2013/052579 A1) 000 AP0 O 0 00

<

W

(43) International Publication Date

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

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

11 April 2013 (11.04.2013)

WIPOIPCT

(10) International Publication Number

WO 2013/052579 A1l

(51) International Patent Classification: DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
A6IM 5/168 (2006.01) GO1F 23/54 (2006.01) HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
GO1F 23/16 (2006.01) KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,

. .. i 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/US2012/058614 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,
4 October 2012 (04.10.2012) M, ZW.

(25) Filing Language: English (84) Designated States (unless otherwise indicated, for every

L ) kind of 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,
13/269,088 7 October 2011 (07.10.2011) US TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,

(71) Applicant: MEDTRONIC, INC. [US/US]; 710 Medtron- MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
ic Parkway NE, Minneapolis, Minnesota 55432 (US). TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,

(72) Tnventor; and ML, MR, NE, SN, TD, TG).

(71) Applicant (for US ornly): MIESEL, Keith A. [US/US]; Declarations under Rule 4.17:

896 Ashland Avenue, St. Paul, Minnesota 35104 (US). — as to applicant’s entitlement to apply for and be granted a

(74) Agents: BAUMAN, Mary P. et al.; Medtronic, Inc., 710 patent (Rule 4.17(i1))

Medtronic Parkway NE, Minneapolis, Minnesota 55432 __ as to the applicant's entitlement to claim the priority of the
(US). earlier application (Rule 4.17(iii))
(81) Designated States (unless otherwise indicated, for every Published:

kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,

with international search report (Art. 21(3))

(54) Title: RATIOMETRIC PLUNGER ASSEMBLY FOR VOLUME SENSING APPLICATIONS

FG-4

(57) Abstract: A volume sensing system for use in determining a volume of a variable volume reservoir can include a lower plunger
(126) that can have a first end (190) adapted to move with a bottom (68) of the reservoir (34). An upper plunger (122) can be slid -
able relative to the lower plunger (126). A lower biasing member (134, 230) can be positioned substantially between a base (68) of
the reservoir (34) and the upper plunger (122), and the upper biasing member (130, 226) can be positioned between the upper plun -
ger (122) and an interference member (118). The upper biasing member (130, 226) can have a predetermined stitfhess relative to the
lower biasing member (134, 230) such that upon movement of the lower plunger (126), the upper plunger (122) can move at a pre -
determined fraction of the amount of movement of the lower plunger (126), where the predetermined fraction can be determined at
least in part by the predetermined stiffness of the upper biasing member (130, 226) relative to the lower biasing member (134, 230).



WO 2013/052579 PCT/US2012/058614

RATIOMETRIC PLUNGER ASSEMBLY FOR
VOLUME SENSING APPLICATIONS

FIELD

Lh

The present disclosure relates generally to a ratiometric phlunger assembly for
volume sensing applications including, but not limited to, velume sensing in an

implantable infusion device.

BACKGROUND
10 This section provides background information related to the present disclosure
that 1s not necessarily prior art.

Medical devices, such as medical pumps, can be used to treat a varicty of
physiological, psychological, and emotional conditions. For some roedical conditions,
medical pumps can assist an individual in overcoming such conditions. For example,

15 raedical puraps may be used tor chronic delivery of therapeutic agents, such as drugs.
As one specific example, a medical pump may be used to deliver insulin to a diabetic
patient. Other cxamples include delivery of paimn relief medication, e.g, to the
intrathecal or epidural space of a patient, to alleviate chronic pain.

Some medical pumps are wholly imaplantable. Implantable medical puraps may

20 be umplanted at a location in the body of a patient and deliver a fluid medication
through a catheter to a sclected delivery site within the body of the patient. Typically,
the catheter connects to an outlet of the medical pump and delivers a therapeutic agent
at a programmed infusion rate to a predetermined location to treat a medical condition.
An implantable medical purap is implanted by a clinician info a paticot at a location

25 that interferes as little as practicable with patient activity. For example, implantable
medical pumps are often mplanted subcutancously in the lower abdomen of a patient,
Implantable medical pumps may include self-sealing fluid reservoirs accessible through

ports to facilitate in-service refilling by percutancous injection.

30 SUMMARY
This section provides a general suromary of the disclosure, and is not a

comprehensive disclosure of its full scope or all of its features.
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In one form, a volume sensing system for use in determining a volume of a
variable volurme reservorr is provided in accordance with various aspects of the present
teachings. The system can include a plunger assemibly having lower and upper
plungers and lower and upper basing members. The lower plunger can have a first end
and an opposite second end, where the first end can be adapted to move with a bottom
of the reservoir. The upper plunger can have a first end and an opposite second end,
where the upper plunger can be shidable relative to the lower phunger. The lower
biasing member can be positioned substantially between g base of the reservoir and the
upper planger, and the upper biasing member can be adapted to be positioned between
the upper plunger and an interfercnce momber. The upper biasing member can be
configured to have a predeterrained stiffness velative to the lower biasing member such
that upon movement of the lower phlunger in a first direction, the upper plunger can be
configured to move in the first direction at a predetermmined fraction of the amount of
movement of the lower plunger. The predetermined fraction of the amount of
raovernent can be determined at least in part by the predeterrained stiffness of the upper
biasing member relative to the lower biasing member, wherein a position of the upper
plunger can be adapted to be corrclated to a corresponding volume of the reservoir,

In another form, a volume sensing system for use in determining a vohume of a
vartable volurae reservorr is provided in accordance with various aspects of the present
teachings. The system can include a housing and a volume sensor assembly. The
housing can maintain the variable volume reservoir and can include a bulkhead. The
bulkhead can define in part a top of the variable volume reservoir and an interoal
prassage open to the reservoir. The variable volume reservoir can include a base wall
that 1s movable relative fo the bulkhead, wherein a volume of an interoal region of the
reservoir can be a function of a distance between the base wall and the bulkhead. The
volume sensor asserobly can generate inforroation mdicative of g current volume of the
internal region and can include a plunger assembly, a ferromagnetic target and
circuitry. The plunger assembly can include lower and upper plungers and lower and
upper biasing members. The lower plunger can have a first end and an opposite second
end, where the first end can be coupled to the base wall, The upper plunger can have a
first end and an opposite seccond end facing the base wall, where the upper plunger can
bie slidably coupled to the lower plunger. The lower biasing member can be positioned

substantially between the base wall and the upper plunger, and the upper biasing

-0
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member can be positioned substantially between the upper plunger and a closed end of
the juternal passage. The upper biasing member can be counfigured to have a
predetermined stiffness relative to the lower biasing member such that upon movement
of the lower plunger in a first divection, the upper plunger is configured to move in the
first direction at a predetermined fraction of the amount of movement of the lower
plunger. The ferromagnetic target can be coupled to the upper plunger and moveable
therewith relative to the internal passage. The circuitry can be associated with the
internal passage and can be configured to detect a longitudinal position of the target
relative to the internal passage. The longitudinal position of the target relative to the
internal passage can be  representative of a volume of the internal region of the
FESETVOIT.

In yet another form, a method for use in determining a volume of a variable
volume reservoir is provided in accordance with various aspects of the present
teachings. The method can include generating position information of a target coupled
to an upper plunger through operation of a volurne sensor asserubly. The upper plunger
can be coupled to a lower plunger and positioned between an upper biasing member
and 4 lower biasing member. The lower plunger can be coupled to a base of the
reservotr and can be configured for movement therewith. A posttion of the base
relative to a housing associated with the variable volume reservoir can be representative
of a volume of an internal region of the reservoir. First and second sealing members
associated with the respective lower and upper plungers can be moved into scaling
positions to seal off fluid communication between a fill port defined by the bousing
when the reservoir 18 in a full condition. The fill port can be in selective fluid
commuunication with the internal region of the reservoir.

Farther arcas of applicability will become apparent from the description
provided herein. The description and specific exaraples in this summary are mntended
for purposes of illustration only and are not intended to limit the scope of the present

disclosure.

DRAWINGS
The present teachings will become more fully understood from the detailed

description, the appended claims and the following drawings. The drawings are for
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ithustrative purposes only of selected embodiments and not all possible imitations, and
are not intended to himit the scope of the present disclosure.

Figure 1 s a diagram illustrating an exemplary fluid delivery system, which
includes an implantable wfusion device 1n accordance with the teachings of the present
disclosure along with a delivery catheter;

Figure 2 is a diagram of the implantable infusion device and delivery catheter of
Figure 1 configured to deliver a therapeutic agent or substance to a patient;

Figure 3 15 a simplificd functional block diagrarn of the implantable infusion
device in accordance with the teachings of the present disclosure;

Figure 4 1s cross-sectional view taken along line 4-4 of the nroplantable infusion
device of Figure 2 illustrating a voluroe sensing assembly and a reservour wm an
exemplary partially full condition in accordance with the teachings of the present
disclosure;

Figure 4A is an enlarged view of a portion of the implantable infusion device of
Figure 4 in accordance with the teachings of the present disclosure;

Figure 5 is a similar cross-sectional view of the implantable infusion device of
Figure 4 illustrating the volurne sensing asserably and the reservoir i an exemplary full
condition in accordance with the teachings of the present disclosure;

Figure 5A is an enlarged view of a portion of the implantable infusion device of
Figure 5 in accordance with the teachings of the present disclosure;

Figure 5B is an enlarged view of a portion of the implantable infusion device of
Figure S illustrating an exemplary alternative volume sensing assembly in accordance
with the teachings of the present disclosure;

Figure 6 is a similar cross-sectional view of the implantable infusion device of
Figure 4 illustrating the volume sensing assembly and the reservoir in an exemplary
empty condition 1n accordance with the teachings of the present disclosure; and

Figures 7-9 are diagrammatic views of exemplary operational characteristics of
primary and sccondary coils of the volume sensing assembly in accordance with the

teachings of the present disclosure.

DETAILED DESCRIPTION
The following description is merely exemplary in nature and is not intended to

funit the present disclosure, its application, or uses. It should be undersiood that

4.
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throughout the drawings, corresponding reference numerals indicate like or
cotresponding parts and features with the various clements in each view being drawn to
scale. Although the following description is related generally to a volume sensing
assembly for implantable mfusion devices, such as implantable roedical or drug puraps
for use in delivering a therapeutic substance or agent to a patient, it should be
appreciated that the volume scnsing asserably and associated telescoping plunger
assembly discussed herein can be applicable to other medical devices including, but not
iirotted to, non-implantabic medical pumps or other medical devices configured to
contain a fluid therein.

Exemplary ernbodirents are provided so that this disclosure will be thorough,
and will fully convey the scope to those who are skilled in the art. Numerous specific
details are sct forth such as examples of specific components, devices, systems and/or
methods, to provide a thorough understanding of exewmplary embodiments of the
present disclosure. It will be apparent to those skilled in the art that specific details
need not be cmployed, that cxemplary cmbodiments may be embodied in rany
different forms and that neither should be construed to limit the scope of the disclosure.
In some cxemplary embodiments, well-known processes, well-known device structures,
and well-known technologies are not described n detail.

Turning now to Figures 1-2, an overview of an exemplary iraplantable infusion
device 10 is shown operatively associated with an intrathecal delivery catheter 14, In
general terms, the implantable infusion device 10, also known as an implantable drug
pump, medical purap or therapeutic substance delivery device, can assurne a variety of
forms, and can be provided as part of an intrathecal infusion system that further
includes an external programmer (not shown), for example as provided with a
SynchroMed® EL Infusion System available from Medtronic, Inc., of Minneapolis,
Minnesota. Regardless, the implantable infusion device 10 can operate to infuse a
therapewutic thiid or substance 18 {drawn generally in Figure 1) into a patient 22 via the
delivery catheter 14, The therapeutic substance 18 can be any infusion agent, product,
or fluid substance intended to have a therapeutic effect, such as pharmaceutical
composiiions, genetic materials, biologics, and others {c.g., insulin, saline solution,
fluoroscopy agents, etc.).

With additional reference to Figure 3, the implantable infusion device 10 can

include a housing 26 and a volume sensor assembly 30, The housing 26 can define 1n
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part, a reservoir 34 for containing the therapeutic substance 18 and can define a
variable volume, as discussed below. In some embodiments, a propellant chamber 38
can be provided, formed against the reservoir 34, and serving to place a constant
positive pressure on to the reservoir 34, The therapeutic substance 18 can be filled into
the reservoir 34 via an inlet 42 {e.g., a fill/refill port 46 including a septum), and can
release the therapeutic substance 18 via an outlet 30, In this regard, the implantable
infusion device 10 can include a pump mechanism and/or metering device 54 in some
embodiments that dictates the armount or volume of the therapeutic substance 18 to be
drawn from the reservoir 34. To this end, the pump mechanism 54 can assume a wide
varicty of forms as 18 known in the art. Regardless, the outlet 50 can be fluidly
connected to the delivery catheter 14 for subsequent delivery of a destred amount of the
therapeutic substance 1§ from the outlet 50 to the patient 22, As will be discussed in
greater detail below, the volume seusor asserobly 30 can be maintained by housing 26
and configured to sense information indicative of a volume of the reservoir 34, and thus
mdicative of a volume of the therapeutic substance 18 countained within the
reservoir 34, As will also be discussed below, the volume sensor assembly 30 can
include an upper member that can telescopically travel at a predetermined fraction of an
amount of travel of an associated lower member thereby providing for a lower profile
or more compact implantable infusion device 10, The volume sensor assembly 30 can
also cooperate with housing 26 and fill port 46 to limit an amount of therapeutic
substance 18 that can be supplied to reservoir 34 to prevent overfilling of reservoir 34.
The implantable mfusion device 10 can incorporate a number of features not
otherwise described or illustrated in the figures. For example, a power source (not
shown} can be provided as part of the pomp mechanism 54 along with an electrounics
module or controlier, such as with a positive or peristaltic configuration. Alternatively,
the implantable infusion device 10 can assume a passive infusion configuration
whereby the propellant chamber 38 serves as a pump drive, with flow from the
reservoir outlet SO being passively controlied, in some embodiments, through capillary
tubing (not shown) or similar structure(s) {akin, for example, to the lsoMed
Implantable Constant-Flow Infusion Pump available fromm Medtronic, Inc., of
Mioneapolis, Minnesota.). Further, other progravamable module(s) (not shown) can be
included. Thus, the implantable infusion device 10 is not limited to the configuration

represented i figures.
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With additional reference to Figures 4-9, and in particular Figure 44, the
volurne sensor assembly 30 and exemplary assoctated portions of the implastable
infusion device 10 will now be discussed in greater detail. The housing 26 can inclade
a stationary wall 60 with which the volume seusor assembly 30 can be associated. Asa
point of reference, the housing 26 can include a number of other walls; however, the
stationary wall 60 with which the volume sensor assembly 30 18 associated with can
provide a consistent reference point relative to the reservoir 34, In some embodiments,
the stationary wall 60 can form a part of the reservowr 34 {(c.g., the stationary wall 60
can be a bulkhead 64 of the reservoir 34); in other embodiments the stationary wall 60
can be provided apart from the rescrvoir 34, Regardless, the reservoir 34 can be
defined 1 part by a bottom or base wall 68 aud can be fluidly coupled to the refill
port 46 and outlet 50 (Figure 3), as well as an internal region 72 within which the
therapeutic substance 18 can be contained. v some embodiments, the base wall 68 can
be formed as part of a bellows assembly 76 that otherwise translates a positive pressure
onto the contained therapeutic substance 18, Alternatively, the reservoir 34 can be
defined in a variety of other forms. However, the base wall 6 is movable relative to
the bulkhead 64 such that the internal region 72 is variable.  In other words, the
reservotr 34 can have a variable volume dictated by a position of the base wall 68
relative to the bullkhead 64,

in some embodiments, the base wall 68 can be connected to the bulkhead 64 via
the bellows assembly 76 such that the internal region 72 can increase in volume as the
base wall 68 moves away from the bulkhead 64, such as during filling of reservoir 34
{and can decrease in volume as the base wall 68 moves towards the bulkhead 64). For
example, 1 one embodiment, the propellant {(not shown) within the propellant
chamber 38 (Figure 3) can assert a continuous, positive pressure onto the base wall 68,
and thus onto the reservoir 34, Alternatively, and as previously described, the
implantable infusion device 10 can be configured such that a powered mechanism is
coupled to the base wall 68 {or a corresponding component) that otherwise dictates a
position of the base wall 68 relative to the bulkhead 64.

Regardless of an exact configuration of the implantable infusion device 10, one
exemplary embodiment of the volume sensor asserably 30 1s shown 1o greater detail in
Figures 4-6 and can include a cap member 84, a plunger assembly 88, a target or

core 92, and volume detection circuitry 96 (referenced generally). In general terms, the

-7 -
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plunger assembly 88 and target 92 can be configured to move longitudinally relative to
the cap maember 84 and circuitry 96 based on a chavge n volume of the nternal
region 72 of reservoir 34. The circuitry 96 can generate information indicative of a
sensed longitudinal position of the target 92 and thereby a volume of reservoir 34, as
will be discussed in greater detail below.

In one embodiment, the cap member 84 mchudes a tubular member 102 and a
flange 106. The tubular member 102 can form a passage 110 extending from a first,
open end 114 to a second, closed end 118, Further, the tubular member 102 can define
an exterior surface 120 approximating a length of the passage 110, The flange 106 can
be configured for scaled mounting to the bulkhead 64, extending in a generally radial
fashion from the tubular member 102 at the open cud 114, In oue embodiment, the cap
member 84 can be formed of a hardened, generally non-foerromagnetic material, for
example titanium, capable of achieving a hermetic seal upon assembly to the
bulkhead 64. In this regard, the cap member 84 can be mounted to the bulkhead 64 n a
wide variety of fashions. For exaraple, in onc ersbodiment, the anmular flange 106 can
be welded to the bulkhead 64. In other embodiments, the flange 106 can be supported
in part by an additional structural meraber, such as washer 64A. Regardicss, upon final
assembly, the cap member 84 can be assembled to the bulkhead 64 such that the
passage 110, and in particular the open end 114, can be fluidly open to and in
communtcation with the internal region 72 of reservoir 34, Thus, with the exemplary
embodiment shown in Figures 4-6 in which the bulkhead 64 can form a portion of the
reservotr 34, the passage 110 1s fhudly open to and in communication with the internal
region 72.

Io one exeroplary embodiment, the plunger assembly K& can mclude a first or
upper member 122 and a second or lower member 126 along with a first or upper
biasing member 130 and a sccond or lower biasing member 134, In the excemplary
embodiment thustrated in Figures 4-6, the upper member 122 can be in the form of 2
generally tubular mernber 138 having an inner surface 142 and an outer surface 146,
The tubular member 138 can define an internal wall 150 positioned between a lower
end 154 and an opposite upper end 158 of tubular member 138, In one excmplary
embodiment, the wternal annolar wall 150 can define an aperture 162 configured io
stidably receive a portion of the lower member 126 therethrough, as will be discussed

in greater detail below. An annular flange 166 can extend radically outward from the

-8R
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outer surface 146 and can include a width or diameter complimentary to a
corresponding width or diarocter of cap merober passage 110 such that lower
member 126 can be slidably received in and moveable relative to passage 110, The
outer surface 146 can carry a first sealing member 170 proximate annular flange 166.
i the exemplary embodiment ilustrated in Figures 4-6, outer surface 146 can define an
annular groove 174 adjacent flange 166 and configured to receive a portion of first
sealing member 170 therein such that the first sealing member 170 can be in
engagerncnt with annular groove 174 and flange 166.

The outer surface 146 of upper member 122 can carry the target 92, In one
excmplary embodiment, the target 92 can be formed of a ferromagnetic material
appropriate for magnetically wnducing or varying a curtent into citcuiiry 96, as will be
discussed in greater detail below. The target 92 can assume a variety of sizes and
shapes, but generally can bave an annular form so as fo encircle the tubular
member 138, In the exemplary embodiment tllustrated in Figures 4-6, target 92 can
have an outer diameter equal to or substantially equal to the outer diamcter of anmular
flange 166, In this regard, target 92 can extend longitudinally from annular flange 166
toward upper end 158 of tubular member 138, In one exeraplary erbodiment, target 92
can extend to the upper end 158,

In the exemplary cmbodiment illustrated, lower member 126 of plunger
assembly 88 can be provided in the form of a shaft 182 having body 186 defining a first
or lower end 190 and an opposite second or upper end 194, The body 186 can be
formed of a hardened and generally non-ferromagnetic matenal, such as titaniom or a
polymeric material, that is otherwise compatible with the therapeutic substance 1§
contained within internal region 72. The lower end 190 can be fixed to the base
wall 6K, such as by laser welding, and the body 186 can extend through aperture 162
such that the upper end 194 is positioned on an opposite side of internal wall 150 as the
lower end 190.

In onc exemplary embodiment, the body 186 of lower member 126 can include
an increased thickness portion 19X at the upper end 194 configured to support one side
of a second sealing roember 202, as will be discussed in greater detail below. In this
regard, body 186 can also define an annular groove 206 proximate the increased
thickness portion 198 configured to receive a portion of second sealing member 202

therein.  In one exemplary ernbodivoent, the increased thickness portion 202 caun

-9
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cooperate with annular groove 206 to form a shoulder for supporting scaling
roember 202, The increased thickuess portion 198 can ioclude a longitadinal
projection 210 extending longitudinally therefrom and configured to aid in locating
and/or guiding the lower member 126 relative to the secound closed end 11X of cap
member 84, In this regard, in one exemplary embodiment, the second end 11X can
mclude a corresponding locating feature 214 projecting frorn second end 118 and
defining an internal recess 218 configured to nestingly receive projection 210 when
rescrvolr 34 18 in an empty or substantially cmpty or depleted state, as will also be
discussed in greater detail below.

In one exemplary crabodiracnt, the upper blasing member 130 can be an upper
spring 226 having a first predetermined spring rate or stiffness and the lower biasing
member 134 can be a lower spring 230 having a sccond predetermined spring rate or
stiffness.  The upper spring 226 can include a first end 234 positioned into upper
member 122 via upper end 158 and a second end 238 in engapgement with second
cud 118 of cap member 84, In the cxemplary embodiment tllustrated 1o Figures 4-6,
the first end 234 can engage an upper side 242 of intersal wall 150 of tubular
mernber 138, and the second end 238 can engage and be retained by the locating
feature 214 extending from the second end 118 of cap member 84, [t is appreciated
that second ond 238 can be retained by other means than optional locating feature 214,

in a similar manner, the lower spring 230 can include a first end 248 in
engagement with the lower end 190 of lower member 126 and/or base wall 6%, and a
second opposite end 252 1 engagement with a second opposite side 256 of internal
wall 150 and can be positioned around the lower member 126, In onc exemplary
embodiment, the lower spring 230 can have a larger juner diameter or width such that
the lower member 126 can move relative to the lower spring 230, In the exemplary
embodiment tlustrated, the upper and lower springs 226, 230 can cxtend along the
same longitudinal axis 260, as shown for example in Figure 5A. In one exemplary
cmbodiment, the upper and lower mersbers 122, 126 and the upper and lower
springs 226, 230 can be concentric about longitudinal axis 260, In this regard, the
upper member 122 of plunger assembly 88 can be suspended at a center of the stacked
upper and lower springs 226, 230, as shown for example in Figure 5A.

This configuration of plunger assembly 88 can facilitate the lower member 126

telescopically moving relative to the upper roember 122 i a predictable manner as the

10 -
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base wall 68 moves with a change in the volume of the internal region 72 of
reservoir 34, as will be discussed in greater detail below. Briefly, however, the dual
plunger configuration {¢.g., upper or cuter and lower or inner telescoping members 122,
126) in conjunction with the associated upper and lower springs 226, 230 can provide
for reducing the overall travel range of the plunger assembly 8& and thereby facilitate
using a more compact or thinner iraplantable mtusion device 10, In other words, for
example, a thickness of housing 26 can be reduced to provide for a lower profile
implantable infusion device 10, In this regard, the upper member 122 can be
configured to move at a predetermined fraction of the travel of lower member 126
based on the sclected spring rate of the upper spring 226 relative to the lower
spring 230, as will also be discussed below 1o greater detail.

With continuing reference to Figures 4-6 and additional reference to
Figures 7-9, the target 92 and circuitry 96 will now be discussed in greater detail. As
discussed above, target 92 can be indirectly coupled to the base wall 68 via plunger
asscmbly 88, and thus can move with movement of the base wall 68. Conversely, the
cap member 84 can be mounted to the bulkhead 64, and thus can remain stationary with
movement of the base wall 68 and/or plunger assembly 88, Thus, a known relationship
can be established between a longitudinal position of the target 92 relative to the
passage 110 and a position of bulkhead 64 relative to the base wall 68. Because a

1

volure {or "current volume™) of the reservoir 34 can be defined as a function of a
distance between the base wall 68 and the bulkhead 64, then, the longitudinal position
of target 92 velative to passage 110 can be a function of, or can be wndicative of, the
current volume of the reserveir 34, With this in mind, the circuitry 96 can be
configured to sense and/or provide information indicative of the position of the
target 92 relative to the passage 110 and thus the current volume of reservoir 34.

In one embodiment, the circutiry 96 can mclude first and sccond sccondary wire
cotls 262, 266, and a primary wire coil 270, each of which are schematically illustrated
in Figures 4-6. The first and sccond sceondary cotls 262, 266 can be wound about the
puter or extertor surface 120 of cap member 84. Relative to the orientation shown in
Figures 4-6, the first sccondary wire coil 262 constitutes a lower secondary coil,
whercas the second secondary wire col 266 constitutes an upper secondary coil.
Regardless, cach of the secondary coils 262, 266 can be formed of a material

characterized as self-inducting in the presence of a magnetic body, for example the
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ferromagnetic target or core 92, Further, ecach of the secondary cotls 262, 266 can have
a length Leon {e.g., longitudinal distance between opposing, leading and trailing
sides 266A, 2668 identified for the upper sccondary coil 266 in Figure 5A) that is
directly related to a length of travel Lixaver associated with the base wall 68 of
reservoir 34 relative to bulkhead 64, and 1n turn relative to a length Lranger of the
target 92, as discussed in greater detail below,

in one embodiment, however, lower and upper secondary coils 262, 266 can be
partially overlapped or co-sxially wound relative to the lengths Leon, thercof, The
overlapped region is indicated at 268 in Figure 5A, and has a length Ly, For reasons
made clear below, in one embodiment, a direction of winding of the lower secondary
cotl 262 can be opposite that of the upper secondary coil 266, Io other embodiments,
the secondary coils 262, 266 can be wound in the same direction. Regardless, cach of
the secondary coils 262, 266 can be elecirically connected to a sensing circuit or
module (not shown, but can be provided as part of a controller or other circuitry
othcrwise conventionally provided with an implantable infusion device and/or external
programmer} for measuring an output of the individual secondary coils 262, 266.

The primary wire coil 270 can be wound about an exterior of the secondary
cotls 262, 266, as shown for example in Figure SA. In one embodiment, the primary
wire coil 270 can extend a full length of the combined sccondary cotls 262, 266; in
other embodiments, the primary wire coil 270 can have a reduced length, for example
sufficient to cncompass only the overlapped region 268, ctc.  In the exemplary
embodiment illustrated, the primary wire cotl 270 can be wrapped about the length
Leon of cach of the sccondary coils 262, 266, With this arrangement, a mmtual
inductance relationship can be created between the privoary coil 270 and cach of the
secondary cotls 262, 266 such that an electrical signal (or input signal} 274 placed
across the primary coil 270 can be coupled into cach of the sccondary coils 262, 266.
The amount of energy from the primary coil 270 actually inducted s enhanced by the
presence of the ferromagnetic target 92 Thus, where the mput signal 274 1s an
alternating current defined by a sine wave, the resultant sine wave induced in the
seccondary coils 262, 266, and in particular the amplitude thereof, s increased via
inductance caused by the ferromagnetic target 92.

In light of the above, the circuitry 96 can be configured to effectively measure a

iongitudinal position of the target 92 relative to the passage 110 based upon a
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comparison of the output signals from the secondary coils 262, 266. For example, the
two output signals from the secondary cotls 262, 266 can be added to one another and
processed to produce a resultant combined output signal 264 being indicative of a
longitudmal position of the target 92, In the position of Figures 5-5A, where the
reservotr 34 is shown in the full condition, the target 92 can be entirely within the lower
secondary cotl 262, As a result, the lower sccondary cotl 262 output signal can be a
large, in-phase sine wave. Conversely, the target 92 is fully displaced from the upper
secondary coil 266, resulting in a low output signal from the upper sceondary coil 266.

Appropriate comparison of the output signal can be performed in a variety of
rnanners. For example, in one crabodiment in which the lower sceondary coil 262 1s
wound in the same divection as the primary coil 278 and the upper secondary coil 266
is wound in the opposite direction, the output signal from the upper secondary coil 266
can be 180 degrees out of phase from that of the lower secondary coil 262, Thus, the
secondary coil 262, 266 outputs 264 can be directly added to one another
Alternatively, where the secondary coils 262, 266 are wound in the same direction, the
putput signal from the upper secondary coil 266 can be inverted prior to comparison
with the lower sccondary coil 262 output {or vice versa).  Regardless, in the
configuration of Figure 5A, a comparison of the lower and upper secondary
cotl 262, 266 outputs 264 results in a large, m-phase signal that is otherwise indicative
of the target 92 being at the lower-most posttion, as also shown schematically in
Figure 8. This, in turn, is indicative of the basc wall 68 being spaced a maximum
distance from the bulkhead 64, and thus of the reservoir 34 having a current volume
approximating a maximum fill amount (or 100% full}. In a similar manner, when the
reservoir 34 1S 10 an empty configuration and the target 92 is adjacent the upper
secondary coil 266 as shown in Figure 6, the resultant output signal 264 can be an out
of phasc signal, as shown schematically in Figure 9. Further, with the inverted or
counter wound secondary cotls 202, 260, the resultant output signal 264 from
secondary coils 262, 266 will be flat when the reservotr 34 15 1n the half-full condition
of Figures 4-44A, as schematically shown in Figure 7. In other words, the signals from
the combined cotls cancel out.

In particular, as the therapeutic substance 18 is dispensed from reservoir 34, the
base wall 68 can move relative to the bulkhecad 64 (for example due to the positive

pressure exerted thercon via the propellant chamber 38).  As a resolt, the current
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volume of the reservoir 34 can be reduced. Once again, the target 92 can move relative
to the passage 110 via indivect connection to base wall 68. For example, as target 92
moves from the full reservoir 34 condition shown in Figures 5-5A toward the empty
condition shown in Figure 6, a greater length of the target 92 can be within the lower
secondary coil 262 as compared to the upper secoundary coil 266. Thus, the output
stgnal {from the lower secondary cotl 262 has an increased amphitade as compared to the
putput signal from the upper secondary coil 266, When the output signals are
compared or combined, the combined signal 264 15 an out-of-phase sinc wave with a
decreased amplitude (as compared to that associated with the combined secondary
cotl 262, 266 outputs when the target 92 is in the lower-most position of Figures 5-3A).

Thus, as the target 92 travels from the lower-most position to a mid-pownt of
travel, the combined output signal 264 can be an in-phase sine wave of decreasing
amplitude. At the mid-point of travel shown in Figures 4-4A, then, the lower and upper
secondary cotl 262, 266 outputs can effectively cancel out, as shown in Figure 7. With
further upward travel of the target 92 toward the empty condition of Figure 6, the
output signal amplitude of the upper secondary coil 266 can increase while that of the
lower secondary coil 262 can decrease. The combined output signal 264 can thus be a
180 degree out-of-phase sine wave (Figure 9), the amplitude of which increases as the
target 92 travels from the mid-point to the top-maost position shown n Figare 6. A
further discussion of the operation of circuitry 96 is included in commonly owned U.S.
Pub. No. 2007/0255259 assigned to Medtronic, Inc., the disclosure of which is hereby
incorporated by reference heretn. It 1s also appreciated that the telescoping plunger
assembly 88 can be associated with alternative sensing means in licu of the target 92
and circuitry 96 such as, for exaraple, optical sensing meaus.

The circuitry 96 output can be processed, manipulated and/or provided to a
climician in a wide varicty of manners. For example, the combined output signal can
stimply be presented to and reviewed by the clinician, and a manual evaluation
performed thereof to estimate a current volume of the reservotr 34 and thus the current
volume of the contained therapeutic substance 18, Alternatively, the circuitry 96 (or in
other cmbodiments, circuitry associated with an external programumner) can be
configured to correlate and/or compare the combined ouiput signal with a base line
signal to estimate or indicate a fill percentage of the reservoir 34, For example, the

combined output signal can be corapared with the combined output signal generated
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when the target 92 is in the lower-most {(and/or upper-most} position that is otherwise
representative of the reservoir 34 being completely filled (or completely empty). Based
upon this comparison, an estimate can be made as to the current percent fill volume. In
other embodiments, the combined output signal can be corapared with predetermined
data points {e.g., a look-up table) that otherwise correlates signal information with
volumetric valucs.  For example, the amplitude and in-phase and out-of-phase
components of the combined output signal can be compared with a table establishing a
known relationship between the phase/armaplitude values and corresponding volumes; or
the reference table can equate fill percentage with combined output signal parameters.
it 15 also appreciated that the circuitry 96 discussed herein 15 but one example of a
circnitry means for use with the planger assembly 88 in accordance with principles of
the present disclosure.

With continuing refercnce to Figures 4-6, operation of the volume sensor
assembly 30 and, in particular, the plunger assembly 88, will now be discussed in
greater detail. As bricfly discussed above, the plunger asserably 88 can use the upper
and lower telescoping members 122, 126 in conjunction with the upper and lower
springs 226, 230 to ratio down the amount of overall travel of upper and lower
members 122, 126 as compared to the amount of travel Lyraver of base wall 68 when
the volume of reservoir 34 decreases from the full condition to the erapty condition.

In particular, in the exemplary embodiment illustrated, the upper and lower
springs 226, 230 can have an equal unloaded length and can cooperate with the internal
wall 150 of upper member 122 to operatively suspend upper merober 122 between the
closed end 118 of cap member 84 and the base wall 68 of reservoir 34, as generally
shown i Figures 4-SA.  In this regard, 1o one exewmplary erobodiment, the internal
wall 150 can be positioned relative to a longitudinal length of upper member 122 such
that the springs 226, 230 can position the target 92 (that is carried by upper
member 1223 in alignment or substantial alignment with lower secondary coil 262
when the reservoir 34 is 1 a full condition (Figures 5-5A) and in alignroent or
substantial alignment with the upper secondary coil 266 when the reserveoir 34 is in an
ety condition (Figure 6).  In this exemplary cmabodiment, the target 92 length
Lrargrr can be equal or substantially equal to a nov-overlapping portion of the length
Leon, of secondary cotls 262, 266,  Further, a longitudinal length 280 of lower

roember 126 can be sized such that the longitudinal projection 210 can be received
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the internal recess 218 when the reservoir 34 is in the empty condition shown in
Figure 6. In this regard, in one exeroplary embodiment, the lower member 126 can be
configured with longitudinal length 280 so as to limit the travel of the base wall 68
toward bulkhead 64 when the reservoir 34 is erapty or substantially erapty.

Sumifarly, a sub-length 284 (Figure 5A) of the lower member 126 from the
lower end 190 to the annular groove 206 can be sized to cooperate with the location of
the internal wall 150 relative to the annular flange 166 of upper member 122 so as to
position the first scaling member 170 in engagement with the internal wall 150 and the
second sealing member 202 in engagement with the bulkhead 64 when the reservoir 34
18 in the full condition. In this regard, in one exemplary embodiment, the upper and
iower mernbers 122, 126 of plunger asserobly 88 can thus be configured to hmit the
travel of base wall 68 in a direction away from bulkhead 64 and thereby define a
maximourn travel length of base wall 68 corresponding to the full coundition of
reserveir 34,

In an exemplary embodiment where the upper and lower springs 226, 230 have
the same spring rate or stiffness, the upper member 122 can be configured to move at
one-half the travel of the lower mmember 126, Thus, as the therapeutic substance 18 18
delivered from reservoir 34 and the base wall 68 moves from the full condition shown
in Figure 5 toward the cmpty condition shown i Figure 6, both the upper and lower
members 122, 126 can move in the same direction toward the closed end 118 of cap
member 84, However, for a given distance of travel Lpaver of the base wall 68, the
lower member 126 can travel the same given distance Lopavpn while the upper
member 122 can travel only onc-half of that distance. As a result, the lower
roember 126 can telescopically move relative to both the upper mewber 122 and the
cap member 84 during movement of the base wall 68, In the exerplary embodiment
illustrated m Figures 4-6, the lower member 126 can be configured to telescopically
move relative to and within the upper member 122, as shown for example in
Figures 4-6.

This dual member telescoping plunger configuration can facilitate, among other
things, an ability to utilize 8 more corapact implantable mmfusion device 10, In this
regard, for exarnple, by reducing the travel of the upper member 122 to a predetermined
fraction of the lower member 126, the length of travel of the upper member 122 can be

reduced.  This reduction in travel can provide for utiizing a shorter length for the
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primary cotl 270 as well as a shorter Legy, for both secondary coils 262, 266 and can
thus provide for using a reduced thickness or lower profile housing 26, Further, the
relative movement of the lower member 126 relative to the upper member 122 can also
provide for the length of passage 110 of cap member 84 being shorter than the length of
travel Lopaver of the base wall 68 from the full condition (Figure 35} to the empty
condition (Figure 6). This can be contrasted to a single plunger mechanism that can
require the length of a member supporting the primary coil, as well as the primary cotl,
to be at least as long as the length of travel of 4 base wall 68 of an associated reservoir.

It should be appreciated that while the dual member phunger assembly 88 has
been discussed above 1n connection with two springs of the same spring stiffucss, the
plunger assembly B8R can aliernatively utilize an upper spring 226 with a different
stiffness or rate than the lower spring 230 to provide a different ratio or fraction of
travel of the upper mewber 122 velative to the lower member 126, For example, to
further reduce the travel of the upper member 122 relative to the lower member 126 for
a given travel distance Lyraver of base wall 68, the stiffness of the upper spring 226
can be increased relative to the lower spring 236, In this example, the upper spring 226
could include a stitfness of twice the stiffness of the lower spring 230, This
configuration could therefore result tn the upper member 122 traveling one-quarter of
the distance of travel of the lower meraber 126 and base wall 68, 1t is appreciated that
other spring stiffness configurations or ratios could be utilized to tatlor the rate of travel
of the upper member 122 relative to the lower member 126 to a desired ratio for a
destred apphication. It should also be appreciated that in various embodiments the
iower member 126 may not be utilized and the lower spring 230 may directly couple
the base wall 68 to the internal wall 150 of upper roember 122,

Turning now to Figure 5B, the volume sensor assembly 30 is shown with an
exemplary alternative upper member 1227, Upper member 1227 can form a hermetic
enclosure or encapsulation around target 92 so as to scal off target 92 from the
therapeutic substance 18, as will be discussed i greater detail below.  Upper
member 1227 can similarly be formed of a titanium material and can include a tubular
mernber 1387 having outer and inner anmular merabers 320, 324 spaced apart from cach
other to form a slot or channel 332 therebetween, as shown in Figure 3B, The core 92
can be positioned in slot 332 and an annular cap or top member 328 can be secured to

the outer and nner annular members 320, 324 to secal off target 92 from the therapeutic
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substance 18. In onc exemplary configuration, cap member 328 can be welded to the
outer and nner annolar members 320, 324,

It should be appreciated that other configurations of the upper member can be
used to seal off the target 92 from therapeutic substance 18. For example, the cap
member 328 and the outer annular member 320 can be an integral component
configured to be sccured, such as be welding, to the annular flange 166 (Figure 5A) and
the inner amnular member 324, Sealing oftf the target 92 from the therapeutic
substance 18 can provide for an ability to utilize varous different materials for the
target 92, including materials that may not be compatible with the therapeutic fluid 18
since target 92 would be scaled off from the fluid 18 in this cxemplary configuration.

The plunger assembly 8K caun also serve as an overfill and/or over pressure
prevention arrangement in addition to providing an ability to tailor the ratio of travel of
the upper member 122 relative to the lower roember 126, T this regard, and as briefly
discussed above, the upper and lower members 122, 126 can be sized such that the first
sealing meraber 170 engages the fnternal wall 150 relative to aperture 162, and the
second sealing mewmber 202 ecngages the bulkhead 64 relative to an opening or
aperture 290 therethrough, as shown for example in Figure 5A. This configuration can
prevent any therapeutic substance 18 from fill port 46 entering reservoir 34, as will be
discussed in greater detail below.

With initial reference to Figure 6, a flow path from fill port 46 to reservoir 34
can be defined by implantable infusion device 10, In one cxemplary embodiment, a
channel 294 can extend from port 46 to a cavity 298 that is forroed n housing 26 and
contains cap member 84 therein. As discussed above, cap member 84 can be sealingly
secured to housing 26 such that cap member 84 creates a hermetic barrier. Regardless,
the therapeutic substance 18 can flow from the fill port 46 through channel 294 and into
cavity 298 and/or the internal passage |10 defined by cap member §4. From there, the
therapeutic substance 18 can flow into reservoir 34 via two different flow paths. The
first flow path can extend from channcl 294 along a space defined between an inner
surface 302 of cap member 84 and outer surface 146 of tubular member 138 and an
outer surtace of target 92. The first flow path can then extend in an opposite direction
through tobular roember 138 and aperture 162 of internal wall 150 toward veservoir 34.
Fhuid following the first flow path can then flow through aperture 290 into reservoir 34

The second flow path can eoxtend from channel 294 through aperture 290 into
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reservoir 34, In this regard, it should be appreciated that as upper member 122 oxtends
through aperture 29¢ during filling of reservoir 34, a space or gap 306 (Figure 3A) can
be defined between outer surface 146 and aperture 290 such that fluid can flow
therethrough.  In one exemplary embodiment where aperture 290 can be utilized to
provide guiding support to tubular member 138, the aperture 290 can include
longitudinal grooves or sphines (not shown} in a sidewall thereof to mercase fld flow
in the space 306 while also providing the gniding support.

As discussed above, the upper and lower members 122, 126 of plunger
assembly 88 can be sized such that the first sealing member 170 engages the internal
wall 150 and the seccond sealing member 202 engages bulkhcad 64 proximate
aperture 290 when reservoir 34 5 m a full condifion, as shown for example in
Figures 5-5A. In particular, the sub-length 284 of lower member 126 can be sized to
bring first sealing member 170 into sealing engagement with juternal wall 130 and
thereby bring sccond sealing member 202 into sealing engagement with bulkhead 64
{and/or washcr 64A) when reservoir 34 18 in the full condition shown in Figures 5-5A.
In other words, the sub-length 284 of lower member 126 can be correlated to the
Lpaver S0 as 1o cooperate with the upper member 122 1o bring the first and sccond
sealing members 170, 202 into sealing engagement in the manner discussed above at
the maximum Lpgaver, of base wall 68 of reservoir 34,

in bringing first scaling member 170 into sealing engagement with internal
wall 150 when reservoir 34 is in the full condition, the plunger assembly 88 can scal off
the first flow path upstrearn of reservoir 34 by preventing therapeutic substaunce 1X
from flowing through aperture 162 of internal wall 150, In this regard, first scaling
roember 170 can wmchude av o-ring having a larger diareter or dimension so as to
extend around aperture 162 and provide a scaled connection between the increased
thickness portion 198 and a surface of the mternal wall 150 adjacent aperture 162, as
shown for example in Figure SA.

Simntlarly, in bringing the sccond scaling meraber 202 into sealing engagement
with bulkhead 64 when reservoir 34 is in the full condition, the phinger assembly 88
can also scal off the first flow path upstrearn of reservoir 34 by preventing the
therapeutic substance IR from flowing through aperture 290 frow channel 294, In
particular, scaling member 202 can include an o-ring and can form a sealed connection

between annular flange 166 and/or jucreased thickness portion 198 and a surface of
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bulkhead 64 (and/or washer 64A) adjacent aperture 290 so as to prevent therapeutic
substance 18 from flowing into veservoir 34 via aperture 290, as also shown for
example in Figure 5A. It is appreciated that while the implantable infusion device 10
has been discussed as having first and sccond flow paths i counection with
channel 294, implantable infusion device 10 could alternatively include only one of the
first and second flow paths along with only one of the corresponding first and sccond
sealing members 170, 202.

The plunger asserobly 88 of the present teachings can thus scrve to both
facilitate the use of a more compact implantable infusion device via the telescoping
dual member plunger arrangement discussed herein, as well as provide protection
against an overfill or over pressure condition by sealing off the flow path or paths from
the fill port to the reservoir when the reserveir is in the full condition.

While one or more specific examples have been described and illustrated, if will
be understood by those skilled in the art that various changes may be made and
equivalence may be substituted for elements thercot without departing from the scope
of the present teachings as defined in the claims. Furthermore, the mixing and
matching of features, clements and/or functions between various examples may be
expressly contemplated herein so that one skilied in the art would appreciate from the
present toachings that features, clernents and/or functions of onc cxample may be
incorporated into another example as appropriate, unless described otherwise above.
Moreover, many modifications may be made to adapt a particular situation or material

to the present teachings without departing frow the essential scope thereof.
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CLAIMS

What is claimed 1s:

i. A volume sensing system for use in determining a volume of a variable
volurne reservolr, the system comprising:
a plunger assembly, including:
a lower plunger having a first end and an opposite second end, the first
end adapted to move with a bottom of the reservoir;
an upper plunger having a first end and an opposite second end, the
upper plunger slidable relative to the lower plunger;
a lower biasing member positioned substantially between a base of the
reservolr and the upper plunger; and
an upper biasing member adapted to be positioned between the upper
plunger and an interference member;
wherein  the upper biasing member is configured to have a
predetermined stiffness relative to the lower biasing moember such that upon moveraent
of the lower phunger in a first direction, the upper phunger s configured to move iu the
first direction at a predetermined fraction of the amount of movement of the lower
plunger, and wherein a position of the upper plunger is adapted to be correlated to a

corresponding volume of the reserveir.

2. The system of claim 1, whercin movement of the lower plunger in the
first direction is configured to compress the lower biasing mewber thereby causing
movement of the upper plunger in the first direction, which compresses the upper
biasing raember between the upper plunger and the mterference member,

3. The systern of claim 1, whercin the upper plunger comprises a tubular
member, and wherein at least a portion of the lower plunger is configured to

telescopically move relative to and within the upper plunger.
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4. The systemn of claim 3, wherein the upper and lower plungers and the
upper and lower bilasing members are concentric about a longitudinal axis of the

plunger assembly.

5. The systern of claim 3, wherein at least a first portion of the lower
plunger is positioned within the lower biasing member and a first portion of the upper
plunger, and wherein at least a second portion of the lower plunger is posttioned within

a second portion of the upper plunger and the upper biasing member.

6. The systern of claim 3, wherein the upper plunger 18 configured to be
suspended between the upper biasing member and the lower biasing member.

7. The systero of claim 3, wherein the upper planger comprises an mternal
wall, the internal wall engaging the upper biasing member on an upper side thereof and

cugaging the lower biasing raember on an opposite lower side thercof.

8. The system of claim 7, wherein the internal wall defines an aperture, the
lower phlunger slidably extending through the aperture so as to be slidably coupled to

the upper plunger.

9. The system of claim 7, further comprising a first scaling member carried
by the lower plunger and a second sealing member carried by an outer surface of the
upper plunger, the first scaling member configured to engage the upper side of the
internal wall when the reservoir 1s 1o a full condition and adapted to thereby seal off a
first flow path to the reservoir, the second sealing member adapted to engage a housing
associated with the reservoir when the reservoir 15 i the full condition to scal off a

second flow path to the reservoir.

10.  The system of claim 3, wherein the upper and lower biasing members
comprisc respective upper and lower springs, the predeternuned stiffness of the upper
spring being equal to the stiffness of the lower spring such that the upper plunger

moves at onc-half the amount of movement of the lower plunger.
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1. The system of claim 3, whercin the upper and lower biasing members
comprise respective upper and lower springs, the predeterrned stiffvess of the upper
spring being twice the stiffness of the lower spring such that the upper plunger moves

at one-quarter the amount of moveraent of the lower plunger.

12, The system of claim 3, further comprising a cap defining an internal
passage extending between an open end and a closed end, the cap positioned in a
housing associated with the reservoir, the interference member comprising the closed
end of the cap, the open end of the cap receiving a portion of the plunger assembly

therein.,

13, The system of claim 12, further comprising a ferromagnetic target
coupled to the upper plunger for movement therewith, and circuitry associated with the
cap and configured to detect a longitudinal position of the target relative to the passage
and gencrate information indicative of the longitudinal position of the target relative to
a dimension of the cap, the longitudinal position of the target relative to the dimension

of the cap being representative of a volume of the reservetr.

4. A volume scusing system for use in determining 2 volume of a variable
volume reservolr, the system comprising:

a housing maintaining the variable volume reservoir and including a bulkhead
defining in part a top of the variable volume reservoir and an ionternal passage open o
the reservoir, the variable volume reservoir including a base wall that is movable
relative to the bulkhead, wherein a volume of an juternal region of the reservoir is a
function of a distance between the base wall and the bulkhead;

a volume sensor assembly for generating information indicative of a current
volume of the internal region, the volume sensor assembly inchuding:

a plunger assembly, comprising:
a lower plunger having a first end and an opposite second end,
the first end coupled to the base wall;
an upper plunger having a first end and an opposite second end

facing the base wall, the upper phunger shidably coupled to the lower plunger;
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a lower biasing member positioned substantially between the
base wall and the upper plonger; and
an upper biasing member positioned substantially between the
upper plunger and a closed end of the internal passage, the upper biasing wember
configured to have a predetermined stiffuess relative to the lower biasing member such
that upon movement of the lower plunger in a first divection, the upper plunger is
configured to move in the first direction at a predetermined fraction of the amount of
movement of the lower plunger;
a ferromagnetic target coupled to the upper phlinger and moveable
therewith relative o the internal passage; and
circutiry associated with the internal passage and configured to detect a
longitudinal position of the target relative to the internal passage, the longitudinal
position of the target relative to the internal passage being representative of a volume of

the internal region of the reservoir.

15, The system of claim 14, further comprising a cap associated with the
housing and defining the internal passage, the internal passage extending from an open
end to a closed end, the cap being mounted to the bulkhead such that the open end is
facing the movable wall of the reservetr, the upper biasing member being positioned

between the upper phunger and the closed end of the cap.

16, The system of claim 15, wherein movement of the base wall 1o a first
direction toward the bulkhead moves the lower phlunger in the first direction thercby
compressing the lower biasing mewmber, which 1o turn causes movement of the upper
plunger in the first direction thereby compressing the upper biasing member between

the upper plunger and the closed end of the cap.
17, The system of claim 15, wherein the upper plunger coraprises a tubular

member, and wherein the lower plunger is configured to telescopically move relative to

and within the upper plunger.
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18 The system of claim 15, wherein the upper and lower plungers, the
upper and lower biasing merabers and the cap are concentric about a longitudinal axis

of the plunger assembly.

19, The system of claim 14, wherein the upper plunger is configured to be

suspended between the upper biasing member and the lower biasing member,

20.  The systern of claim 14, wherein the upper and lower biasing members
comprise respective upper and lower springs, the predetermined stiffness of the upper
spring being cqual to the stiffness of the lower spring such that the upper plunger

rooves at one-half the amount of movement of the lower phunger.

21, The system of clairo 14, wherein the upper plunger comprises an
internal wall, the internal wall engaging the upper biasing member on an upper side
thercot and engaging the lower biasing member on an opposiie lower side thereof, and
wherein the internal wall comprises an aperture, the lower plunger slidably extending

through the aperture.

22, The system of claim 14, further comprising a first scaling meraber
carried by the lower plunger and a second sealing member carried by the upper phanger,
the first sealing member configured to engage the upper side of the internal wall when
the reservoir is in a full condition to thereby seal off a first flow path to the reservorr,
the second sealing member configured to engage the housing when the rescrvoir is in

the full condition to thereby seal oft a second How path to the reservoir,

23, The systern of claim 22, wherein the housing defines a channel in tlaid
communication with a fill port defined by the housing and the internal region, the
second scaling member configured to engage the housing to scal off g portion of the

flow path from the channel to the internal region.

24, The system of claim 22, wherein the second sealing member s an o-ring

carried by an outer surface of upper plunger.



Lh

10

20

WO 2013/052579 PCT/US2012/058614

25, The system of claim 15, wherein the circuitry includes a primary cotl

and first and second secondary coils cach carried by the cap.

26, The system of claim 14, further comprising a delivery catheter coupled

to an outlet of the housing that is in fluid communication with the reservoir.

27.  The system of claim 14, wherein the target is encapsulated by the upper
plunger 80 as to be hermetically sealed within the upper phunger.

28, The system of claim 27, wherein the upper plunger coraprises a tubular
member and a top member, the tubular member having an inner annular wall and an
outer annular wall spaced apart from the inner annular wall so as to define a slot
therebetween, the target being posttioned 1o the slot and the top roember being fixed to
the inner and outer anmular members to cover the slot and hermetically seal the target
within the upper plunger.

29. A mcthod for use in deternuning a volume of a vanable volume
reservetr, the method comprising:

generating position information of a target coupled to an upper plunger
through operation of a volume sensor assembly, the upper plunger being coupled 1o a
lower plunger and positioned between an upper biasing member and a lower biasing
member, the lower plunger being coupled fo a base of the reservoir and configured for
movement therewith, wherein a position of the base relative to a housing associated
with the varnable volume reservoir 1s representative of a volume of an internal region of
the reservoeir; and

moving first and second sealing members associated with the respective
lower and upper plungers into sealing positions to seal off fluid communication
between a fill port defined by the housing when the reservoir is in a full condition, the
fill port being in selective fluid communication with the internal region of the reservotr.
36,  The wethod of claim 29, wherein woving upper and lower sealing
members associated with the respective upper and lower plungers into sealing positions

includes:
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moving the first sealing member coupled to the lower plunger into
sealed engageroent with the upper plunger to seal oft a first flow path frow the fill port
through the upper plunger to the reservoir when the reservoir is in the full condition;
and

moving the second sealing member coupled to the upper plunger into
sealed engagement with the housing to scal off a sccond flow path from the fill port to

the reservoir when the reservoir is in the full condition.

31, The method of claim 29, wherein moving the first sealing member into
sealed engagement with the upper plunger causes the upper plunger to move and

position the second sealing roember into the sealed engagement with the housing.

32, The method of claim 29, further comprising moving the first and second
sealing members away from the sealing positions when the reservoir is in a condition
other than the full condition to open fluid comrounication between the fill port and the

internal region of the reservoir.

33, The method of claim 29, wherein generating position information of a
target coupled to an upper plunger through operation of a volume sensor assembly
includes moving the lower plunger with movement of the base of the reservoir, which
causes movement of the upper plunger via the first biasing member, which in turn

causes compression of the second biasing raember.

34, The method of claim 33, further comprising the upper biasing mernber
having a predetermined stiffness relative to the lower biasing member such that
movement of the lower plunger causes corresponding movement of the upper plunger

that is a predetermined fractional amount of the lower plunger.

H
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35. The method of claim 34, wherein movement of the base of the reservoir

by a first amount causes corresponding movement of the lower phunger by the first
amount, which in turn causes movement of the upper phinger by a fractional amount

equal to one-half the first arount.
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