
bel ow .
[ 0144] As set forth above, pump 1010 is configured and

dinmensioned to be relatively sinplistic in both nanufacture
and assenbly. However , punmp 1010 is also configured and
dimensioned so as to enploy a significantly reduced overall

size, while still providing for a useful anount of nedicanment
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and propel |l ant to be housed therein. In the preferred
enbodi nents depicted in the figures, top portion 1020 of punp
1010 includes an interior surface 1047 having an undulating or
convol uted shape. More particularly, surface 1047 includes a
convex central portion flanked by two concave portions. Thi s
configuration allows for the centrally |[|ocated replenishnent

port 1026 and cooperating septum 1028 to be situated in a
| ower position with respect to the remminder of punp 1010. At
the same time, the aforenentioned flanking concave portions
allow for the overall volune of chanbers 1014 and 1016 to
remain substantially the sane as a punp enploying an interior
surface having one constant concave portion or the |Iike. In
other words, the flanking concave portions nmke up for the
volunme lost in situating port 1026 and cooperating septum 1028
in a lower position. Menbr ane 1018 is also preferably

configured so as to have an initial undul ating shape for

cooperation with interior surface 1047. Thus, with no
medi canent or other fluid |ocated within chanber 1014,
menbrane 1018 preferably rests against surface 1047. However,

upon injection of fluid into chanber 1014, nmenbrane 1018
adapts to the position shown in Figure 1.

[ 0145] Figure 4 depicts another reduced sized inplantable
punp designated by reference nuneral 1110. As shown in the

figure, punp 1110 includes several elenments which are simlar

in structure and function to that of punp 1010. These
elements are labeled with l|ike references nunerals wthin the
1100 series of nunbers. For exanple, nenbrane 1118 is sinilar
to the above described nenbrane 1018. In addition, punp 1110
oper at es in a simlar fashi on to that of punp 1010.
Nevert hel ess, punp 1110 does i ncl ude certain addi ti onal
el enent s, as wel | as el enent s enpl oyi ng di fferent
constructions. Most notably, punp 1110 includes an additional
conmponent, nanely septum retaining nenber 1125. This menber

is preferably adapted to be screwed into top portion 1120.
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Punp 1110 also includes a bottom o-ring 1150, but does not

include a barium filled o-ring.

[0146] The assenbly of punp 1110 also differs from that of
punmp 1010. As briefly nentioned above, initially, septum
retaining nenber 1125 is first screwed into top portion 1120
in order to retain previously placed septum 1128 in place.

Li ke the above described assenbly of punp 1010, the assenbly
of punmp 1110 then includes the step of sandw ching together

portions 1120 and 1122, where nenbrane 1118 is |ikew se
captured therebetween in attachnent area 1134. However, in
this enbodinent, locking portion 1124 is adapted to engage top

portion 1120, so that it is positioned on the bottom side of
punmp 1110. As shown in Figure 4, top portion 1120 includes a
threaded extension 1152 to cooperate and engage wth threaded
area 1142 of locking portion 1124, The screw connection
between the two portions is simlarly achieved. However,
bottom o-ring 1150 is preferably situated between | ocking
portion 1124 and bottom portion 1122. This o-ring both
increases the force exerted on bottom portion 1122 by | ocking
portion 1124, and also causes housing 1112 to retain a snooth
exterior surface. The latter is inportant in inplanting the
pump within a patient, as rough or jagged surfaces may cause
damage to tissue abutting the punp. Finally, it is noted that
second septum 1132 nay be pressed into top portion 1120, at
any point during the assenbly.

[0147] Figure 5 depicts another reduced sized inplantable
punp designated by reference nuneral 1210. As shown in that
figure, punp 1210 includes several elenments which are simlar
in structure and function to that of punps 1010 and 1110.
Once again, these elenents are labeled wth 1like reference
numerals wthin the 1200 series of nunbers. Nevert hel ess,
punp 1210 does include certain additional elenents, as well as
el ements enploying different constructions. For exanple, Ilike
punmp 1110, punp 1210 includes a septum retaining nenber 1225.
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Simlarly, |like punp 1010, punp 1210 utilizes a top nounting
| ocki ng portion 1224, al t hough it has a di fferent
construction

[0148] The assenmbly of punp 1210 differs from that of the
above discussed punps 1010 and 1110. Li ke punp 1110, septum
retaining nenber 1225 is first screwed into top portion 1220
in order to retain previously placed septum 1228 in place.
Next , portions 1120 and 1222 are sandw ched together, t hus
capturing menber 1218 within attachnent 1234. Fi nal |y,
locking portion 1224 is screwed into engagenent wth bottom
portion 1222. Li ke the design of punp 1010, |ocking portion
1224 includes a threaded area 1242 which engages a threaded
ext ensi on 1244 of bottom portion 1222. In addition to
conpleting the assenbly of punp 1210 by capturing bottom
portion 1222 and forcing top portion 1220 towards bottom
portion 1222, | ocki ng portion 1224 is configured and
dinensioned in this enbodinent to also capture second septum
1232. As shown in Figure 5, locking portion 1224 includes a
concave section 1254 for engaging septum 1232 wupon the ful
engagenent of portions 1222 and 1224.

[0149] Yet another enbodi ment reduced sized punp 1310 is
showmn in Figure 6. Li ke those punps discussed above, punp
1310 preferably includes several elenments which are simlar in
structure and function, and are thus | abeled with i ke
reference nurer al s within the 1300 series of number s.
Essentially, punmp 1310 is akin to the configuration set forth
in punp 1210. However , there are two main distinctions,
namely, the cooperation of locking portion 1324 and portions
1320 and 1322, and the inclusion of a channel 1362 bet ween
| ocking portion 1324 and top portion 1320. In the enbodi ment
depicted in Figure 6, it is noted that |ocking portion 1324
includes a threaded extension 1356, which cooperate and engage
t hr eaded ar eas 1358 and 1360 of portions 1320 and 1322,

respectively. Fur t her nor e, locking portion 1324 preferably
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i ncludes a channel 1362 forned therein. This channel may be
adapted to cooperate wth any of the chanbers and/or ports
di scussed above. Addi tional |y, channel 1362 nmy house other
elements, such as a flow resistor or the like, which wll be

di scussed nore fully bel ow.

[ 0150] A second aspect of the present invention relates to
provi di ng a constant flow type i npl ant abl e punp with
infinitely wvariable flow capabilities. A nentioned above,

such a construction nay be beneficial to patients requiring
nmore or less nedication to be delivered by an inplantable
punp. Wiile the different enbodinents of this second aspect
of the present invention may indeed be sized and configured to
be utilized wth any constant flow type inplantable punp,
preferred punps wll be described herein. In one preferred
punmp, as shown in Figure 7 of the present application, the
basic inplantable punp design is designated as reference
nurrer al 20. Punp 20 includes a housing 22 defining an
interior having two chanbers 24 and 26. Chanbers 24 and 26 are
separated by a flexible nenbrane 28. Chanmber 24 is designed
to receive and house the active substance such as a nedication
fluid for the relief of pain, treatnment of spasticity and
neur o- nechani cal deficiencies and t he adm ni stration of
chenot herapy, while chanber 26 may contain a propellant that
expands i sobarically under body heat . Thi s expansi on
di spl aces nmenbrane 28 such that the nedication fluid housed in
chanmber 24 is dispensed into the body of the patient through
the path defined by an outlet opening 30, a resistor 32, an
outlet duct 34 and ultimately an outlet catheter 36.

[0151] Resistor 32 provides a connection between chanber 24
and outlet duct 34. Thus, as nentioned above, a nedication
fluid flowing from chanber 24 to outlet catheter 36 nust
necessarily pass through resistor 32. This resistor allows
for the control of the flow rate of the nedication fluid, such

that the flow rate is capable of being varied. Resi stor 32
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may be configured differently in many different enbodinents,
sonme of which are discussed below in the detailed description
of the present invention. Essentially, resistor 32 defines a
passageway for the flow of the nedication fluid, where the
passageway nay be altered to thereby alter the flow rate of
the medication fluid.

[0152] I npl antable punp 20 also includes a replenishnment
port 38 covered by a first septum 40. Septum 40 can be

pierced by an injection needle (such as needle 42 shown in

Figure 7) and, wupon renpoval of such needle, is capable of
automatically resealing itself. Septa of this type are well
known to those of ordinary skill in the art. As inplantable
punp 20 is designed to nedicate a patient over a limted
peri od of tine, repl eni shnent port 38 is utilized for
repl eni shi ng chanber 24 when enpty or near enpty. In
operation, a physician or other nedical professional inserts

an injection needle 42 into an area of a patient's body where
punmp 20 is |ocated, such that it nmy pierce septum 40.

Thereafter, operation of the needle causes injection of the
solution from the needle to pass into port 38 through passage
44, and into chanber 24. It is noted that the particular

di mension and/or the patient's need may require such a process
to be repeated at given intervals, for exanple, nmont hl vy,

weekly, etc.

[ 0153] In addition to replenishnent port 38 punp 20 also
includes an annular ring bolus port 46 covered by a second
septum  48. Essential |y, this port al | ows for di rect
introduction of a solution into outlet catheter 36 and to the
specific target area of the body. This port is particularly
usef ul when a patient requires addi ti onal or st ronger
medi cati on, such as a single bolus injection, and/or when it

is desired to test the flow path of catheter 36. Such an
injection is performed in a simlar fashion to the above
di scussed injection into replenishnment port 38. However, an
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injection into bolus port 46 bypasses passage 44, chanber 24
and resistor 32, and provides direct access to catheter 36.
It is also contenplated to utilize bolus port 46 to wthdraw
fluid from the body. For exanple, where punp 20 is situated
within the body such that catheter 36 extends to the vertebral
portion of the spinal col um, a needle wth a syringe
connected may be inserted into bolus portion 46 and operated
to pull spinal fluid through catheter 36 and into the syringe.

[ 0154] In certain enbodinments, septum 40 and septum 48 may
be situated so that only specifically designed injection
needles may be used to inject into the respective ports. For

exanpl e, as is also shown in Figure 7, septum 48 may be
situated relatively close to the bottom of port 46 and septum
40 may be situated a greater distance away from the bottom of
port 38. In this enbodinment, injection needle 42 is provided
with an injection eye 43, which is l|located above the tip of
needl e 42. Al ternatively, injection needle 50 is provided
with an injection eye 51 |located at or near its tip. Thi s
arrangenent prevents needle 42, which is typically wutilized
for replenishing chamnber 24 with a long term supply of
medi cation fluid, from being inadvertently wused to inject its
contents into bolus port 46. As is shown on the left side
depiction of bolus port 46, needle 42 would have its eye 43
bl ocked by septum 48 if the needle is inadvertently inserted

into this port. Needl e 50, on the other hand, would be
capable of injecting into port 46 because of the |ower
| ocation of its eye 51. This is an inportant safety feature,

as direct injection of a long term supply of nedication fluid
into port 46 could be dangerous. It is noted that needle 50

is also capable of injecting a solution into replenishment

port 38, however, the sane concerns (i.e. - over-nedication)
do not exist with respect to the filling of chanber 24, and as
such nedication housed in the chanber is slowy released.

VWile this is one exanple of a possible safety feature wth
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regard to the injection of mterials into the punp, it is
envi sioned that other safety precautions my be utilized. For
example, U S Patent No. 5,575,770, the disclosure of which is
hereby incorporated by reference herein, teaches a simlar
mul tiple i njection needl e system with addi ti onal val ve
pr ot ection. It is noted that such a safety needle system may
be enployed with regard to any of the various inplantable punp
enbodi nents di scl osed herein. One of ordinary skill in the
art would recognize the nodifications reguired to utilize such
a safety feature in the other discussed punp designs.

[ 0155] In other enbodinents, the basic inplantable punp
design of the aforenentioned '873 patent nmay also be utilized.
As is discussed in its specification and shown in Figure 8 of
the present application, the '873 patent discloses a housing
made up of two parts 1, 2 and an interior having two chanbers
4, 5, which are separated by a flexible nmenbrane 3. Chanber 4
is designed to receive and house the nedication fluid, while
chanmber 5 nmay contain a propellant which, 1like that discussed
in the above description of punp 20, expands isobarically
under body heat. This expansion displaces nenbrane 3 such
that the nedication fluid housed in chanber 4 is dispensed
into the body of the patient through the path defined by an
outlet opening 6, an outlet reducing neans 7 and ultinmately an
outlet catheter 8. It is noted that reducing neans 7 is

preferably a tube wnding that waps around part 1 of the

housi ng. The resistor of the present invention, in certain
enbodi nent s, is preferably located at or near outlet opening
6. This will be discussed nore fully bel ow

[ 0156] Prior to reaching outlet catheter 8, the nedication
fluid 1is introduced into a chanber 9 which is provided
annularly on part 1 of the housing. Chanber 9 is sealed at

its upper side by a ring or septum 10, which can be pierced by
an injection needle and which autonatically reseals upon

wi t hdr awal of the needle. This chanber is simlar to the
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above discussed bolus port 46 of punp 20. In addition to
allowing nedication fluid from chanber 4 to pass into outlet
catheter 8, chanber 9 also allows the direct injection of a
solution into outlet <catheter 8, the inportance of which is
di scussed above. The aforenentioned outlet reducing neans 7
prevents a solution injected into the bolus port from flow ng
into chamber 4. In a simlar fashion, when need be, chanber 4
may be replenished via a further septum 12, Once again an

injection needle may be utilized for this purpose.

[0157] VWiile two basic designs of inplantable punps are
described above, it is noted that other designs may include
different or additional el enent s. Simlarly, while the above

description teaches two inplantable punps that may be utilized
in accordance wth the present invention, other inplantable
punp designs are also capable of being utilized. For exanpl e,
U S. Patent Nos. 5,085,656, 5,336,194, 5,722,957, 5,814,019,
5, 766, 150, 5,836,915 and 6, 730,060, the disclosures of which

are all hereby incorporated by reference herein, my be
enpl oyed in accordance wth the present i nventi on. In
addition, one specific enbodiment wll be discussed below.

[0158] As nentioned above, the capability of varying the
flow rate of an inplantable punp is desired. In the above

di scussed constant flow punps, the flow rate of the nedication
fluid depends wupon the punp pressure, the pressure at the end
of the catheter and the hydraulic resistance of any of the
capillaries or other passages that the nedication fluid nust
travel t hr ough. Wth regard to the resistance of the

capillaries, such resistance depends upon the geonetry of the

capillary itself, as well as the viscosity of the nedication
fluid. This viscosity, as well as the punp pressure, may both
be influenced by body tenperature. As such, one instance in

which it is desired to control the flow rate of the punp
exists if the patient develops a fever because the flow rate

of the infusion device may be affected in an undesired way.
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[0159] Anot her exanple of when the variable flow rate of
the inplantable punp is desired relates to the condition or
active status of the patient. For exanple, especially in the
case where painkillers are being adm nistered, it may be

advantageous to deliver less nedication during the nighttine
hour s, when the patient is sleeping. Addi tional |y, as
di scussed above, it nmay be desirable to be able to increase
the dosage of such painkillers or the like when the patient's
synptons  worsen. I ncreasi ng of the flow rate of the
nmedication fluid my be necessary in order to dimnish the
patient's pai n | evel . In accordance with the present

i nventi on, the aforenentioned resistor 32 is useful for
adjusting the flow rate in order to counteract wundesirable
flow rate <changes due to body tenperature changes, and to
allow for desired adjustnents of flow rate to treat heightened
or worsened synptons.

[0160] In a first enbodinent this adjustnent of flow rate
is realized by adjusting the cross-sectional geonetry of an
article of the resistor. It is noted that the first
enbodi ment wll be discussed with respect to punp 20; however,

it may be utilized in conmbination wth any inplantable punp.

As shown in Figures 9-15, in accordance wth this first
enbodi nent resistor 32 includes an elastic and resilient
filanment 52 situated in a resistor capillary 54, wher e

resistor capillary 54 provides a connection between outlet
opening 30 and outlet capillary 34. Capillary 54 may be
situated so as to constitute substantially the entire outlet
capillary 34, or may only be a portion thereof. Essential |y,
capillary 54 need only require the aforenentioned nedication
fluid to pass therethrough, and thus, may be any length
suitable for use in varying the flow rate.

[0161] Figures 9, 10a and 10b show a first exanple of the
first enbodi nent resistor 32, where elastic filament 52 is

| ocat ed concentrically in resistor capillary 54, Thi s
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configuration formse a ring-shaped fl ow channel 56 through
which fluid flows in a direction shown by arrow F. As is best
shown in Figure 10a, filanent 52 includes a first end 58
attached to a stationary attachnent 60, and a second end 62
attached to a novable attachment 64. Resistor 32 also has an

effective length L extending between capillary entrance 66 to

exit 68, and an initial dianmeter DI (i.e. - 2 times its radius
R) . Additionally, capillary 54 has a dianmeter D3 (i.e. - 2
times its radius R3) . This will be simlar throughout in the

various other capillaries discussed herein.

[0162] In this exanple, novable attachment 64 is capable of
moving in the opposite longitudinal directions shown by arrows
A and B, while attachnent 60 remains stationary. In
operation, novenment of attachnment 64 in the direction of arrow
B increases the distance between attachments 62 and 64 and
also results in the decrease of the initial dianeter DI to a
| esser dianeter D2 (i.e. - 2 times its lesser radius R2).
This is best shown in Figure 10b. The decrease of the
di ameter of filament 52 from DI to D2 increases the size of
channel 56 and thus necessarily decr eases the hydraulic
resi stance in capillary 54 . Qppositely, novenent of
attachment 64 in the direction of arrow A returns filament 52
to the position shown in Figure 10a, and increases the
hydraulic resistance in capillary 54. A filament of this type
may be constructed of silicone r ubber, or ot her sui tabl e
polymer materials for providing the required elasticity and
resiliency so as to return to its original shape and size
after being defornmed by stretching. Simlarly, al t hough
filament 52 is shown in the figures as having a substantially
circular cross section, it is envisioned that filanents having
other <cross sections may be utilized, for exanple, polygonal,
oval, square and the Iike.

[0163] As the inner dianeter of capillary 54 is typically

very small (on the order of several thousands of mllineters) ,
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it is often difficult to locate filament 52 directly in the
center of the capillary. Figures 11a, 1lib, 12a and 12b depict
a second exanple where elastic filanent 52 touches the inner
wall of capillary 54 (i.e. - an eccentric position). Thi s
eccentrically placed filanent 52 creates a sickle-shaped flow

channel 56, as opposed to the ring-shaped flow channel of the

first exanple. This second example also differs from the
first exanple discussed above, in that both ends 58 62 of
filanment 52 are attached to novable attachnments 60, 64,
respectively. This is wuseful, as in operation, one novabl e
at t achment (or the mechanism noving it) nmay fail. The two
novabl e at t achment desi gn provi des a failsafe, t her eby

allowing filament 52 to be stretched through the novenent of
the non-failing attachnent. Attachnment 64 is still capable of
nmoving in the direction depicted by arrows A and B and
attachment 60 is capable of noving in the direction depicted

by arrows A' and B'.

[0164] In operation, novenent of either of attachnents 60,
64 in the directions B' and B, respectively, decreases the
di anet er DI to a |Ilesser di anet er D2 (once again, t hese
di aneters refer to two times t he radii RI and R2,
respectively). This position is best shown in Figure 12b.

Like that of the above discussed first exanple, this decrease
in the diameter of filament 52 from DI to D2 increases the
size of channel 56 and thus necessarily decr eases t he
hydraulic resistance in capillary 54. Qppositely, novenent of
either of attachnents 60, 64 in the direction of arrows A' and
A, respectively, returns filanent 52 to the position shown in
Fi gure 12a, and i ncreases the hydraulic resi stance in
capillary 54.

[0165] At t achnent 64 in the first exanple, and attachnents
60, 64 in the second exanple may be noved by any nmeans known
to those of ordinary skill in the art. For exanple, it is

well known to utilize notors such as micro-notors, nagnets, or
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ot her hydraul i c, el ectri cal or nechani cal actuators. One
exanple of a suitable notor assenbl y is sold under the
designation X15G by Elliptec Resonant Actuator of Dortnund,
Cermany .

[0166] In accordance wth the present i nvention, it is

known to design a capillary with a circular lunen defined by a

rigid wall. Essential ly, this type of apparatus is a hollow
tube having a flow therethrough (i.e. - the present design
without filament 52) . For such a design, the flow rate can be

calculated using the well-known Hagen-Poisseuille Equation:

[0167] V= (Dp o R4) [/ (8 oL)

[0168] Wer e:

[0169] V = flow rate

[0170] Dp = pressure difference between entrance 66 and

exit 68 of capillary 54.

[0171] oo= viscosity of fluid.

[0172] L = effective length L of resistor 32

[0173] R2 = radius of resistor capillary 54 (see in Figure
9) .

[0174] As shown in the above equation, small changes in the

dianeter of a capillary have a profound effect on the flow
rate. However, the nodification of the R2 dinension is often
technically very difficult to realize. Thus, as discussed

above, the design of this first enbodi nent of the present

i nvention i ncl udes i npl ementi ng el astic filament 52 into
resistor capillary 54, as discussed above. For the first
exanple of the first enbodinent (i.e. - concentrically |ocated
filament 52), the following equation my be wutilized in

deternining the flow rate of this design:

[0175] V= [(Dpo) (R-R)3 (R+R1)] [/ (8 © L)

[0176] Wher e:

[0177] V = flow rate

[0178] Dp = pressure difference between entrance 66 and

exit 68 of capillary 54.
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[0179] oo= viscosity of fluid.

[ 0180] L = effective length L of resistor 32

[0181] RI = radius of filanent 52 (see in Figure 9).

[0182] R2 = radius of resistor capillary 54 (see in Figure
9) .

[0183] Al ternatively, for the second exanple of the first
enbodi nment (i.e. - eccentrically | ocated fil ament 52), the
following equation wmy be utilized in determining the flow

rate of this design:

[ 0184] V= [(Dpo) (R-RI)3 (R+R1)2.5] / (8 o L)

[ 0185] Were :

[0186] V = flow rate

[0187] op = pressure difference between entrance 66 and

exit 68 of capillary 54.

[0188] oo= viscosity of fluid.

[0189] L = effective length L of resistor 32

[ 0190] RI = radius of filament 52 (see in Figure 9).

[0191] R2 = radius of resistor capillary 54 (see in Figure
9) .

[0192] All three of the above equations are well known in

the field of fluid dynanics. Furt her, while the effective
length L of resistor 32, as best shown in Figures 10a and 12a,

corresponds to the length of capillary 54, it is noted that
the effective length nore specifically relates to the length
of capillary 54 in which filanent 52 resides. Therefore, the
effective length L, for use in the above -equations, may be
less than the length of capillary 54 if filament 52 has a
length less than the length of capillary 54, It is noted that
these equations apply to the use of capillaries and filanments
having circular cross sections. QO her enbodinments nmay utilize
differently shaped capillaries and filanents. For these
enbodi nents, separate equations nust be utilized.

[0193] As is clearly shown by the second equati on,

situating filanent 52 in the offset position with relation to
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the center of capillary 54 of, as shown in Figure 1la, allows
the flow rate to be changed by a factor of 2.5. Ther ef ore,

for applications where it is desired to vary the flow rate by

such a ratio, it is possible to nerely nove filanent 52 from a
central position taught in the first exanmple (as shown in
Figure 9) to the eccentric position taught in the second
exanple (as shown in Figure 1la) . However, often tines, it is

typically desired to vary the flow rate by a factor of 25 or
nor e. In order to achieve such a flow rate change, one my

utilize an elastic filament 52 as discussed above, situated in

an offset position. Typically, to ensure that filanment 52
remains in the offset position, a curved capillary 54 is
utilized. As shown in Figure lib, filanent 52 renmins

eccentrically placed within capillary 54 because of the
curvature of the capillary. As filanment 52 is generally
elastic and resilient, it easily confornms to any curvature of
capillary 54.

[ 0194] A realistic range for the <change in dianeter of
elastic filament 52 is approximately from its original size to
about seventy percent of its original size (i.e. - a 1 to 0.7
ratio) . Cal cul ations have been carried out wusing the above
equation relating to the eccentrically positioned filament 52.
For exanple, wth the initial radius RI of filament 52 being
approxi matel y eighty percent (8099 of the radius R2 of
capillary 54 (i.e. - a 0.8 to 1 ratio) and the nmaxinal
el ongati on of filament 52 giving a radius R3 that is
approxi matel y fifty six percent (5699 of the radius R2 of
capillary 54 (i.e. - a 0.56 to 1 ratio), it was calculated the
ratio of flow rate between the non-elongated state and the
maxi mal elongated state is approximately 9.20 to 1. Wth the
initial radius Rl of filanent 52 being approximately eighty
five percent (85% of the radius R2 of capillary 54 (i.e. - a
0.85 to 1 ratio) and the maximal elongation of filament 52

giving a radius R3 that is approximately fifty nine point five
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per cent (59.5%9 of the radius R2 of capillary 54 (i.e. - a
0.595 to 1 ratio), it was calculated the ratio of flow rate
between the non-el ongated state and the naxinal el ongat ed
state is approximately 17.00 to 1. Finally, wth the initial

radius RI of filanent 52 being approxinmately ninety percent
(909 of the radius R2 of capillary 54 (i.e. - a 0.9 to 1
ratio) and the nmaximal el ongation of filament 52 giving a
radius R3 that is approxinmately sixty three percent (63% of
the radius R2 of capillary 54 (i.e. - a 0.63 to 1 ratio), it
was cal cul at ed the ratio of flow rate between the non-
el ongat ed state and t he maxi nmal el ongat ed state is
approximately 43.46 to 1. Thus, wusing a filament 52 having a
radius Rl between approxinmately eighty five percent (85% and
ninety percent (909 of the total radius R2 of capillary 54,
would result in a flow rate variation of approxinately  25.
From the foregoing, one can calculate the desired flow rate
variation based on the known geonetry of the flow resistor.
[0195] A third exanple of the first enbodi nent of the
pr esent i nvention is shown in Figure 13 This exanpl e
includes a capillary 154 that is divided into tw sectors by a
center wal | 155. Fluid is capable of flowing through
capillary 154 by entering through entrance 166 and exiting
through exit 168, as depicted by fluid flow arrow F. An
elastic filanent 152 is fixed at its ends by fixation points
160 and 164, and is wapped around a magnetic elenent 170 at
the approximate central portion of filanent 152, Repul si ve

magnetic forces are transnmitted to nagnetic elenment 170 by a

correspondi ng magneti c count er part 172, having a sinilar
polarity. Thus, novenent of counterpart 172 results in the
like novenent of elenment 170. Counterpart 172 may be |ocated
in a hernmetically sealed housing 174, or the |Iike. Movenent
of the magnetic elenent in a direction indicated by arrow B
will, as in the above discussed exanples, cause the dianeter

of filanment 152 to shrink, thereby allowing for the increase
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in flow rate. Simlarly, nmovenent of el enent 170 in the
direction indicated by arrow A wll decrease the flow rate.
It is noted that this two sector design includes two capillary
and filament relationships for use in varying the flow rate.

As such, where both the «capillary and the filanent have

circul ar Cross secti ons, t wo separate cal cul ati ons in
accor dance w th t he above di scussed equati ons, must be
conduct ed to determne the overall hydraul i c resi stance

provided by the system

[0196] Further, in accordance wth this third exanple of
the first enbodi nent, it is envisioned that magnhetic el enent
170 and nmmghetic counterpart 172 may be oppositely polarized,
such that they are attracted to one another. In this type of
desi gn, nmovi ng  counterpart 172 in a direction closer to

el enent 170 would cause the attraction between them to be

greater. Thus, if counterpart 172 is located below elenent
170 (as opposed to that shown in Figure 13), novenent of
count erpart 172 towards el enent 170 would i ncrease t he

magnetic attractive force between the two conponents and
necessarily cause the novenent of elenment 170 in the direction
indicated by arrow B. As discussed above, this |engthens
filanment 152, while at the same tine decreasing its dianeter.
Thus, this would constitute one alternate design. Simlarly,
it is possible to provide a single nagnetic conmponent wth a
correspondi ng nmetallic component, r at her than the above
di scussed two rmagnet configuration. dearly, as is well
understood, such conponents would be attracted to one another.

Therefore, operation of this nagnet/netal configuration would

operate in a like manner to the above discussed opposite
polarity nagnetic configuration. However , it is to be
under st ood t hat vari ous configurations are envi si oned

depending wupon the polarity of the magnetic conponents and/or
the situation of the netallic elenment and its corresponding

magnetic el enment. For exanple, filament 152 nay be wapped
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around a netallic elenent, wth a magnetic conponent | ocated
in housing 174 or vice versa.

[0197] A fourth exanple of the first enbodinent of the
pr esent invention is showmn in Figure 14. This exanple
includes an elastic filanment 252 that is fixed at one end by
attachnment 260 and wapped around axle 276 on the other. Once
again, fluid enters capillary 254 at entrance 266, and exits

at exit 268. Fluid flow direction is once again indicated by
arrow F. Rotation of axle 276, in a direction depicted by
arrow W (i.e. - counter-clockw se), causes filament 252 to
| engt hen, whi | e its diameter reduces. Thi s, in turn,

i ncreases the possible flow rate through —capillary 254 .
Al ternatively, rotation of axle 276 in a clockwise direction
causes the opposite effect. As previously nentioned, i f
filament 252 and filament 254 have circular cross sections,
the above equations my be utilized in calculating t he
hydraulic resistance of the system Axle 276 may be driven
directly by a mcro notor, via a reduction gear drive assenbly
280 as shown in Figure 15.

[0198] Wiile other nmeans may be utilized for driving axle
276, t he fol | owi ng sets forth a di scussi on of t he
aforenmentioned reduction gear drive assenbly 280. As shown in
Figure 15, assenbly 280 presents a solution for the transfer
of rotational notion from hernmetic enclosure 274 to axle 276.
Assenbly 280 includes a notor 282 that is augnented by a gear
drive 284 and transferred to disc 286. The disc includes a
shaft 288 which is preferably positioned at an angle which is
less than ninety degree relative to the plane of disc 286.
Shaft 288 extends into cylindrical portion 290 of hernetic
encl osure 274. Further, shaft 288 is supported via bearings
292 within cylindrical portion 290. Finally, cylindrical
portion 290 is connected to enclosure 274 by an elastic
connection 294 and is capable of transmtting forces via

pusher plate 296 to rotate axle 276. Essentially, the offset
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nature of the connections between disc 286 and shaft 288, and
portion 290 and plate 296, coupled with the elastic nature of
the connection between enclosure 274 and portion 290 allows
for the rotation of axle 276. It is noted that operation of
the notor in different directions causes the rotation of the

axle in the clockw se or counter-clockw se direction.

[ 0199] Cear drive assenbly 280 is useful for allowing a
relatively small or weak notor to drive axle 276. Providing a
gear assenbly to  better utilize a notor is well known.

However, any known gear assenbly, suitable for use with the
pr esent i nventi on, may be enployed. Furt her, it is also
contenplated that a suitable nmotor may be enployed that nay be
capable of directly rotating axle 276. Essential ly, in a
design like this, axle 276 may be a continuation of the drive

shaft of the notor.

[ 0200] Any. of the exanples set forth in the discussion
relating to this first enbodi nent may include different,
addi ti onal or fewer el enent s. Such  revisions Wil | be
understood by those of ordinary skill in the art. For
exanple, it is envisioned that the various elastic filaments,

while shown in the figures having a substantially circular
Cross section, may i ncl ude any shaped Cross section.
Simlarly, although shown as substantially straight, the above
my be utilized in conjunction with curved capillaries.

Addi tionally, it is to be understood that the inventions set
forth in the first enbodinent nmay be utilized wth any known

i npl antabl e punp. The particular punp design may require the

use of a resistor t hat is particularly configured and
di mensi oned to operate Wi th t he punp. Such desi gn
requirenents are evident to those of ordinary skill in the
art .

[ 0201] In a second enbodinment the adjustnent of flow rate

is realized by providing a pair of threaded mnmatched cylinders

for use as resistor 32 Once again, the second enbodinent
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will be discussed with respect to punp 20; however, it may be
utilized in conmbination wth any inplantable punp. As shown
in Figures 16 and 17, in accordance with this second
enbodi nent, resistor 32 includes a first threaded nenber 302

having a hollow interior 304 and a threaded exterior 306.
First threaded nenber is disposed in second threaded nenber
308, which is an oppositely configured hollow nenber having a
threaded interior surface 310 and a closed end 312. The
threaded cooperation between first and second threaded nenbers
302 and 308 allows for the first nenber to be disposed wthin
the second nenber at varying |levels, therefore, allowing for
different overlaps of the two nenbers. For exanple, Figure 16
depicts the first nenber being substantially disposed wthin
the second nenber, while Figure 17 depicts the first nenber
being only partially disposed within the second nenber.

[ 0202] In operation of this second enbodinent, fluid is
introduced into hollow interior 304 in the direction indicated
by arrow 314. Upon the sufficient build wup of pressure
created by the flow of the fluid, the closed end 312 design of
second nenber 308 forces the fluid to nove in the direction
i ndicated by arrow 315 (best shown in Figure 17) and through
the flow channel defined by the threaded configuration of the
two nmenbers 320, 308. The degree of overlap of the two
threaded geonetries deternmines the hydraulic resistance, and
thus the flow rate of the fluid. Therefore, the high overlap
shown in Figure 16 would result in a lesser flow rate than
that of the low overlap depicted in Figure 17. Nevert hel ess,
the fluid wultimately energes from the resistor design as
illustrated by arrows 316. It is envisioned that in other
exanples in accordance wth this enbodi nent of the present
invention the shapes of the two nenbers may vary, as can the
particular thread design enployed.

[ 0203] In a third enbodinent the adjustnent of flow rate is

realized by adjusting the cross-sectional geonetry of the
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resistor. However , unl i ke t he above di scussed first
enbodi nent where the cross-sectional geonetry is adjusted by
| engthening filanent 52 in order to decrease its dianeter,

this third enbodinment varies the cross-sectional geonetry of a

tube 402 by changing its internal pressure. Once again, the
third enbodiment wll be discussed wth respect to punp 20;
however, it may be utilized in conbination with any
i mpl antabl e punp. As shown in Figures 18-20, in accordance
with this third enbodinent, resistor 32 includes an elastic
tubular elenment 402 disposed in a capillary 404. As best

shown in Figure 20, the tubular elenent 402 extends through
capillary 404 and is fixed at its ends by sealing elenents 406
and 408. As shown in Figures 18 and 20, the tubular elenent
402 is situated so as to define a ring-shaped flow channel 410
through capillary 404. However, like the above discussed
first enbodiment, the tube nmay be positioned eccentrically,

thereby formng a sickle-shaped flow channel 410, as shown in

Fi gure 109.

[ 0204] In operation, fluid flows in the direction indicated

by arrows F, and is subjected to the flow channel from
entrance 412 to exit 414. Once again, the effective Ilength of

the resistor extends along the portion where tube 402 and
capillary 404 overl ap. The diameter of tubular elenent 402
depends wupon its internal pressure Pl. Thus, the flow rate of

the fluid can be affected by pressure being applied or reduced

to the inside of tube 402. Rising the pressure wll increase
the outer dianeter of the tubing and thus will have the effect
of reducing the flow rate. Simlarly, lowering the pressure
will decrease the outer diameter of the tubing and increase
the flow rate. It is noted that tubular element 402 wll have
a particular resting dianeter (i.e. - with no pressure being
applied) . The design of this third enbodinent wll be subject

to the flow rate calculations discussed above in relation to

the first enbodinment. Speci fically, in the design shown in
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Figure 19, adjusting the tubing between approximtely eighty
five percent (85% to ninety percent (909 of the overall inner
dianeter of capillary 404 wll result in an approximate flow

rate variation of 1 to 25 which is the desired ratio for an

i npl antabl e punp. However, it is to be understood that the
operation of this third enbodi nent wil | be substantially
opposite to that of the first enbodinent. Clearly, r at her

than decreasing the dianeter of tube 402 from its resting
diameter, this third enbodinent ains to increase the dianeter.
Thus, operation of tube 402 wll nove the system from a state
in which the flow rate is greater to a state where the flow
rate is |esser. This is contrary to the first enbodinent.

[ 0205] Any neans suitable for rising and Ilowering the
pressure to the inside of tubular elenent 402 can be utilized.
For exanpl e, it is envisioned that a piston or bellows
assenbly may be utilized, or that a chemcal reaction my be
enpl oyed to achieve the pressure differential.

[ 0206] In a fourth enbodinent the adjustment of flow rate
is realized by providing an insert 502 having a longitudinally
varying cross section. By nmoving the insert 504 along the

longitudinal axis of a capillary 504, the hydraulic resistance

of resistor 32 is changed. Once again, the fourth enbodi nent

will be discussed with respect to punp 20; however, it may be
utilized in conbination wth any inplantable punp. As shown
in Figures 21-24, in accordance wth this fourth enbodinent,

resistor 32 includes the aforenentioned insert 502 positioned
within a capillary 504. In one exanple of this fourth
enbodi nent , as is shown in Figures 21 and 23, insert 502 is

depicted as having a conical shape, and is centrally |ocated
within capillary 504, Thus, the cross section of insert 502
varies across its [|ongitudinal axis and the design fornms a
ring-shaped flow channel 506. This insert is fixed at its
ends to two novabl e pi ston-1i ke attachnent s 508, 510.

However, another exanple is shown in Figures 23 and 24, in
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which insert 502 nay be positioned eccentrically resulting in
a sickle-shaped flow channel 506. In this exanple, insert 502
is fixed at its ends to two novable fixations 512, 514.

[ 0207] In operation of both exanples, fluid flows in the
direction indicated by arrows F, and is subjected to the flow
channel from entrance 516 to exit 518 (i.e. - t he
af orenentioned effective length) . While the above-discussed
equations relating to the flow rate do not necessarily apply
to this enbodi nent, it is clear that the width of flow channel
506 nmay be varied by noving insert 502 in the direction of the
axis of capillary 504. For exanple, as shown in Figure 23,
nmovenent of insert 502 in the direction depicted by arrow A
will cause a decrease in the width of flow channel 506, and
thus a decrease in the flow rate of the fluid. Al ternatively,
nmovenent of insert 502 in the direction depicted by arrow B
will cause an increase in the width of flow channel 506, and

thus an increase in the flow rate of the fluid.

[ 0208] It is noted that the nmovenment of insert 502 may be
achieved in different fashions depending upon the type of
design wutilized. For exanple, as shown in Figure 23, piston-

like attachments 508, 510 are preferably noved by providing a
suitable pressure thereto. However, as shown in Figure 24,
novabl e fixations 512, 514 may also be utilized that are noved
by providing a mechanical force thereto, from source such as a
hydraul i c, el ectri cal or nechani cal source or the like.
Vari ous neans may be enployed for providing novement to insert
502, including those discussed herein and others that would be
well known to those skilled in the art. For exanpl e, once
again, magnetic forces may be enployed for noving insert 502.
Finally, insert 502 may include a varying cross section that

creates a substantially snooth | ongitudinal surface, as shown

in the figures, or, insert 502 my be conprised of several
non- congr uent Cross sect i onal portions. The |atter
configuration woul d provi de an insert t hat has several
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different stepped sections. Thus, noving a first section into
capillary 504 having a relatively large <cross section would
nost likely reduce the flow rate, while noving a second

section of lesser cross section would increase the flow rate.

[ 0209] In a fifth enbodinent the adjustnent of flow rate is
realized by adjusting the cross-sectional geonetry of an
insert being constructed of an electroactive pol ymner ( EAP)
For exanple, such an insert nay be constructed of polyanilin,
pol ypyrrol, or the |like. This type of material is also known
in the art as an artificial nuscl e. Essential lvy, the dianeter
of this EAP insert may be changed by applying an electric
vol tage thereto. In accordance wth this fifth enbodi nment,
the voltage applied to such an EAP insert nmy be between

approxinmately zero (0) and two (2) volts, but nmay be as much

as seven (7) volts. Once again, the fifth enbodiment wll be
di scussed with respect to punp 20; however, it nmay be utilized

in conmbination wth any inplantable punp. As shown in Figures
25- 28, in accordance wth this fifth enbodi nent, resi stor 32
i ncl udes an insert 602, whi ch is constructed of EAP,

positioned wthin capillary 604. Figures 25 and 27 show a
first exanpl e wher e i nsert 602 is «centrally | ocat ed in

capillary 604, while Figures 26 and 28 show a second exanple
where insert 602 is eccentrically located in capillary 604.
Further, the first exanple includes an insert 602 with one end
fixed at a stationary attachnent 608 and the other end fixed
at novable attachnent 610, while the second exanple includes
an insert 602 with both ends fixed to novable fixations 612,

614 .

[0210] In operation of both exanples, fluid flows in the
direction indicated by arrows F, and is subjected to the flow
channel from entrance 616 to exit 618 (i.e. - the effective

| engt h) . The width of flow channel 606 may be varied by
varying the voltage between the ends of insert 602. Such

application of voltage <causes insert 602 to |engthen, whi ch
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t hereby reduces its dianeter. Essentially, in accordance wth
this fifth enbodinment, insert 602 would act as an electrode,

while capillary 604 nmay act as a counterel ectrode . As has
been discussed several times above, the decrease in the

di anet er of an insert simlar to insert 602 necessarily
decreases the  hydraulic resi stance in capillary 604 and
increases the fluid flow rate. It is noted that the
calculations relating to the first enbodinment above nmay be
useful in determining the proper sized insert 602 for use in
exanples of this fifth enbodinment that wutilize an insert 602
and capillary 604 that each have circular cross sections.

[0211] The vari ous enbodi nment s of resi stor 32, in
accordance wth the present invention, should be positioned
such that fluid housed in the slow release chanber of an
i mpl ant abl e punp is forced to pass through it. Thi s
configuration allows for the inplantable punp to operate in
its normal fashion, wth resistor 32 controlling the fluid
flow rate. However, ©preferred constructions would situate
resistor 32 such that an injection into a bolus port or the
like would not be forced to pass through the resistor. It is
typically not reguired to control the flow rate of a bolus
i njection. Rat her, such an injection is often intended to be
a guick and direct application of a nedication fluid. For
exanple, as shown in Figure 7, resistor 32 is situated so as
to capture fluid flowing from chanber 24, but not fluid

directly i nj ected into bolus port 46. However, ot her
constructions are envi si oned. Fur t her nor e, wher e t he
inmplantable punp is utilized to withdraw spinal fluid, it is

also contenplated to not force such fluid through resistor 32

In the punp of Figure 7, wthdrawal of spinal fluid would
occur through bolus port 46. As such, the fluid would not be
required to pass through the resistor.

[0212] For each of the enbodinents above, providing a

controlling mechanism for selectively varying the flow rate of
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the medication fluid is envisioned. Many different such
mechanisms  are well known and widely utilized with inplantable
devices for inplantation into a patient's body. For exanpl e,
prior art devices have shown that it is possible to utilize
dedicated hard wired controllers, infrared controllers, or the
like, which controllers <could be used in accordance wth the
present invention to control various elenents, such as notor

282, to selectively vary the flow rate of the nedication

fluid. u. S Pat ent 6, 589, 205 ("the '205 patent"), t he
di scl osure of which is hereby incorporated by reference
herein, teaches the use of a wreless external control. As

di scussed in the '205 patent, such a wreless control signal

may be provided through nodulation of an RF power signal that
is inductively Jlinked wth the punp. The '205 cites and
i ncor por at es by reference u. S Pat ent 5, 876, 425, t he
di sclosure of which is also hereby incorporated by reference
herein, to teach one such use of forward telenetry or the
exchange of information and programm ng instructions that can
be used with the present invention to control the punp and the
various aforementioned elements that are varied in order to
affect the flow rate. However , it is noted that simlar
external controllers may also be utilized. Such controllers

can send control signals wrelessly (such as by IR RF or
other frequencies) or can be wired to leads that are near or
on the surface of the patient's skin for sending control

si gnal s. Furthernore, a punp in accordance wth the present

invention may include safeguards to prevent the inadvertent

signaling or inproper progranmng of the punp. For exanpl e,

the present invention could utilize a secure preanble code or
encrypted signals that will be checked by software or hardware
used for controlling the punp or even dedicated only for
security purposes. This preanble code would prevent t he
i nadvertent varying of the flow rate of the fluid from the

punp, from being caused by outside wunrelated renbte control
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devices or signals and by other simlar punp controllers.
QO her safety precautions may be used, such as passwords,
hardware or software keys, encryption, multiple confirmation
reguests or sequences, etc. by the software or hardware used
in the programm ng of the punp.

[0213] The electronics and control logic that can be used
with the present invention for control of the notors and
controllably displaceable elenments used to vary the flow rate
may i ncl ude M cr oprocessors, m crocontrollers, i ntegrated
circuits, transducers, etc. that may be located internally
with or in the inplantable punp and/or externally wth any
ext er nal pr ogr amrer devi ce to transmt punmp  progranti ng
information to control the punp. For exanple, any externa
programrer device used to allowing programmng of the punp.
The electronics can also be used to perform various tests,
checks of status, and even store information about t he
operation of the punp or other physiological i nformation
sensed by various transducers.

[ 0214] An external progranmer device may also be avoided by
i ncorporating the necessary logic and electronics in or near
or in the inplantable punp such that control can be
acconplished, for exanple, via control buttons or switches or
the like that can be disposed on or below the surface of the
ski n. Of course, necessary precautions (such as confirmation
button ©pressing routines) wuld need to be taken so that
i nadvertent changing of programming is again avoided.

[ 0215] A specific inplantable punp 700, which incorporates
the above discussed reduced size designs, as well as the above
di scussed infinitely variable designs of the present invention
wi | now be described. Essential |y, pump 700 is an
i npl antable punp having certain novel characteristics. These
characteristics allow for both the relative mniaturization
and easy construction of the punp. In addition, punp 700

i ncorporates one of the aforenmentioned resistor 32 designs
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into the specific enbodinment. Wiile punp 700 is indeed one
preferred enbodinent for use in accordance wth the present
invention, it should be clearly understood that the punp could
be nodified to incorporate each of the resistor 32 designs

di scussed above in many different configurations.

[0216] As shown in Figures 29 and 30, punp 700 includes a
housing <constructed of an upper portion 702 and a |ower
portion 704. The housing portions are preferably constructed
of a strong polyneric material, such as polyetherehterketone,

sold wunder the designation PEEK by Invibio of the United
Ki ngdom O her suitable bioconpatible materials my also be
enpl oyed. Nevert hel ess, the particular material should be
chosen so as to be capable of formng a two part housing that
can be safely assenbled wthout the use of a conplicated
double clinch assenbly, a welding process or the Iike.

Clearly, safety is a very big concern in the construction of
any apparatus inserted into the body especially one housing an
overdose of medication solution. Heretof ore, inplantable punp
housi ngs have either been constructed of a netallic material,

wherein a welding process is utilized for attaching the
portions of the housing together, or a polyneric material,
wherein a conplicated clinching assenbly is wutilized for
attaching the portions of the housing together. For exanpl e,

a netallic punmp is typically constructed by welding together
two netallic halves of the punp housing. Simlarly, as taught
in commonly owned U.S. Patent Nos. 5,814,019 and 5,836,915, a
double <clinching assenbly has been previously proposed for
safely attaching the housing halves of a polyneric punp.

[0217] In accordance wth the present invention, it has
been discovered that wutilizing a material such as PEEK may
allow for a polyneric punp housing to be constructed without
the use of any of the conplicated attachment procedures. The
elimnation of such extraneous elenents allows for punp 700 to

be smaller in size. For exanple, the elimnation of the
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af orenenti oned double <clinch safety feature allows for the

overall wdth of punp 700 to be reduced. Further, in certain
enbodi ments, this may also decrease the overall weight of the
punp, as well as the level of conmplicity required in
assenbling sane. As shown in Figure 29, portions 702 and 704

of the housing of punp 700 are constructed of PEEK and
designed so as to be capable of sinmply screwing together.

More particularly, portion 702 includes an interiorly threaded
extension 703 for receiving an exteriorly threaded surface 705
of portion 704. In certain enbodi nents, in addition to the
t hreaded connection, a layer of glue or other adhesive my be
applied to the connection between portions 702 and 704. Such
an application may provide further assurance that the two
portions do not inadvertently become detached. It is also
contenplated that other 1less conplicated attachnment nodes may
be enpl oyed. For exanpl e, in addition to the threadable
connection between portions 702 and 704, a single clinch
connection nmay be utilized. In this type of attachment, the
two portions may include elenents that are designed so as to
snap fit together, and thereafter fixably secure the portions
t oget her

[ 0218] As with the aforenentioned generic punp 20 design,

i npl antable punp 700 further includes an interior having two
chanbers 724 and 726, each chanber being separated by a
flexible menbrane 728. Chanber 724 is designed to receive and
house an active substance such as a nmedication fluid, while
chamber 726 is designed to house a propellant that expands
i sobarically under const ant body tenperature. Simlar to
above discussed generic punp 20, the expansion of the
propellant in punp 700 displaces nenbrane 728 such that the
nmedi cation fluid housed in chanber 724 is dispensed into the
body of the patient through the path defined by an outlet

opening 730 (Figure 30), a cylindrical recess 764, a resistor

732 (Figure 31), a cylindrical recess 766 (Figure 29), an
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outlet duct 734 and ultimately an outlet catheter 736. Al so
in accordance with punp 20, punp 700 further includes a
r epl eni shrent port 738 covered by a first septum 740, and an
annular ring bolus port 746 covered by a second ring shaped
septum  748. The utility of each of these |ports is
substantially identical to those of punp 20. For exanple, a
passage 744 allows fluid injected into replenishnment port 738
to be introduced into chanber 724. In addition, |like that of
punp 20, it is envisioned that specifically designed injection
needles and correspondingly situated septa may be enployed to

i ncrease safety, as discussed above.

[0219] Contrary to the aforenentioned punp 20, punp 700
includes an wundulating nenbrane 728 which cooperates wth a
simlarly wundulating interior surface 707 of portion 702. As
best shown in Figures 29 and 30, interior surface 707 of

portion 702 has an undulating surface that serves as the top
surface of chanber 724, while nenbrane 724 has a correspondi ng

undul ati ng surface that serves as the bottom surface of

chanber 724. When chanber 724 is enpty, nenbrane 724 fits
flush against the simlarly shaped interior surface 707. Thi s
is best shown in Figure 29. However, upon introduction of a

fluid into chanber 724, nenbrane 728 is capable of flexing and

allowing for the expansion of chanmber 724. This is best shown
in Figure 30. This undulating configuration of nenbrane 728
and interior surface 707 of portion 702 al | ows for

r epl eni shrent port 738 and septum 740 to be situated at a
| ower position wth respect to the height of the punp.

Essentially, a center portion of both interior surface 707 and
menbrane 728 are a convex shape allowing for portion 738 and
septum 740 to be set |ower. At the same tinme, portions to the

left and right of this <center portion are enlarged, taking

substantially concave shapes. This allows for the overall
volunme of chanber 724 to remain substantially simlar in
conmparison to well-known inplantable punps. Operation of punp
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700 al so remai ns substantially simlar to prior art
i mpl antable punps being driven by a propellant. Wiile the
specific undulating design (i.e. - a convex or lower portion
flanked by two concave or higher portions), shown in Figures
29 and 30, is one suitable enbodinent, other enbodinents are
envi si oned. For example, other punps may include surfaces and

nmenbr anes t hat have correspondi ng shapes having rmultiple

concave and/or convex portions.

[ 0220] The specific construction and cooperation of
resistor 732 within punp 700 is shown in detail in Figures 29-
31. The resistor shown in this specific enbodinent is akin to
the above described first enbodinment resistor. As best shown

in Figure 31, resistor 732 includes an elastic and resilient

filament 752 situated in a capillary 754. Fi | ament 752
extends through <capillary 754 and is attached on its ends to
two spools 760 and 762. Spool 760 resides wthin cylindrical

recess 764 in fluid communication wth opening 730 in portion
702, while spool 762 resides wthin a cylindrical recess 766
in portion 702. Recess 764 is in fluid conmunication wth
outlet opening 730 and hence chanber 724 (best shown in Figure
30) . Simlarly, recess 766 is in fluid communication wth

outlet duct 734, and hence outlet catheter 736 (best shown in

Figure 29) . Thus, fluid wll flow from chanber 724 through
resistor 732, and out of catheter 736 to a target site wthin
t he body.

[ 0221] As Dbest showmn in Figure 31, capillary 754 is
preferably curved so as to force filament 752 to one side
t her eof . Spools 760 and 762 are adapted to wind filanment 752
thereon and thus vary its cross section. As nore specifically

di scussed above, this varying in cross section varies the flow

rate of fluid through capillary 754. In the enbodi ment shown
in Figures 29-31, spool 760 is adapted to remain in a fixed
position, while spool 762 is adapted to be rotated. However,

in other enbodinents, both spools my be adapted to be
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r ot at ed. As best shown in the cross sectional view of Figure
29, spool 762 is mechanically coupled to several actuation
conmponents including being coupled via an axle 770 to a wheel
772. A motor 774, like that of the above nentioned X15G is
enployed to provide rotation to wheel 772. A bearing 776 or
the like may aid in the rotation of axle 770, by guiding and

providing smooth notion to axle 770. In the enbodi ment shown
in the figure, not or 774 receives el ectri cal energy and
contr ol from an electronic unit 778, which, as discussed
above, is controlled from either internally or externally of
t he body.

[0222] The aforenenti oned actuation conponents are held

together and within punp 700 through a specific cooperation
that is best shown in Figure 29. Essentially, ring septum 748
and an elastic element 780 are designed to hold the actuation
components to punp 700. The actuation elenents are preferably
housed so as to be a single nodule enconpassing spool 762,
axle 770, wheel 772, notor 774, bearing 776 and electronic
unit 778. During assenbly, this nodule is placed into a
recess on punp 700 so that one side abuts ring septum 748.
Wth the nodule in place, septum 740 is attached to portion
702 by screwing a holder 782, which holds septum 740, to
portion 702 of punp 700, so as to form a threaded connection
783. Hol der 782 is preferably constructed of PEEK material
like portions 702 and 704. It is also contenplated that other
nodes of attachnent may be enployed, such as, by adhesive or a
conbi nation of adhesive and threads. Ring 780 of elastoneric
mat eri al is preferably pl aced bet ween hol der 782 and

electronic unit 778, and the cooperation thereof holds the

af orenent i oned nodul e bet ween septum 748 and ring 780.
Essential ly, one side of the nodule is designed to cooperate
with septum 748 (i.e. - curved cooperation), while the other
side is designed to cooperate wth ring 780 (i.e. - sloped
cooperation). Thus, in the fully constructed st ate, t he
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nodul e of actuation component s is essentially frictionally

attached to punp 700.

[0223] The specific enbodinent shown in Figures 29-31 also
allows for an easy conversion from a variable flow rate punp
to a fixed flow rate punp. In use, the manufacturer or user
of the punp would sinply renove the aforenentioned nodule of
actuation conmponent s. A spacer, i nsert or the Ilike nay
inserted into any cavity forned in the housing of punp 700,

after the renoval of the nodul e. Filament 752 is also renoved
from capillary 754 and replaced with a snall tube (not shown) ,
constructed of a material such as gl ass. The tube preferably

has an outer di anet er slightly snal | er than the inside
di aneter of capillary 754, so as to allow a snug fit therein.

Further, the tube my have any suitable inner dianeter, it
being noted that the particular inner dianmeter size dictates

the flow rate of fluid through capillary 754. Thus, dependi ng

upon the desired fixed flow rate, a particular tube having a
suitable inner dianmeter should be sel ected. Finally, the tube

should be capable of conformng to the preferable curved shape

of <capillary 754. Wth these sinple nodifications to punp
700, a relatively inexpensive fixed flow rate punp nay be
pr oduced. This sinple conversion allows for the use of the

majority of the conponents of punp 700 without requiring the
nodi fication of any. This is beneficial, because new nolds or
the like would not be needed to change between punp designs.

[ 0224] A further preferred enbodi nent i nplantable punp is
depicted in Figures 32-34, and is designated wth reference
nuner al 800. Punp 800 is sinmlar in nature to the above-
descri bed i mpl ant abl e punps, and is designed to enploy a

resistor or restrictor nodule that operates to vary the flow

rate of nedicanent from the punp. The restrictor nodules for
use with punp 800 wll be discussed nore fully below. Punp
800, in and of itself, operates in simlar fashion to the

previously described punp 700, although it does utilize sone
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di fferent structure and certain additional and/or different

conmponent s. Because of several differences and/or addition of
el enents between punp 700 and punp 800, sinilar conmponents

and/ or structure of punp 800 are not labeled wth like
reference nunerals to that of punp 700.

[ 0225] As is shown in Figures 32-34, punp 800 includes an
upper portion 801 forming an upper portion of a housing and a
| ower portion 802 which is preferably designed to screw into
portion 801, thereby capturing a nenbrane 803 therebetween, in
a simlar fashion to other enbodi nent s di scussed above.

However, in punp 800, a second nenbrane 803a (best shown in
Figure 41), is provided and preferably forns a pocket or
balloon with nenbrane 803. In other words, mnenbrane 803 forns

and upper barrier of the pocket, while nenbrane 803a fornms a
lower barrier that essentially conforns to |ower portion 802,
Upper portion 801 includes an upper surface 804 for receiving
a restrictor nmodule and a lower surface 805 that defines an
upper part of an upper or nedicanment chanber 806 (best shown
in the cross sectional views of Figures 33 and 34) . Lower
portion 802 includes an upper surface 807 that defines a | ower
part of a lower or propellant chanber 808 (or allows the
pocket fornmed by nenbrane 803 to remmin adjacent thereto) . In
addition, punp 800 also includes certain of the other elenents
included in, for exanple, the above-discussed punp 700, such
as, a replenishnent port 809 covered by a first septum 810 and
ring bolus port 811 covered by a second ring septum 812.
Upper surface 804 of wupper portion 801 further includes two
apertures 813a and 813b for receiving screws 8l4a and 814b
respectively, an upstanding circular ring extension 815 that
formse a shoul der 816, an exit opening 817 from nedi canent
chanber 806, and an entrance opening 818 for nedicanent to
enter back into punp 800 and ultinmately dispensed to an outl et
duct 819 for ultimate travel to the patient in a nmanner to be

di scussed bel ow.
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[ 0226] It is noted that punp 800 utilizes a simlar chanber
and/or nmenmbrane design as that of punp 700, and the other
reduced size inplantable punps  di scussed above, with a
nodified variable flow rate assenmbly that wll be discussed

bel ow. The chanmber and/or nmenbrane design of punp 800 may not
only be simlar in design and functionality to that of the
ot her enbodi ment punps discussed herein, but may also include
any of the variants of the chanber and/or nenbrane designs
contenplated wth regard to the other inplantable punp designs
di scussed herein.

[0227] Punp 800 is preferably designed so as to operate in
conjunction wth one or nore restrictor nodules to form an
i mpl antable infusion punp system Figures 35-45 depict punp
800 in conjunction with a first restrictor nodul e  820.
Restrictor nodule 820 is preferably renovably coupled to upper
portion 801 (with screws 814a and 814b) and includes several
elements utilized to vary the flow rate of an active substance
di spensed from punp 800. More particularly, restrictor nodule

820 is a stand alone conponent having several elenents encased

or encapsul ated in a solid material, such as a polyneric
mat eri al like the above-discussed PEEK nmaterial . In this
regard, it is noted that each of wupper portion 801, |ower
portion 802 and nodul e 820 mmy be constructed of Ilike
materi al s, or certain of those conponents may be different
materi al s. The nodule is preferably designed with a central

aperture which allows access of septum 810 and with an overall
diameter that allows is to sit within the confines of the area
defined by septum 812. Module 820 preferably nonitors and
varies the flow rate of a nmedicanent or active substance

dispelled from punp 800 in order to provide a patient with a

particular prescribed flow rate of sane. For exanple, nodule
820 may vary the flow rate of the medicament in response to a
si gnal recei ved from an outside sour ce (e.g., handhel d
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device) , or in response to a condition placed upon the patient

(e.g., change in pressure or tenperature).

[ 0228] Figure 35 shows punp 800 with a fully constructed

restrictor nmodule 820 being nounted on surface 804 of upper
portion 801, whil e Fi gures 36-38 show different parti al

cutaways of punp 800 so that <certain portions of the punp
itself and nmodule 820 are hidden or renpbved in order to depict

the various elenments of punp 800 and those which are housed by
nodul e 820 .

[ 0229] As is best shown in the top cut away view of Figure
38A, nodule 820 includes a valve 821, a notor 822, and an

offset cam or extension 823 for inparting novenent to valve

821. It is noted that mnotor 822 can be any suitable notor
capable of inclusion wthin nodule 820. Thus, such notor nust
fit within the constraints formed by the overall small size

and particular configuration of punp 800 and nodule 820. One
suitable nmotor 822 includes a gearbox ratio of 64:1 and is
sold wunder the part nunber ADM 0620-2R-V6-05 by D. Fritz
Faul haber GbH & CO KG of Schoneich, Gernmany. Cam 823 is
designed as an offset cam such that one rotation of the cam
by notor 822 nmay cause translation of valve 821. Many
different configurations my be utilized, as those of ordinary
skill in the art would readily recognize. What ever particul ar
design for each of the elenents is utilized, each of these
el enents preferably cooperates so that operation of notor 822
causes novenent of cam 823 in order to actuate valve 821,
which in turn causes variations in the flow rate of an active
substance from punp 800 to a patient. The preferred cam shown
is simply oblong in shape, such that a rotation of sane
subjects valve 821 to contact with thinner to thicker sections
of the cam which causes the needed translation.

[0230] One exanple of a variation in the elenents wutilized
in nodule 820 is shown in Figure 38B. Specifically, t hat

figure depicts an alternative construction for cam 823, which
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includes an axle 823a connected to notor 822. Axl e 823a

drives an eccentric cam body 823b, which in turn rotates a

beari ng 823c. As with npst bearings, bearing 823c includes an
interior rotating portion, and an exterior portion which
generally does not rotate. Certain portions of valve 821 are

abutted against the exterior portion of bearing 823c, and
these portions are caused to actuate in a sinlar fashion as
will be fully discussed below. In short, the rotation of axle
823a by nmotor 822 causes the rotation of eccentric cam body
823b and the interior portion of bearing 823c. Because of the
eccentric nature of cam body 823b, bearing 823c is caused to
translate upon the rotation of the eccentric body. It is
not ed t hat this parti cul ar construction may allow for
translation of valve 821 without a rotating portion contacting

any portion of the valve. Rat her, the exterior portion of
bearing 823c sinply translates and contacts valve 821, without

rotation.

[0231] As is shown in Figures 37-39B, valve 821 includes a
double sided needle portion 824 disposed within a valve body
825 as the nechanism allowing for the varying flow rate of an
active substance being dispensed from punp 800. Figure 37
shows portion 824 as consisting of two pieces 824a and 824b.

In certain enbodinents, one of the pieces (for exanple, piece
824b) may include a coating of a flexible naterial, such as
rubber or silicon. This coating may allow for cooperation

within valve body 825 (for exanpl e, during bl ockage of
passages) wthout requiring very precise tolerances to be net.

In other words, such flexible nmaterial may conform to the
interior of valve body 825. Al though the multi-piece formt

is preferred for assenmbly purposes, a portion 824 consisting

of a single piece my also be enployed. Val ve body 825
consists of a hollow core formed in the naterial enconpassing

the various conponents of nodule 820. Needl e portion 824 is

preferably nounted within the hollow core of valve body 825 by
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nmounting nenbers 826a and 826b. More particularly, val ve body
825 is molded into or nmlled out of the material (e.g., - PEEK)

forming the min body of nodule 820. Its cooperation wth
needle portion 824 creates a situation simlar in nature to
that of well known needle valve assenblies, whi ch have been
utilized in many different nechani cal assenbl i es for sone
time. For exanpl e, as shown in the view of Figure 39A

novenent of portion 824 to the left side of body 825 blocks
all fluid flow through a passage 827 to a passage 828. These
passages are routes that fluid flowing from punp 800 nmnust
take, and wll be discussed nore fully below in relation to
the path of fluid from punp 800. Al ternatively, as is
depicted in Figure 39B, novenent of portion 824 to the right

side of body 825 allows fluid flow from passage 827 to passage

828. dearly, as those of ordinary skill in the art would
recogni ze, intermediate positions of portion 824 with respect
to body 825 nmay vary fluid flow accordingly. In this regard,

it is to be understood that novenent of portion 824 within
valve body 825 is generally transverse to that of fluid flow
through valve body 825.

[ 0232] In addition, the nature of valve 821 snoothes out
the flow of fluid to a patient wupon actuation of double sid&d
portion 824, This is best illustrated in the view of Figure
39A where novenent of portion 824 to a closed position
simultaneously creates a space to the left of passages 827 and
828, denot ed by reference nuner al 829. This space 829
receives the excess fluid which has gathered around passages
827 and 828 upon novenent of portion 853 to a closed position,
rat her than the fluid being pushed into the body of the
patient when the valve is closing. In the case of a two piece
824a and 824b needle portion 824, during assenbly, one piece
may be inserted into each side of the core forned in body 825.
Thereafter the pieces 824a and 824b nmay be assenbled together

through a snap connection or the Iike.
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[ 0233] As is mentioned above, notor 822 and offset cam 823
are designed to nove portion 824 of valve 821 to the open
position depicted in Figure 39B upon actuation of the notor.

The general of f set nature of cam 823 essentially pushes
portion 824 upon its rotation in one direction, while rotation
in the other direction allows portion 824 to return to its
original closed position wunder the influence of nmenbers 826a
and 826b. In this regard, nenbers 826a and 826b connecting
needle portion 824 to body 825 allow the left and right
novenent depicted in Figures 39A and 39B without the |oss of

fluid from valve 821. These nmenbers nmay be constructed of a
pliabl e mat eri al , such as rubber or silicone, and are
preferably biased in a single direction. For exanpl e,

nmounting nenbers 826a and 826b may be designed so as to return
portion 824 to the <closed position shown in Figure 39A
Al ternatively, a secondary nechanism may also be provided to
cause portion 853 to nove back to the closed or open position.

Suitable structures may include |eaf springs, additional notor

mechani sns, or the |Iike. It is also noted that nenbers 826a
and 826b could be constructed of other nmterials, such as
titanium or could include both a netal and a polyneric
mat eri al . Fi nal |y, menbers 826a and 826b could include a
central cavity including an oil (e.g., silicone oil) which may

further aid in preventing the loss of fluid from valve 821.

[ 0234] Restri ctor nodule 820 also preferably houses two
pressure sensors 830 and 831 (best shown in Figure 35) that
sit in sensor seats 832 and 833 (best shown in Figures 40 and
41) respectively, a fixed flow resistor or restrictor 834
(best shown in Figure 40), an electronic board 835 having
various electrical conponents nounted thereon, and one or nore
batteries 836. Pressure sensors 830 and 831 are preferably

positioned and wutilized to neasure the pressure of fluid
flowng on either side of fixed restrictor 834. For exanpl e,

sensor 830 is shown positioned so as to take an initial
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pressure reading of a nedicanent or other active substance
being dispelled from chanber 806, and sensor 831 is shown
positioned so as to take a pressure reading when the substance
has passed through fixed restrictor 834. This provides
readings of the pressure of the fluid being dispelled from
punp 800, and also of the pressure just prior to the fluid
entering valve 821. Clearly, the nore closed valve 821 is,
the higher the pressure, and vice versa. These pressure
readings are preferably processed by certain of the various
el ectri cal conmponent s di sposed on board 835 in order to
deternine the flow rate of the active substance being provided
by punp 800. Of course, there are many different fashions in
which this may be done, and those of ordinary skill in the art
would readily recognize that the methods of calculating the
flow rate, as well as the electrical architecture enployed to
do so, mmy vary accordingly. One preferred enbodinent punp
800 wutilizes sensors 830 and 831 that are nanufactured by
Intersema  Sensoric SA of Bevaix, Switzerland and sold under
the part nunber MS 5401. The battery or batteries 836 are
preferably utilized to power the various elenents of nodule
820 which require power. For exanpl e, batteries 836 my
provide power to notor 822, any sensors 830 and 831 being
enployed and the wvarious electrical conmponent s, anong ot her
el enent s. In the enbodinent depicted in Figure 35  batteries
836 are preferably designed so as to fit within a cut out 837
formed in nodule 820, and the two batteries are designed to
power different elenents.

[ 0235] In use, punp 800's operation (with nodul e 820
attached thereto) is not unlike that of punp 700. An active
substance or other fluid is preferably dispelled from upper
chanmber 806 of punp 800 through exit opening 817 in upper
portion 801. This opening is simlar to that of opening 730
of punp 700, and is preferably designed to cooperate with a
corresponding entrance opening 817" (best shown in Figure 45)
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on the underside of restrictor nodule 820. Li kewi se, an exit
openi ng 818’ (also best shown in Figure 45) on the underside
of restrictor nodule 820 is preferably designed to cooperate
with entrance opening 818 in upper portion 801. This leads to
fluid being sent through outlet duct 819 and ultimately
through a catheter (not shown) to a portion of the patient's
body. In order to ensure proper alignment of these openings,
apertures 813a’ and 813b’ (best shown in Figures 44 and 45)

formed in nodule 820 are designed to align with apertures 81l3a

and 813b in upper portion 801 of punp 800, respectively. In
addition, punp 800 includes openings 852 and 854 (best shown
in Fi gure 32) | ocat ed near protrusi ons 817 and 818,

respectively. These openi ngs are designed to receive
protrusions 856 and 858 (best shown in Figure 45) . Thus, the
desi gn essentially i ncl udes four el enent s whi ch ensur e

alignment of nodule 820 on punp 800. Al t hough rmany different
attachment nechanisnms may be utilized in connecting nodule 820
to punp 800, screws 8l4a and 814b are shown in the draw ngs.
The major difference between the flow of a fluid dispelled by

punp 800 and fluid dispelled by punp 700 is the route taken

t hrough nodule 820, which will now be discussed.

[ 0236] Figures 38-43 depict the various passages for fluid
flow through nodule 820. Referring to Figure 40, once fluid
is allowed to pass into nodule 820, it is preferably first fed

through a first passage 838 to the first pressure sensor 830
where an initial pressure reading is taken. Al ternatively, a
separate opening and passage nmay be provided for taking an
initial pressure reading with first sensor 830, although this
may require a separate opening to be formed in portion 801 of
punp 800. Subsequent to the initial pressure being taken, the
fluid may pass through a second passage 839 and into fixed
restrictor 834. As is best shown in Figures 40-41, fixed
restrictor 834 includes a glass capillary 840 or the like, in

which is disposed a filanent 841. Capillary 840 is curved and
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filament 841 is pushed to one side thereof. As is discussed
nore fully above, this construction lends itself well to
reducing the flow of a fluid flow ng therethrough. I nstead of

a capillary, a curved passage could be formed in the material
of nodule 820 and filanent 841 could be disposed within sane.
[0237] Once t hr ough fixed restrictor 834, t he fluid
preferably flows into a passage 842. This passage branches
off to second sensor 831 (where a second pressure reading is
taken) and to passage 827 leading to the needle valve 821. In
addition, at |least passage 839 includes a section which |eads
away from normal fluid flow In this regard, it is to be
understood that sonme fluid my flow in this direction, but
upon the build up of fluid, the closed section wll cause
fluid to run in the contenplated direction. These ancillary
passages nay be provided during the manufacture of nodule 820,
as will be discussed nore fully below Once delivered to

val ve 821, the position of portion 824 within body 825

determines the flow rate to the patient. It is noted that
absent sonme outside forces (e.g., valve 821 reducing the flow
rate) , the maximum flow rate of the fluid will always be its

initial flow rate from chanber 806 reduced by the fixed flow
restrictor 834.

[ 0238] Figures 42 and 43 further illustrate the path taken
by fluid exiting valve 821. More particularly, fluid exiting
valve 821 enters passage 828, and then passes into a passage
843 which leads the fluid out of nodule 820. Thereafter, the
fluid is allowed to pass into passage 844 of punp 800 and
through outlet duct 819. This ultimately leads to the fluid
being delivered through a catheter (not shown) to a patient

site. It is to be understood that any catheter may be
enpl oyed, i ncl udi ng, but not limted to, one or two-piece

cat heters. In addition, a specific connection mechani sm
between such catheter and outlet duct 819 of punp 800 may be
enpl oyed. For exanple, US.  Patent No. 5,423,776 to Haindl,
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the disclosure of which is hereby incorporated by reference
her ei n, teaches a flexible ~coupling for coupling a flexible
catheter to a port that nay be utilized in conjunction wth
the present invention.

[ 0239] Manuf act ur e of punp 800 and restrictor nodul e 820,
may be acconplished in many different f ashi ons. For exanpl e,
the wvarious el enents of nmodule 820 may positioned in the
configuration depi ct ed in t he figures, and thereafter
injection nolded wth a material such as the above-discussed
PEEK nmateri al . QO her suitable materials nmay also be utilized.
Al ternatively, a mld nmy be utilized to form a shell of
materi al , in which the various elenments are disposed. Thi s
shell of material is showmn in Figure 46. Subsequent to either
of the above nolding st eps, the necessary passages for

allowing the nornal flow of fluid through nodule 820 nay be

drilled in the material. Because of -the relatively smal |
nat ure of nodul e 820, this drilling process preferably
includes drilling from the exterior of and into the material
formng nodule 820. This is preferably done multiple tines,
from different angl es, in order to form the necessary
connected passages formng the flow path. Once the necessary
passages are created and a suitable flow path is enbedded in

nodule 820, certain of the remmining and unnecessary exterior

openings <created by the drilling processes are closed up wth
epoxy or sone other sui tabl e mat eri al . This nethod of
manuf act uri ng nodule 820 is evidenced in the aforenentioned

passage 839 which includes the passage extending away from the
fluid flow path. Of course, certain openings remain, such as
t he openings 817" and 818 which allow fluid to flow from
chanber 806 and into nodule 820 and fluid to flow from nopdule
820, respectively. In addition, as is alluded to above, valve
body 825 is preferably ei t her nol ded or mlled into the

mat eri al of nodul e 820. Thus, restrictor nodul e 820 is a

-69~



WO 2013/097956 PCT/EP2012/068105

single stand alone conponent capable of cooperation wth punp
800.

[ 0240] Figures 44 and 45 depict expl oded views of the
cooperation of punp 800 and nodule 820. The affixation of
module 820 to punp 800 is preferably done so that the
components cannot becone dislodged at any point during use.
As is shown, screws are utilized to fixably connect the two
components, wth the screws not only attaching nodule 820 to
punp 800, but also clanping circuit board 835 to nodule 820
(as best seen in Figures 35 and 36), and thereby holding
sensor 830 in seat 832 and sensor 831 in seat 833, as well as
motor 822 in its seat 822a in nodule 820 (see Figure 46)
Al ternatively, such sensors may be affixed in their respective
seat absent force provided by the circuit board. VWhat ever the
att achment of module 820 to punp 800, such is preferably
designed so that the needed cooperating passages of punp 800
and nodule 820 (i.e., 817/817" -and 818/818') not only Iline up,
but create relatively tight interfaces that do not allow
i nadvertent fluid |eakage. Orings may be provided not only
at these connections, but also in the connections between the

sensors and the seats.

[ 0241] As is shown in Figures 36, 37, and 42-45, punp 800
may include a cap 845 which snaps into shoulder 816 of upper
surface 804. This cap preferably provides a cover for nodule
820 from the environnent of the human body. In addition, it

is to be understood that certain or all elenents of nodule 820
(e.g., batteries 836, nmotor 822, sensors 830 and 831, circuit
board 835, etc.) may be packaged in a hernetically sealed
package or packages (schematically illustrated as elenent 844b
in Figures 49A and 49B), which are conventionally enployed in
i npl antabl e nedical devices. Those of ordinary skill in the
art would recognize the many different types of hernetically
seal ed packages that can be enployed in the present invention.

Nonet hel ess, as Wwll be discussed nmnore fully below, certain
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el emrent s (e.g., an antenna 844c) may need to breach t he
barrier created by such packaging (but remain under cap 845)
in order to allow punp 800 and nodule 820 to operate properly.

[ 0242] Fi gures 47 and 48 nmore specifically depicts one
suitable circuit board 835 for use with nodule 820 and punp
800. As nentioned above, this board i ncl udes sever al
el ectronic conponents including a processor chip 846, a nenory
847 for storing a program to be run by chip 846, a capacitor
848 for storing energy from batteries 836, a first anplifier
849 for boosting the signal of sensor 830, a second anplifier
850 for boosting the signal of sensor 831, a dual channel
analog to digital converter 851 for converting analog signals
received from sensors 830 and 831 to digital signal s, i nput
pads 853 wuseful in loading a desired program to nmenory 847, a
power section 854, a notor driver section 855 and a radio
receiver/transmitter section 856. Sensors 830 and 831 include

pads which electrically connect with traces provided on the

under si de of board 835. Wiile Figures 47 and 48 depict an
act ual illustration of a working enbodi nent board 835 (with
conventi onal circuit traces, resistors, contact points, etc..)
those of ordinary skill in the electrical arts would recognize

the nmany different types of connections and circuit el emrent s
that may be enployed to effectuate the desired functionality
of the punmp as shown in Figures 49A and 49B.

[ 0243] Fi gures 49N\  and 49B depi ct a bl ock di agram
illustrating the general operation of nodule 820 and punp 800.
As is clearly shown in those figures, processor chip 846 is
provided wth the information garnered by sensors 830 and 831
so as to provide an instantaneous i ndi cation of flow rate
through the fixed flow restrictor 834. The flow rate desired
for the patient is fed to the processor by line 844a and
conpar ed in the processor to the rate detected across the
fixed flow restrictor. If the desired rate is different from

the current rate flowing through the fixed flow restrictor (as
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detected by sensors 830 and 831), notor 822 is actuated to
nmove portion 824 of valve 821 and thusly effectuate a change

in the flow rate. Motor 822 varies portion 824 of valve 821
until the sensed flow rate across the fixed restrictor equals
the desired rate, at which point notor 822 stops until there

is a new flow rate desired, at which tine the above process
r epeats. Al though many different types of processor chips may
be utilized in nodule 820, such nust conform to the size and
shape restraints of punp 800. For exanple, <chip 846 depicted
in the pictures is designed to fit onto the upper portion
board 835 between the board and cap 845. The particular chip
shown is manufactured by Mcrochip Technologies of Chandler,
AZ and sold under part no. PICl18LF2580. |

[ 0244] The above-noted operation of nodule 820 nay be
designed so as to be an intermittent process, rather than a
conti nuous  process. For exanple, in one enbodinent, nodul e
820 is designed to take pressure readings with sensors 830 and
831 once every fifteen (15 mnutes. Li kew se, in the sane

enbodi nent, nodule 820 is designed to actuate valve 821 once

per hour. This type of operation would facilitate an average
desired flow rate of nedication, rather than a real tine
noni t ori ng and correcting of sane. Qperation in such a
fashion may dramatically inprove battery life and the overall

wor Ki ng life of the various conponent s of nodul e 820.

However, it is to be wunderstood that nodule 820 my be
configured so as to operate at any time interval, including in
real tine. As is shown in Figures 49A and 49B, nodule 820
preferably al so al | ows for t he noni t ori ng of system
t enper at ur e, battery voltage, and power supply voltage. The

sensors utilized in nonitoring these <conditions are |abeled
with reference nunerals  844d, 844e, and 844f for clarity
purposes in Figures 49A and 49B. Any suitable sensors may be
enpl oyed for these purposes, and readings nay be taken at any

time interval. For exanpl e, one enbodi nment takes such
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readings every one (1) second to ensure the health of the
system In addition, it is contenplated to turn the
radi o/ recei ver components on and off every so often (e.g.,

every 15 sees.).

[ 0245] It is also to be understood that often tines sensors
830 and 831 will include an offset in the electrical signals
di spelled by each sensor. For exanpl e, in the above-noted

preferred enbodi nent sensors, the offset can be as high as
plus or mnus 40 nilivolts. Thus, in order to garner an
accurate pressure reading, and thusly, an accurate flow rate
r eadi ng, this offset must be periodically det er mi ned and
corrected. One nmethod for doing so includes closing valve 821
so that no fluid flow from punp 800 to the patient occurs.

This results in a build up of pressure in nodule 820, which,

when equalized, results in identical pressures at sensors 830
and 831 respectively, and should result in identical readings
from each sensor. However , because of the aforenentioned

of f set, the readings wll often be different. Thus, t he

respective readings of sensors 830 and 831 are taken at this

point, and fed to processor chip 846. The difference in the
readings (if any) is registered and then accounted for in
further flow rate calculations. As such, the offset is

periodically reset in order to ensure accurate neasurenments of

the pressures and flow rates. This offset correction process
may be undertaken at any period or at any given interval. For
exanple, in one enbodinent, such offset correction process is

undertaken once a day.

[ 0246] One mmjor benefit provided by punp 800 and nodule
820 is the fact that total drug delivery nay be nonitored by a
doctor or patient. This is contrary to well-known inplantable

punps which require a painful and invasive procedure to be

per f or med in order to detect the anount of nedi canent
di spensed to a patient. As is discussed above, the particular
flow rate being di spensed to the patient is at | east
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periodically nonitored by nodule 820. In sone cases, this
flow rate is kept at an average flow rate for a particular
time period. A controller (like those discussed below) my be
designed to keep a running tab of the anmount of medicanent
di spensed, based on the flow rate readings or average flow
rate. Thus, the patient or doctor may be provided wth a
gauge (possibly built into the controller) which gives a real
time or periodic rmeasurenent of medi canment di spensed or
medi cament remaining wthin punp 800. The latter would nost
likely be based upon the initial anount provided in punp 800.
This is a very inportant benefit provided by punp 800 and its
cooperation w th nodule 820.

[ 0247] The anmount of nedi canment di spensed is therefore
determined by multiplying the average flow rate (or real tine
flow rate) by the time at which the flow rate from punp 800

was such. All of the different tinme periods are accounted for

and the overall amount is determined by adding each of these
i ndi vidual anounts together. As is discussed above, readings
by sensors 830 and 831 my be taken at any interval, for
exanpl e, every fifteen mnutes. In order to maintain an

average flow rate, these readings are taken and a correction
of valve 821 position is only done when the flow rate deviates
from the desired flow rate by a certain anount. For instance,
is certain enbodiments, a correction of the flow rate is nade
when the flow rate deviates by 10% of the overall flow rate.
Thus, if the punp is operating at 10% less of a flow rate than
that which is desired, a correction is made so as to |level out
the average flow. In that case, valve 821 would be actuated
so as to allow for a flow which is slightly higher than the
desired flow This preferably equalizes the average flow over
the particular tinme. Of course, if the average flow is 10% or
nore higher than the desired flow, valve 821 would be actuated
to allow for a lower flow rate. M nor deviations in flow rate

caused by wear of the conponents and the I|ike can also be
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dealt with through this method of nonitoring and varying the
flow. Once again, operation in this fashion prevents the
const ant use of the particular power source of punp 800,
thereby extending its useful life.

[ 0248] As noted previously, restrictor nodule 820 my be

remotely controlled to properly di spense a predetermnned

anount of an active substance to a patient. Such external
controllers, for exanple, which transmt RF, nmagneti c or
electric field, or other signals, are well known in the art

and may be designed so as to be easily operable by a doctor,

ot her nedical professional, or even the patient having punp
800 implanted in their respective body. For exanple, Figure
49A depicts punp 800 being wutilized in conjunction wth a PC

whi l e Fi gure 49B depicts punp 800 bei ng utilized in
conjunction wth a handheld device. It is noted that the
handhel d device my be any sui table devi ce, such as a stand-
al one device or one which incorporates other wuseful features.

For instance, a controller for wuse in connection wth the
present invention nay be incorporated into a blackberry, PDA
or other handheld device. An antenna 844c nmay be disposed
between board 835 and cap 845, and associated wth radio
receiver/transmtter section 856 of board 835. Preferably,

this antenna extends through any hernetically sealed package
that may be enployed, so that clear transnission is ensured.

Qperation of punp 800, and in particular restrictor nodule
820, may involve the inplenentation of different algorithns or

prograns in order to produce the desired flow rate from punp

800. Such are also well known in the art, and may also be
pr ogr ammed externally or hardw red into nodule 820. The
af orenenti oned i nput pads 853 may be useful in loading

different prograns into nenory 847.

[ 0249] It is noted that other designs for restrictor nodule
820 mmy be enployed, as can many different manuf act uri ng
processes. For exanple, it is envisioned to include nore or
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less elements within nodule 820. I'n addition, it is noted
that the depiction of nodule 820 shown in Figures 35-46 is
nmerely but one enbodinment of a suitable nodule, and others are
envi sioned which employ different shapes and/or sizes, as well

as different configurations of the elenments disposed therein.

It is also to be wunderstood that, while described above, as
being constructed of PEEK naterial or the like, punp 800
and/or nmodule 820 may be of any bioconpatible mat eri al or
conbi nati on thereof. For instance, upper portion 801 and the
other portions of the min housing of punp 800 may be a PEEK
material, while restrictor nodule 820 is constructed of or the
vari ous comnponents of nodule 820 are encapsul ated with a
netallic material. Li kewi se, the attachment of nodule 820 to

punp 800 may be acconplished in nany different fashions.

[ 0250] Finally, it is envisioned to provide a constant flow
restrictor nodule capable of cooperating with a punp like punp
800. As is shown in Figure 50, nodule 820 is capable of
cooperating wth punp 800. Essential ly, this constant flow

nodul e 820 enploys a simlar attachment configuration for
attaching to punp 800, as that of nodule 820 (e.g., apertures
813a" and 813b' which cooperate wth screws 8l14a and 814b
di scussed above) , but does not include the various elenents
useful in varying the flow rate of fluid dispelled from the
punp. Rat her, as is shown in Figure 50, nodule 820" enploys a
simlar overall size and shape, but only includes a single
fixed flow restrictor 834", which includes a first side 834a’
for receiving a fluid from chanber 806 and a second side 834b'
for dispelling fluid for ultimte delivery through outlet duct
819 of punp 800. Thus, in use, fluid dispelled from chanber
806 of punp 800 is fed through restrictor 834" . It is
specifically contenplated to provide a nodule 820° which only
allows for a specific flow rate, and such flow rate my be
deliberately designed to be less than that capable of being

produce from chanber 806 of punp 800. Essentially, the flow
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rate of fluid through nodule 820" is dictated by the dianmeter

of restrictor 834', with larger dianmeters allowing faster flow
rates and smaller diameters allowing for slower flow rates.

It is to be understood that, I|ike fixed flow restrictor 834,

restrictor 834" my enploy a filament to further reduce the
flow rate of fluid passing therethrough. Figure 51 depicts

punp 800 with nodule 820° attached thereto, and it is to be
understood that cap 845 nmay further be connected to punp 800
in a fully constructed and ready to inplant punp system

[ 0251] A further preferred enbodinent i npl antable punp is
depicted in its fully constructed state in Figs. 52-58, and is
designated with reference nuneral 2000. Punp 2000 differs
from punp 800 in its specific programmable nodule design. In
parti cul ar, punmp 2000 includes a progranmable nodul e that

includes a hernetically sealed portion in order to prevent

i nadvertent contam nation of certain of the conponents of the

punmp when such is inplanted in the body. All of this wll be

di scussed nor e fully bel ow, as wll the operation of
punp 2000.
[ 0252] Turni ng now to the specifics of the further

enbodi ment  desi gn, punp 2000 includes an upper portion 2002
(best shown in Figs. 82, 83, and 85), a lower portion 2004,
and a cover 2006 which is renovably engaged wth the upper
portion. The cooperation of these elenents, as well as other
conmponents of punp 2000, wll be addressed nore fully below
Li ke other of the punps discussed above, punp 2000 includes a
central septum 2008 for use in refilling a nedicanent chanber,

and a ring septum 2010 for wuse in adninistering a bolus dose

to a patient. While shown as ring-shaped, septum 2010 may be
many other designs, including one or nore circular holes, like
septum  2008. Mor eover, punmp 2000 i ncl udes a catheter

connector 2012 for wuse in fluidly connecting a catheter to

| ower portion 2004, which is also formed wth a series of
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suture holes 2014 for use in affixing punp 2000 to the human
body .

[ 0253] Like in other of the enbodinent punps di scussed
above, upper portion 2002, |ower portion 2004, and cover 2006
may |argely be constructed of PEEK, netal, or the like. Sept a
2008 and 2010 may be formed of silicon or any other material
suitable for allowing for the necessary sealing of the ports
the septa overlie, bot h prior and subsequent to the
introduction of a syringe, needle, or cannula therethrough.
Li kewi se, connector 2012 nmay be nmany different materials, wth
PEEK or nmetal bei ng preferable. Connector 2012 may also be of
many different configurations depending upon the catheter that
is ultimately connected to punp 2000. In addition, it is
contenplated to form connector 2012 integral wth punp 2000 or
as a renovabl e conponent.

[ 0254] Fig. 59 depicts punp 2000 with cover 2006 renoved
t herefrom As can be seen in this figure, as well as several
others that follow, punp 2000 includes a progranmable nodule
consisting of a hernetic enclosure 2016, a valve unit 2018,
and an antenna assenbly 2020. The programable nodule s

showmn w thout the remminder of the elenments of punp 2000 in

Figs. 60-62. Figs. 63-72 focus on hernetic housing 2016 and
its conponents, and Figs. 73-81 focus on valve unit 2018 and
its conponents. These figures and the elenments shown therein
will now be discussed in detail.

[ 0255] Wth reference to Figs. 60-62, the conponents of

pr ogr anmabl e nodul e 2015 are arranged such that hernetic
housing 2016 receives valve wunit 2018 within an appropriately
si zed recess 2022, and val ve unit 2018 recei ves ant enna
assenbly 2020 on a top portion thereof (discussed nore fully
bel ow) . Hermetic housing 2016 is provided wth a central
aperture 2024 that allows for access to the aforenentioned
central septum 2008. Mor eover, progranmabl e nodule 2015 is
preferably sized such that it does not cover ring septum 2010
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when assenbled with the remainder of punp 2000. In the
particul ar enbodi nent shown, pr ogr ammabl e nmodul e 2015 is
ci rcul ar - shaped to cooperate wth circul ar-shaped upper and
| ower portions 2002 and 2004. However, it is to be understood
that programmable nodule 2015 may be of any shape necessary to

cooperate wth the remainder of the conmponents of punp 2000.

For instance, it is envisioned to provide a square-shaped or
r ect angul ar - shaped pr ogr ammabl e nodul e 2015 t hat woul d
cooperate with 1ike-shaped upper and | ower portions 2002
and 2004. Simlarly, while aperture 2024 is shown as circular

for cooperating wth circular central septum 2008, such can
also be of any different shape as dictated by the shape of the
central septum

[ 0256] Al t hough hernetic housing 2016 and valve wunit 2018
are two separate components, they are fixed in place wth
respect to one another by virtue of their cooperation wth
upper portion 2002. This cooperation is shown in Figs. 60-62
despite the housing and valve wunit being shown wthout the
remai ning conponents of punmp 2000. Hermetic housing 2016 is
showmn as being constructed of an upper housing portion 2026
(best shown in Figs. 60 and 61), a |ower housing portion 2028
(best shown in Fig. 62), and a bracket 2030, which are also
shown individually in Figs. 66-70. These conponents are, in
the preferred enbodinment depicted in the drawi ngs, constructed
of titanium although any sinlar naterial may be utilized.
For instance, it is envisioned that other enbodinents my
enploy a hernetic enclosure fornmed of stainless steel or the
like. On the other hand, valve unit 2018 is largely
constructed of PEEK, which is utilized in certain of the other
enbodi mnents described above. The formation of housing 2016
out of titanium or the like is dictated by the need to protect
the components housed within its interior.

[ 0257] Wth focus on Fig. 62, it is shown that hernetic
housing 2016 includes two connecting pins 2032A and 2032B
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extending from |ower housing portion 2028 for connection wth

upper portion 2002 of punp 2000. Valve unit 2018 |ikew se
i ncl udes pins 2034A and 2034B for connecti on with upper
portion 2002, as well as an aperture 2036 for use in receiving
a fastener, such as a screw 2038. Screw 2032 is also designed
for engaging upper portion 2002 of punp 2000. As is also
shown in Fig. 62, a first pressure sensor 2040 extends through
| ower housing portion 2028. Now referring to Figs. 63-65 a
second pressure sensor 2042 and a feed through 2046 extend
through bracket 2030, and the bracket is fornmed wth an
aperture over which a flexible nmenbrane 2044 is placed. Al |

of these elements and their cooperation wth the renmainder of

punmp 2000 will be discussed nore fully bel ow

[ 0258] As is noted above, Figs. 66-70 individually depict

upper housing portion 2026, | ower housing portion 2028, and
bracket 2030, which cooperate wth one another in order to
form hernetic housing 2016. In particular, upper portion 2026

is shown in Figs. 66 and 67 as formed wth aperture 2024

t her et hr ough in order to allow for access of the central
septum and i ncl udes a flat upper nmenber 2048 and a
circunferenti al lip 2050 extending therefrom As is best

shown in Fig. 67, this at least partially defines an interior

space wthin hernetic housing 2016 for receipt of other
conmponents of punp 2000. As is shown in Figs. 68 and 69,

| ower housing portion 2028 includes a substantially flat | ower
nmenber 2052 and a central substantially cylindrical

section 2054 which cooperates with aperture 2024 to provide
access to the central sept um while also sealing off the
interior space of hernetic housi ng 2016. Lower housi ng
portion 2028 is also forned with apertures 2056A and 2056B for
receiving pins 2032A and 2032B, respectively, and an
aperture 2058 for al | owi ng a portion of first pressure
sensor 2040 to extend therethrough. Both upper and | ower

housing portions 2026 and 2028 are also forned with a slot for
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receiving and cooperating wth bracket 2030. As is shown in
Fig. 70, bracket 2030 is generally U shaped and includes
aperture 2060 through which pressure sensor 2042 extends,

aperture 2062 over which nenbrane 2044 lies, and aperture 2064
through which feed through 2046 extends. As is noted above,

each of upper housi ng portion 2026, | ower housi ng
portion 2028, nenbrane 2044 and bracket 2030 are formed of

titani um and are preferably affixed to one another iin a
manner in which housing 2016 remains hernetically sealed. In
the preferred enbodi nent shown, the three conponents are

wel ded together subsequent to adding the other conponents of
pr ogr ammabl e nmodul e 2015 within the interior space of the
housi ng. Of course, other manners of affixing my be enpl oyed
in the construction of housing 2016, however, such ot her

manners should result in a hernmetic sealing of the nodul e.

[ 0259] Fig. 71 depicts a fully assenbl ed hernetic
housing 2016 with wupper housing portion 2026 and bracket 2030
removed therefrom As can be seen in that figure, as well as
in Fig 72 whi ch shows the same view wth additional

conmponents renoved therefrom hernetic housing 2016 includes a
conmponent support 2066 that is generally constructed of PEEK
or Delrin and configured so as to receive and arrange certain
conmponents within the housing. For instance, as is best shown
in Fig. 72, conmponent support 2066 includes an aperture 2068
for receiving a notor 2070, an aperture 2072 for receiving
second pressure sensor 2042, a slot 2074 for receiving first
pressure sensor 2040, and slots 2076A and 2076B for receiving
batteries 2078A and 2078B, respectively. Mor eover, hernetic
housi ng i ncl udes, as is shown in both Figs. 71 and 72, a
circuit board 2080 for controlling the operation of the other
elenents of the hermetic housing in response to infornation
received from first and second pressure sensors 2040 and 2042
and/or antenna assenbly 2020. Circuit board 2080 extends at

| east partially under conponent support 2066, but it is
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contenplated to form the board in many different shapes and/or
Si zes. Li kew se, as is shown in Fig. 71, batteries 2078A and
2078B are each covered by foam elenents 2079A and 2079B,
respectively. These elenents preferably serve the dual
purpose of protecting and keeping the batteries in place. Of
cour se, other elements my be enployed to serve the sane
pur poses. Feed through 2046 is also shown in Fig. 71 It is
to be understood that such element allows for a signal (from
antenna assenbly 2020) to be fed into housing 2016.

[ 0260] In addition, it is showm in Fig. 71 (and even nore
clearly in Figs. 71A and 71B) that notor 2070 is fitted wth
an eccentric gear or cam 2082 and a ball bearing 2084, which
cooperate with a nut 2086, adjustnent 2088, and nenbrane 2044.
As shown in Fig. 71A notor 2070 consists of a stepper notor
2070a and a gearbox 2070b. The notor also includes a
connector 2071 for affixing nmotor 2070 in place. Nut 2086 and
adj ustment 2088 are shown in Fig. 71B, with a notor adjustnent
plate 2089 also being shown. Plate 2089 is preferably affixed
t o conponent support 2066. When fully assenbled, rotation of
nut 2086 preferably noves adjustnment 2088 so as to allow for
nmotor 2070 to inpart greater or lesser force upon nenbrane
2044. This operation wll be discussed nore fully bel ow

[ 0261] Valve unit 2018 is further depicted in Figs. 73-81.
Valve wunit 2018 includes a body 2090 constructed generally of
a polymer, such as PEEK or the 1ike. As is noted above,
body 2090 i ncl udes aperture 2036 through which screw 2038
extends to affix valve unit 2018 to upper portion 2002 of punp
2000. Pins 2034A and 2034B also extend from a bottom portion
of housing 2090. In addition, body 2090 includes a slotted
section 2092 in which antenna assenmbly 2020 is placed, a
central opening 2094 through whi ch a doubl e-sided val ve
(discussed below) is placed, an entrance opening 2096 (best
shown in Fig. 79 for receiving fluid from the nedication

chanmber of the punp, a pressure sensor opening 2098 (best
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shown in Fig. 76) from which fluid can flow to pressure

sensor 2042, and an exit opening 2100 from which fluid can
flow back to the punp and ultimately out of the catheter. It
is noted here that each of the openings in the valve body may
include an Oring or the Ilike in order to ensure a seal

between the corresponding portions of punp 2000 they are neant

to fluidly comunicate wth. Moreover, it is also noted that

while a specific shape and size of valve unit 2018 is depicted
in the preferred enbodi ment showmmn in the figures, it is
cont enpl at ed that many different sizes and shapes my be
enpl oyed. In fact, the specific size and shape shown is such
so as to allow valve wunit 2018 to properly cooperate wth
hernmetic housing 2016. I f housing 2016 changes, valve unit

2018 can change accordingly.

[0262] Fi gs. 80A-80C depi ct val ve unit 2018 Wi th
housing 2090 shown in transparent. The cooperation of
pins 2034A and 2034B can be seen in this fi gure, as can the
pl acenent of a doubl e-si ded val ve stem 2102 Wit hin
aperture 2094. Also shown are a duct 2103 allowing fluid that
enters entrance openi ng 2096 to flow into contact Wi th
pressure sensor openi ng 2098 (and thusly pressure sensor
2042), a duct 2104 (best shown in Figs. 80B and 80C) allow ng
fluid to flow from pressure sensor 2042 to valve stem 2102,

and a duct 2106 allowing fluid to flow from valve stem 2102 to
exit opening 2100. Thus, fluid flowing into valve unit 2018
(1) is subjected to a pressure reading by sensor 2042, (2 has
its flow rate varied by valve stem 2102, and (3) exits opening
2100. It is to be wunderstood that the various openings

(including those in which pins 2034A and 2034B are placed) and

ducts are all formed within housing 2090. Such housing nmay be
nol ded or forned in separate pieces. Moreover, it is possible
to mll or otherwise form housing 2090 from a solid naterial
bl ock .
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[ 0263] Figs. 81A and 81B focus on valve stem 2102, which is
made up of two cone portions 2108 and 2110. The two cone
portions are preferably designed so that they snap together or
otherwwse affix to each other. Wiile ~cone portion 2108 is
generally a solid portion, <cone portion 2110 is constructed of
t wo i ndi vi dual conponent s, i.e., stem portion 2112 and
silicone cone portion 2114. Mor eover, cone portion 2108 is
fitted at one end with a resilient silicone disc 2116 and cone
portion 2110 is likewwise fitted at its end wth silicone
di sc 2118. VWiile silicone cone portion 2114 is wuseful in
providing a seal when required (i.e., when no flow is desired
from punp 2000), silicone discs 2116 and 2118 are designed to
bias valve stem 2102 in a certain direction wthin aperture
2094. Thus, novenent of valve stem 2102 must be provided by
an outside source. The silicone discs also act so as to seal

opening 2094 so that no fluid can escape therefrom during
operation of punp 2000. Cone body 2108 is also provided wth
fasteners 2120a and 2120b, while cone body 2110 is provided

with fasteners 2122a and 2122b. Cone body 2110 is also
provi ded with an adjustnent screw 2124 which allows for
another nmeans to adjust the ultimte operation of valve stem
2102. It is noted that aperture 2094 is preferably formed at
its ends wth shoulders so that after insertion of cone
bodies 2108 and 2110 on opposite sides of the wvalve unit,

appl i cation of nut 2124 and screw 2126, valve stem 2102 s
secured within body 2090. Moreover, adjustment of screw 2124
determnes the overall amount of that valve stem 2102 can

slide within aperture 2094.

[ 0264] Figs. 82-85 depi ct the remai nder of  punp 2000.
Speci fically, Figs. 82 and 83 depi ct punp 2000 with
programmabl e nodule 2015 renoved therefrom while Figs. 84 and
85 show upper portion 2002 and | ower portion 2004,
respectively, uncoupled from each other. As can be seen in

Figs. 82, 83, and 85, upper portion 2002 is provided wth
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apertures 2130A-F through which screws 2132A-F are placed to
af fix upper portion 2002 to |ower portion 2004. For
illustrative purposes only, screws 2132A-F are shown affixed
to lower portion 2004 in Fig. 84, wthout wupper portion 2002
al so attached thereto. Moreover, upper portion 2002 is shown
as being formed wth apertures 2134A and 2134B for receiving

pins 2032A and 2032B, respectively, of hernetic housing 2016,

apertures 2136A and 2136B for cooperating with pins 2034A
and 2034B, respectively, of valve wunit 2018, and aperture 2138
for receiving screw 2038 to affix valve unit 2018 to the upper

porti on. As is best shown in Fig. 85 upper portion 2002 also
i ncl udes aperture 2140 for al | owi ng fluid to flow into
entrance opening 2096 of valve wunit 2018, and aperture 2142
for allowing fluid to flow back into the upper portion from
exit opening 2100 of valve wunit 2018. In a fully constructed

state (like in Figs. 82 and 83), those two apertures are

provided with stens 2144 and 2146, respectively, for ensuring

the conmunication wth the apertures of the valve unit. These
stens may include Ovrings or the like in order to ensure a
proper seal between the apertures and the openings. Upper

portion 2002 also includes an aperture 2148 which cooperates
with and recei ves a portion of pressure sensor 2040.
Aperture 2148 preferably includes an Oring or the like to

ensure a sealed cooperation wth pressure sensor 2040.

[ 0265] Figs. 86 and 87 depict cross-secti onal views of
upper portion 2002 and | ower portion 2004 construct ed
t oget her, whil e Figs. 88 and 89 depi ct t he same
cross-sectional views of a fully assenbled punp. Upper

portion 2002 and |ower portion 2004 cooperate so as to capture
a propellant bag 2150 conmprising an upper nenbrane 2152a and a
| ower nmenbrane 2152b. This is also showmn in nore detail in
Fig. 91 and discussed nore fully below As is known in the
art and described nore fully above, said propellant bag is

preferably filled with an isobarically expanding propellant in
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order to provide a constant flow from the construct shown in

Figs. 86-89. Wi | e | ower menbrane 2152b and an upper
surface 2154 of |ower portion 2004 essentially touch one
anot her, upper nmenbrane 2152a and a |ower surface 2156 of

upper portion 2002 form a nmnedicanment chanmber therebetween.

When propellant contained within the propellant envelope fully
expands, upper menbrane 2152a rests agai nst | ower
surface 2156. However , when the propellant is not fully
ext ended, as is shown in Figs. 86-89, a space between those
two elenments exists. Medi cament may be stored in this space,

and dispelled from the punp during the expanding of the
i sobaric propel | ant . Surfaces 2154 and 2156 are shown
enploying either generally concave or conbination concave and
convex shapes. These configurations may aid in the overall

reduction in the size of the punp (as is discussed above) , but
ot herwi se, may be of any configuration known in the art.

Anong other things, Figs. 88 and 89 show a connection 2158

between upper portion 2002 and cover 2006. VWiile this is
shown as a snap-fit connection, it is to be understood that
any suitable connection may be enployed, including screwable

connections or the Ilike.

[ 0266] Fig. 90 is an exploded view of the constant flow
nodul e. In addition to the elements already discussed in
connection wth Figs. 82- 89, Fig. 90 depicts a resistor

capillary 2160, filter «capillary 2162, needle stop 2164, and
0-rings 2166. The latter two elenents are useful in
preventing over insertion of a needle, preventing nedication

from |leaking out of the reservoir and maintaining propellant

bag 2150 in place, respectively. Capillaries 2160 and 2162,
on the other hand, are useful in providing a maximum flow rate
from the constant flow nodule. Filter capillary 2162 s

preferably an elongate filter which allows fluid to pass
t heret hrough, but prevents unwanted particles to do the sane.

Resister capillary 2160 is preferably an elongate tube with a
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relatively small dianmeter, so that fluid passing therethrough
can only do so at a maximum flow rate. Both capillaries may
be situated in an arcuate fashion wthin punp 2000, which
allows for more length of each to be disposed wthin the
relatively small punp.

[0267] Fi g. 91 depicts propellant bag 2150 in a nore
detail ed exploded nanner. As is showmn in that figure bag 2150

includes already discussed upper and |ower nmenbranes 2152a and

2152b, respectively. An additi onal menbrane 2168 is shown
preventing nenbrane 2152a from contacting the nmedication fluid
directly as well as a refill pouch 2170. The latter elenment
is discussed in nore detail in US Patent Application Serial
No. 12/ 609, 385 ("the '385 Application"), the disclosure of
which is hereby incorporated by reference herein. Anong ot her

el enent s, pouch 2170 includes a septum 2172, which is useful

in initially filling it wth propellant. The pouch is
preferably designed to allow propellant contained therein to
perneate into propellant bag 2150 in which it is placed during
assenbly of the punp. It is to be understood that both upper
menbranes 2152a and 2168, as well as |ower nenbrane 2152b may
be of any construction. In a preferred enbodinent, upper
menbr ane 2152a and |lower nenbrane 2152b are tri-lamnate

foils, which additional upper nenbrane 2168 is a PET foil.

[ 0268] The construction of punp 2000 will now be discussed.

First, septum 2008 is placed in its appropriate |ocation and
secured with needle stop 2164. Thereafter, resistor capillary

2160 and filter <capillary 2162 are placed into upper portion

2002 wusing known nethods, including the wuse of one or nore
glue spots. The propellant bag formed by nenbranes 2150
and 2152 is then filled with a propellant through any well
known neans. For instance, through the use of pouch taught in
the above-discussed '385 Application. Orings 2165 and 2166

are placed in the appropriate grooves in upper portion 2002
and |ower portion 2004. The propellant bag is then placed

-87-



WO 2013/097956 PCT/EP2012/068105

bet ween upper portion 2002 and | ower portion 2004, and
screws 2132A-F are placed through apertures 2130A-F of upper
portion 2002 and carefully tightened. Septum 2010 is then
placed in its appropriate locations, which essentially creates
the constant flow punp portion or nodule of the device.

[ 0269] Wor ki ng W th a fully constructed hernetic
housing 2016 and valve wunit 2018, such conponents are placed
t oget her. That construct is then placed on upper portion 2002
so that the various pins of the hernmetic housing and the valve
unit align W th t he correspondi ng apertures of upper
portion 2002. It is noted here that in addition to screw 2038
affixing valve wunit 2018 to upper portion 2002, other neans
may be utilized to affix hernmetic housing 2016 or valve unit
2018 to the upper portion. For instance, pins 2032A and 2032B
may be designed so as to cooperate with after-placed struts or
the |like in order to prevent the renoval of hernetic
housing 2016 from the renminder of the punp construct. Wth
hernetic housing 2016 and valve wunit 2018 in place, antenna
assenbly 2020 and cover 2006 can then be added to the punp,

which is then in a fully constructed state.

[0270] During operation of punp 2002, a propellant placed
bet ween nenbranes 2150 and 2152 is preferably caused to expand
i sobarically wunder nornal body tenperature. It is noted here
that other types of propellants can be utilized, i ncl udi ng

other expanding gas propellants or even nmechani cal punpi ng
mechani sns. Whatever the case, a constant flow of fluid is
preferably then expelled through both apertures 2140 and 2148
of wupper portion 2002 (best shown in Figs. 82 and 85) . The
fluid dispelled from aperture 2148 is utilized by pressure
sensor 2040 to take an initial pressure reading of the fluid
being dispelled from the constant flow portion of the punp.
The fluid wultimtely dispelled from aperture 2140 is first
passed t hr ough filter capillary 2162 and then resistor

capillary 2164. The former prevented unwanted particulates to
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pass through the remainder of punp 2000, while the Ilatter
provides the fluid that does pass through the filter capillary

with a maxinmum flow rate. Once dispelled from aperture 2140,
t he fluid i's i ntroduced into valve unit 2018 through
aperture 2096. This fluid then passes through duct 2103 en

route to pressure sensor opening 2098 and thusly pressure
senor 2042, where a second pressure reading is taken. The
fluid then passes through duct 2104 and into contact wth
val ve stem 2102. Dependi ng upon the positioning of the valve,

the flow rate may or may not be reduced. After passing around
valve stem 2102, and in particular silicone portion 2114, the
fluid then travels through duct 2106, out of exit opening
2100, and back to the constant flow portion of the punp
through aperture 2142. The pressure readings taken by
pressure sensors 2040 and 2042 are utilized by other portions
of hernetic housing 2016 (nost notably the circuit board) to
determine the flow rate based upon the conparison of the first
pressure reading from the first pressure sensor 2040 and the
second pressure reading from the second pressure sensor 2042.

If a change in flow rate is desired, motor 2070 is then
utilized to rotate the eccentric gear which in turn pushes
menbrane 2044 engaged wth screw 2126 of valve stem 2102.

This interface causes novement of the valve within valve unit

body 2090. Because of the configuration of nenbrane 2044,
novement is thus applied to valve stem 2102 while nmaintaining
the seal of the hernmetic sealing of housing 2016. Utimtely,

because of <certain ducts l|ocated in upper portion 2002 and
| ower portion 2004, the fluid is ultimately dispelled through
a catheter connect ed with catheter ~ connector 2012 to a
particul ar area (or areas) of the body. As such, the
cooperation anong upper portion 2002, | ower portion 2004,

hernmetic housing 2016, and valve wunit 2018 provides for a
fully pr ogr anmabl e punp capabl e of  varying flow rates

t herefrom
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[0271] During a refilling procedure in accordance wth
either punp 800 or punp 2000, the output value of the first

sensor (sensor 830 in the case of punp 800 and sensor 2040 in
the case of punp 2000) can be nonitored in order to confirm
whether a refill needle or the like is properly positioned (in
repl eni shnent port 809 of punp 800 and through <central

septum 2008 of punp 2000) or not. Essentially, the doctor or
ot her nedical professional conducting the refill procedure may
si mul t aneousl y noni t or the output values provided by the

respective first sensor by allowng for an external device

such as a laptop, handheld device, or the like to comrunicate
with the punp. If the refill needle or other apparatus is
properly positioned, the first sensor will read a pressure of
the fluid injected into the nedication chamber of the
respective punp. This pressure reading wll continue to
increase wuntil the refill procedure is conplete, which wll

also be the highest pressure reading taken by the first
sensor. This additional functionality of punps 800 and 2000
is an additional safety feature afforded by the devices.
VWere other punps enploy intricate nonitoring devices or the
like to ensure proper positioning of a needle during a refill
pr ocedur e, the present i nvention does not require any

addi tional conmponents to achieve the sane goal.

[0272] Al though the invention herein has been described
wth ref erence to particular embodi nent s, it is to be
understood that these enbodinments are nerely illustrative of
the principles and applications of the present invention. It

is therefore to be understood that numerous nodifications may
be made to the illustrative enbodi ment s and that other
arrangenents nmay be devised w thout departing from the spirit
and scope of the present invention as defined by the appended
cl ai ns.

| NDUSTRI AL APPLI CABI LI TY
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[0273] The present i nvention enj oys wi de i ndustri al
applicability i ncl udi ng, but not limted to, provi di ng

i npl antable punps with flow varying capabilities
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CLAI M5

1. A progranmable nodule for wuse with an inplantable

punp conpri sing

a hernetic housing having a conpletely sealed
interior, the interior including a first pressure sensor, a
second pressure  sensor, an actuation mechani sm and an

interface in contact with the actuation nechani sm

a valve unit including a valve in contact wth the

i nterface .

2. The progranmable nodule of <claim 1, wherein the
hermetic housing includes an upper portion, a lower portion,
and a bracket, wherein the valve wunit is disposed within a
recess formed by the bracket.

3. The progranmable nodule of <claim 1, wherein the
actuation nechanism includes a notor, an offset cam and a

fl exi bl e nmenbrane.

4. The pr ogr amabl e nodul e of claim 3, wher ei n
operation of the nmotor and offset cam causes the flexible

menbrane to flex.

5. The progranmable nodule of <claim 4, wherein the
valve is a double sided needle valve, and the flexing of the
flexi ble menbrane causes translation of a stem of the double

si ded needl e val ve.

6. The progranmable nodule of claim 1, wherein portions
of the first and second pressure sensors extend out of the

hermetic housi ng.

7. The progranmable nodule of <claim 6, wherein the

portion of the second pressure sensors extending out of the
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hermetic housing is in fluid comunication wth the valve

unit .

8. The progranmable nodule of <claim 1, wherein the

valve unit further includes first, second, and third openings.

9. The programable nodule of claim 8, wherein one of
the openings is in communication wth the second pressure

sensor .

10. The programmable nodule of claim 1, wherein the
interior further includes at |east one battery and a circuit
board in comunication wth the battery and the first and

second pressure sensors.

11. The programmable nodule of <claim 1, wherein the
hermetic housing includes a duct fornmed therethrough.

12. A kit including the programmable nodule of claim 1
coupled wth a constant flow punp.

13. A progranmabl e punp system for dispensing an active

substance at varying flow rates to a patient conprising:

a punp including an upper surface, an active
substance chanmber, a first opening in fluid communication wth
the active substance chanber and a second opening in fluid

communi cation with a catheter;

a hernmetic housing attached to the punp including a
first pressure sensor in fluid conmunication wth the active
substance chanber, a second pressure sensor, and an actuator;

and

a valve unit attached to the punp housing including
a third opening in fluid communication with the first opening,
a fourth opening in fluid comunication wth the second

openi ng, a fifth opening in fluid communication wth the
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second pressure sensor, a valve body, a valve stem disposed

with in the valve body and in contact with the actuator.

14, The punp system of claim 13, wherein the punp
further includes a propellant chanber separated from the

active substance chanber by a first flexible nenbrane.

15. The punp system of claim 13, wherein the valve has a

longitudinally varying cross section along its |ength.

16. The punp system of claim 13, wherein the hernetic

housing is conpletely sealed.

17. The  punp system of claim 13, wher ei n during
operation of the punp, a fluid dispelled from the active
substance chanber passes through the first opening, through
the third opening, through the valve body of the nodule,
through the fourth opening of the wvalve wunit, through the

second opening of the housing, and through the catheter.

18. The punp system of claim 17, wherein the punp
housi ng further i ncl udes a sixth openi ng in fluid
conmuni cation wth the active substance chanber, and fluid
dispelled from the active substance chanber passes through the

sixth opening and into contact with the first pressure sensor.

19. The punp system of claim 18 wherein the valve unit
further includes a seventh opening in fluid conmunication wth

the second pressure sensor.

20. The punp system of claim 13, wherein the punp

further includes a fixed flow resistor, including a capillary.

21. The punp system of claim 20, wherein fluid dispelled
from the active substance chanber passes through the fixed

flow resistor prior to passing through the first opening.

_94_



WO 2013/097956 PCT/EP2012/068105

22. The punp system of claim 13, further conprising a
cap attached to the punp and covering the hernetic housing and

the valve unit.

23. The punp system of claim 13, wherein the actuator

includes a notor, an offset cam and a flexi ble nenbrane.

24. The punp system of claim 23, wherein operation of
the mptor and offset cam causes the flexible nmenbrane to flex,

the flexing causing the valve to translate.

25. The punp system of claim 13, wherein the hernetic
housi ng further i ncl udes a processor chip capable of
processing pressure information from the first and second
pressure sensors, an electronic circuit board, the processor
chip being nmounted on the electronic circuit board and antenna
nount ed on t he val ve uni t for receiving i nformati on

representative of a desired flow rate from an outside source.
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