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(57) Abstract: A medical device for implantation within a patient comprising a lead body including a conductor within the lead
body and a transducer supported by the lead body. The conductor is electrically coupled to the transducer by a conductive fluid,
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chip and/or an integrated circuit and may perform any of a variety of functions such as sensing physiological data.



=43

“aF

P

WO 2007/127622 PCT/US2007/066585

CONTACTLESS INTERCONNECT FOR TRANSDUCERS

BACKGROUND

Fplantable medical devices (IMDs) are commonly smployed i medical
therapies such as cardiac rhythm management (CRM), neurological monitoring and
therapy, and other diagnostics and monitoring. Such CRM devices may be coupled toa
surface of a patient’s beart via one or more medical electrical leads. Typically the one or
more leads include electrades for both stimulating the heart and sensing electrical activity
of the heart. In order to provide better management of cardiac conditions, cne or more
leads may also include a physiological sensor such a3 a transducer. In addition to
mtracardiac teads, transducers may also be incorporated tnto leads that are placed n the
abdomen, subcutanenusly or submuscularly 1o the thorax or tn o around the cranium o
measure specific phystologic vartables, Ty manv cases, 1t is desirable that all of the
necessary elements, including clectrodes andfor transducers, be carvied on a stogle toad
body wherein locgtions of each clement along the lead body accommeodate proper function
o meet the therapeutic objective of the systenr. Because 1t is destrable to maintain a sroall
lead diameter while including multiple lead components, 1t may be preferable that the size
of the transducer be as small as posaible.

In addition to having a small size, transducers contained within leads nust
be designed to function well in the environment i which they will be placed. For
sxampde, transducers that are exposed to 3 patient’s body are susceptilide to corrosion such
that integrated circuit chips included in the ransducers may degrade over nme. To
prevent exposure to bodily fluids, transducers may be enclosed in hermetically sealed
capsules. The transducer, inside the capsule, is electrically joined to a power source
through an elecirical feedthrough which may ngdly attach the transducer to the lead. By
isolating the transducer, this configuration decreases corrosion, allowing for teng-term
implantation. However, when the transducers are disposed 1n or near a patient’s heart,
heart contractions may cause force 10 be repeatedly apphied to the rigid connection
between the transducer and the lead, This undesirable strain may decregse the structural
wtegrity of the transducer over time. Transducers on leads that are placed suboutaneously
or intramuscudarly would also be subjected to repented strain due 0 patient movements.

o addition, encasing the transducers in hermetically sealed capsules bas the undesirable
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effect of increasing their size. Somwe transducers, such as biochemical sensors, canmot be

encased 1w hermetic capsides because they need (o wteract with the body fhads,
Agcordingly, it is desirable to have a relatively simple and tnexpensive
transducer that has a corrosion resistant configuration and is capable of being implanted
o a patient for long periads of time. In addition, 1t 15 desirable that the transducer be
small to it within the circumference of an implanted wedical device, such as an
intracardiac lead. 1o addition, it is desirable to have a transducer that is configured to be

tolerant to stradn, such as due to repetitive lead movement cagsed by cardiac activity,

SUMMARY

Embodiments of the invention include implantable medical devices
wcluding, for example, pacemakers, cardiac resynchronization devices, implantable
defibriliators sud physiologic monitors, The implantable medical devices may comprise
lead bodies including one ¢ more conductors within the leads and one or morg
transducers supported by the Tead by for detecting phystological data, The one or more
transducers are electrically conpled to the one or more conductors by a conductive fluid,
paste or gel. In some embodiments, the transducer may be media exposed. The
conductive Huid, paste, or gel that couples the transducer to the conductor may be
contained within a well in the lead body, Enbodiments of the invention include leads

such as mtracardiae leads, intravascular leads, subcutaneous leads and submuscular leads.

A variety of transducers are appropriate for embodiments of the invenlion,

In some embodiments, the transducer may be a3 MEMS chip and/or an integrated cirouit.
The transducer may perfonm a vanety of functiens. For example, the transducer may be a
SERROY ’\L‘s\.h A% 8 pf@\‘di‘{h SONROL, an di.\.@it‘lﬂﬂltihX an ﬁ(i\il‘ut F SONRGY, 8 i}{“\ SQEISOY, |/
glucose sensor, & Mochemical sensor, @ pH sensor, andfor 8 strain gaugs. The condustor

may provide power to one or wore fransducers as well as other lead body components

andfor may provide data iransmission,

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1is a side view of an exemplary lead,
FIG 2 15 a partial cross sechion of a portion of a lead according to an

enthodiment,
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FYG. 3 is 8 cross sechion of a portion of a Jead according to another
embodiment.

Fi(s 435 & portion of & lead with & section of the sheath and backbone cut
away.

FIG. 5 18 a cross seotion of & transducer and conductive body 1t a well
including a capacitor plate.

FH3. 6 1s a cross section of a pressure sensor within a lead.

FIG. 7 is a cross section of a pressure sensor within a lead according to

another embodiment.

DETAILED DESCRIPTION

Embodiments of the Invention may be wsed in implantable medical devices
having conductive bodies such as Isad bodies. An oxample of an implantable medical
device gppropriate for the inveniion i an implantable medical electrioal fead such ax an
infracardiae medical fead 100, FIG. 1 s a side view of an exemplary infracardiac medical
tead 10 counfigured to be coupled to an tmplantable medical device av other manitoring
device (not shown) and mcludes a transducer 108, Lead 100 may be any one of & number
of different types of leads, such as a pressure monitoning lead or a therapy lead. Lead 100
imcludes a connector assembly 102, a tead body 106, and a transducer wodule 107,
Connector assembly 102 is located at a proximal section 104 of lead 100 and may be
contigured o be coupled to an implantable medical device (not shown) to electrically
couple lead 102 thereto. Other sxamples of transducsers on conductive bodiss include
conductive bodies that connect an implanted medical device to transducers placed in the
abdomen or subcutaneously or submuscelarly in the thorax or EEG electrodes on or
around the cranium. Examples of appropriate unplantable medical devices for use in thus
wvention include pacemakers, defibriliators, cardiac resynchronization therapy (CRT)
systems, cardiac o pulmonary moniters, glucose and other chemical wonitors,
neurostimulators, nenrological monitors, newomuscular sensors and actustors, and drag
FRUEPS,

The transducer module 17 mav support any type of transducer 108
suitable for tncorporation within s conductive body, Por example, the transducer 108 may
he a sensing transducer, an actoating transducer, an IO only tansducer, ov a combination

-~

of a sensor and an actuator. Examples of sensing transducers molude a sensor and an
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itegrated circuit integrated on a chip {eg., & stheon subsirate or micro-alectro-mecharseal
systery (MEMS) device or nano-electro-mechanical system {(NEMS) device), a sensor
glement without an imegrated civontt buill into a substrate {e.g, glass, ceranue, silicon, or
other suitable material), and a sensor element built into a substrate with an integrated
circutt hermetically encapsulated or packaged into & substrate. Sonsors which may be
ased to detect physiologic data mclode pressure sensors, oxygen sensors, How sensors,
temperature sensory, accelerometers, accustic sensors, biochemical senscrs, optical
sensors mnd sensors which monitor more than ove physiclogieal vanable. Examples of
actuating transducers include an actuator and an integrated clroutt interated on a chip
{e.g., a sthoon substrate or MEMS device or NEMS device), an sctuator element without
an integrated circuit built into 2 substrate {e.g., glass, ceramic, sificon, or other suilable
material}, and an actuator element built into a substrate with an itegrated circuit
hermetically encapsulated or packazed wnto & substrate. Such actuating ansducers may
include 3 piezoslectric slement actuator for vibration. Examples of IC-only transducers
include an integrated cirouit on a sihicon subsivate (e g, an I0-logo multiplexer oo g lead
or a wemory chip for seusor calibration coeffictents) and an integrated cirowt hermetically
encapsulated or packaged ioto & substrate {e.g., glass, ceramue, silicon, or other suitable
matenial). Alternatively, embodiments of this invention may include components mstead
of, or in addition to, transducers 108, Examples of other components which may be used
in embodiments of this invention include transceivers, pumps, drug delivery devices,
thermovouples and other small dovices suitable for inclusion 1 a conductive body.

The transducer 108 may be located within a conductive body such as a lsad body 106 and
does not need to be encased in @ hermetically sealed capsule. Rather the transducer 108
may be surrounded by a sheath 1190, 3 capsule or other appropriate material or may be
made frony biocompatible material. In some embodiments, at least a portion of the
transducer 108 may be media exposed for interacting with the implant environment and
sensing onve or more physiological variables. Transducers that may require exposwe to the
phystologic media mclude, but are not Hnvted to, pressure sensors, How sensors, glocose
sensors, pH sensors and other chonneal sensors. (Other transducers that may not regquire
exposure 1o the physiologic media melude, but gre not Limited to, sccelerometers,
temperature sensars, and acoustic sensors. These transducers would be made smaller with

the elimination of the hermetic capsule.
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As shown m FIGSE. 2-7, the conductive body such as a lead body may
melude an outer sheath 110 and a backbone 1120 The outer sheath 110 and the backbone
112 of the conductive body may surround a portion of the transducer 108, The outer
sheath 110 and the backbone 112 may be made of a nonconductive material such as
polymer, glass, ceramic or an inorganic metad oxide. The appropriate materia for the
sheath O andfor backbone 112 way be chosen to provide the desived stiffoess or
flexibility of the conductive body.

o some embodiments, the transducer 108 is a pressure sensor 114, In such
gmbodiments, the pressure sensor 114 may be configured to sense pressurs exerted upon it
by g patient’s blood or other body Hud, The pressure sensor 114 may include a pressure
ransducer. The transducer may include 2 MEMSAC or a NEMSAC on a substrate, In
some embodiments, 8 complementary metal oxide semiconductor {CMOS) buffer
SAC or NEMSE/

amplifier may be used in place of, or in addition to, the MEN C. The
MEMSAC or NEMSAC may be configured to convert sensed pressure into represertative
stgnals. The transducer may inchude g flexible diapheago 120 that, when subjected to
fluid pressure, may oreate a capacitance with a nearby fixed plate. ln some embodinents,
the transducer may melade prezoclectiic material that oreates an electrical sigoal when
subjected o a foree due to swroundmg Hoid pressure. The pressure tansducer may alse
imciude at least one conductive pad 115, which provides an electiical connection to other
components. (ther types of transducers may also bave at feast one conductive pad 116,
The transducer 108 may be supplied with power by conductors TR that pass through the
conductive body to the transducsr 108, These conducters 118 may be surrounded by the
backbone 112 as they pass through the conductive body. In addition, the cenductors 118
may b surrounded by wsulation. These conductors 118 may be wire coils, such as single
pole cotled wirg conductors, and may be made of a suitable biocompatille material such as
MPISN. In some embodiments, such as MEMS pressure sensors, the conductors provide
low voltage power, on the order of microamperes, to the ransducers 108, The condustors
118 may also wransmuit data to a device, such as 8 monttoring device, from the sensors 108,
o some embodiments, the conductors T8 may be bi-directional and may supply power to
the transducer 108 as well as transmit datg from the transducers 108 to the wonitoring
device,

When the conductor 118 reaches the transducer 108, there s a gap ina

portion of the backbone 112 such that the backbone 112 no fonger swrrounds the conductor
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118, This gap s located along a length of conductor 118 which extends adjacentio a

conductive pad 116 of the transducer 108, The gap extends at least from the conductor

HES o the conductive pad 116, creating a well 122 which encompasses both components.

A portion or all of the conductor 118 is without tnsalation within the well 122

n some embodiments, the well 122 is completely surrounded by msulating
material, The well may extend through the backbone 112 from the conductive pad 116 o
the sheatly 110, or may only extend through a portion of the backbone 112, In some
embodiments the conductive body may have a backbone 112 but no separate sheath 110,
In such embodiments, the well 122 may not extend through to the outer circumference of
the backbone 112, but rather the backbone 112 may enclose the well 122, Alternatively,
the well 122 may extend through the backbone 112 and a nonconductive material may
cover the well 1220 In such embodiments the well 122 ix an opening within the conductive
body which contains a conductive pad 116 and a conductor 118 and which is ¢lectncally
isolated.

Instde the well 122, there ¢ 0o hard wire or other siructurad connection
between the conductor 118 and the conductive pad 116, Rather, the well contains an
electricalty conductive material which electrically connects the conductor 118 and the
conductive pad 116, For example, in one embodimant, the well 122 may be filled with an
ionic conductive Roid ov el Examples of appropriate conductive fluids or gels mclade
physiologic saline, ionic hquid, inorganic salt solution in a hydrogel, organic salt solution
s oif or hydrophilic liguid-like polymers. In another embodiment, the well 122 may be
filled with an slectrically conductive paste, polymer gel or adhesive, Examples include
pastes containing carbon-graphite or silver powder, conductive gaskets, conductive
polymers such as polypyrrole, polyacetylene and polyaniline, conductive carbon or metal
napoparticle filled ol or polymer with & glass transition temperature lower than room
temperature, and liquid metals,

Eliminating the hard conductor interconnection between the transducer and
the conductors allows the conductive pad 116 and the conductor 118 to move relative to
sach other without interfering with their clectrical conpection. Such & flexible system s
deal for an environment i which the transducer 108 will nondergo repeated stresses over a
fong pertod of time, such as a pernranent iatvacardiac lead. As a result of this improved
Rexibility, the system may bave less stress or stravn induced fatlures relative to systems

with rigid interconnections, raking the connection more reliable. At the same tme,
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chmination of the feedthrongh has the additional advantage of making the system smaller.

This allows the lead 100 or other conductive body to be small and
wsodiametnic,

The conductor 118 which supplies power {o the transducer 108 may
terminate inside the well 122, Alternatively, the conductor 118 may pass through the well
122 and reenter the backbone 112, The conductor 118 may then continue distally through
the conductive body and supply power to and/or receive data from other conductive bady
components such as ong or more addittonal transducers 108, pumps, pacing ps,
defibriliation coils, or other devicss. In this way a single conductor 118 is able to supply
power to and/or receive data from multiple transducers 108 or a combination of
COMpoents.

In some embodiments, the transducer 108 has two condoctive pads 116,
cach on the same side of the transducer as showy in FIG. 2. Half of the backbone 112 has
hesn cut away in this view 1o reveal the well 122 surrcunding the Tower condustor 118 and
conductive pad 118, The conductor 118 which is electrically connected to the upper

conductive pad 116 is not shown. The conductive pads 116 on the transducer 108 are
spaced such that the wells 122 m which they are contained are separated by the backbone
112 and the wells 122 are electncally isolated from each other. Alternatively, a different
imsulative material other than the backbone 112 could separgte and electrically 1solate the
wells 122,

In other embodiments, the transducer 108 has conductive pads 110 on
opposite sides of the transducer 108, as shown in FIGR 3 4. FIG. 3 15 a cross section of
a segment of a conductive body i which one well 122 encloses & conductor 118 and
conduciive pad 116 above the transducer 108 and anotber well 122 encloses the other
copductor 118 and other conductive pad 116 below the transducer 108, The conductors
{18 pass ti‘mmgh the wells 122 and continue through the conductive body. A seal 124,
such as an adhesive or silicone, may be provided arcund the well 122, as shown in FIG. 3.
The wells 122 are electrically solated from cach other. In FIG. 4, the portion of the
sheath 110 and backbeone 112 above the vransducer 108 are cuf away 1o show the
conductor 118 passing above the conductive pad 116,

In some embodiments, such as the one showe m FIG. §, the conductive
faid or gel s capacitively coupled to the conductive pad. In the embodiment showe in

FIG. 8, upper and lower capacitor plates 126 separated by a dielectric layer 128 form a
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capacttor. The upper capacitor plate 126 {as shown i FIG. 5) forms an ey plate while
the lower capacitos plate 126 15 posttioned within the well 122 and acts as the conductive
pad 116, Capacitve couplings, such as that shown in FIGL §, altow the entire pressure
module andior ICs that are susceptible to corrosion from bﬁdy thuids to be coated in the
dieleciric 128 to help isolate the module from the swrounding media yet provide electrical
coupling via a fhud gel w well 122 to condoctor 118, That is, the dielectnie 128 m FIG. 5
may be applied over upper plate 126 for capacitive purposes and over the remainder of the
module for media isolations purposes. Appropriate transducers for use in these
gmbodiments include sthicon MEMS pressure sensors and accelerometers. The dielectnic
128 may be formed by stomic layer deposition or other coating processes. Other
transducers, such as optical based or glectrochemical sensors, may be coated with a thin
layer of silicone or other polymer. Additionally, the capacitor may act with an adhesive
laver seal 124 to seal off well 1220 In an alternative embodiment, the upper capacitive
plate may be coated with # dielectsic withowt & lower capacitive plate such that the
capactior s formed by the upper capacitive plate and the conductive media.
In some capacitive erabodiments, enhancements can be made to the capacitor plates to
wcrease the capacitance and, thereby, lower the mmpedance of the connection. For
gxample, by wereasing the surface arsa of the plates 126, the capacitance may be
increased. This may be done, for example, by making the surface of one or both of plates
126 irreguiar, such as by using jagged or undulated surface. In this way the active surface
area of the plates 120 may be increased without increasing the size of the plates 126, thus
maintaining the desired small size of the connection. Such surfaces may be vreated using
materials such as titanium nitrate, which may be applied using a spultering process, or
plantinum black, which may be applied by an slectroplating or electrodeposition process.
i some smbodiments, such as embodiments having 8 single capacitive plate, porous
stitcone with a high dielectric constant may be used as a film to increase the surface area
and capacttance of the plate. This embediment may be appropriate, for example, when the
transducer and electronics are a single piece of silicon. The back side of the silicon chip
may be processed to make 1t porous such that it may be coated with & suttable insulating
film,

In addition, it way be desirable 1o numimize the distance between the
conductive pad 116 and the conductor 118, thus mininuzing the resistance as well ag

providiog a small size. While the conductive pad 16 and the conductor 118 may be so
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close that they touch, physical contact 15 not necessary using the conductive fluid or gel

according to embodiments of the mvention. Thus, by eliminating a hard physical
connection, the design scoommmodates lexion and wmovement of the conductive pad 116
refative to the conductor 118 while maintaining an clectrical connection.

Ad least & portion of the vansducer 108 may be media exposed to allow
commumication with the enviromnent. The conductive body which contains the transducer
HOB may include ars opening over a portion of the transducer. In some embodiments, the
transducer 108 may be a pressure sensor 114 for detecting pressure, such as the pressure
gxerted upon the pressure sensor 114 by a patient’s blood flowing around the pressure
sensor 14, Such pressure sensors 114 may have diaphragms 120 or membranes on their
susface, which may be exposed to the environment. In embodiments which include a
pressure sensor 114 within g lead 100 or other conductive body, the dlaphragm 120 of the
pressure sensor 4 aray be media exposed through an openiay i the sheath 110, For
example, as shown in FIG. &, the sheath 110 may form an opentng by being completely
absent over the exposed portion of the pressure sensor 114, i this case over a diaphvagm

1200 The exposed portion of the transducer 108 may be partially sheltered by being
focated somewhat centrally withen the circumference of the lead, such as mside an
wdentation i the sheath 110 and backbone 112 as shown in FIG. 6. Alternatively, as
shown m FIG. 7, the sheath 110 moay foro an opening by having one or moore small holes
or pores 128 over the exposed portion of the transducer 108, The use of pores 128 may
shelter the exposed portion of the transducer 108, Itmay also allow for selective filiration
of the bodily fluids to which the transducer 108 iy exposed. For example, for conductive
bodies placed iy the circulatory systemn, the pores 128 may filter the blood cellular
components sucly that the transducer 108 ts only exposed to plasma. Alternatively, such as
in the case of biochenvical sensors, the pores 128 may be 8 semi-permeable membrane that
allow enfry of the substance of interest, such as a chemical, but mummize or exclude
diffusion of other substances which may be sources or evror. Such arrangements may
prevent encapsulation andfor minimize the formation of fibrotic tissue, Prevention of cell
adhesion divectly on the sensing material may reduce or prevert biocorrosion andfor
bofouling. It may slso improve ravsducer performance by reducing seosor drift,

In another embodiment, the transducer 108 may not be media exposed. For example, the
transducer 108 way be a pressure sensor 114 nclading a diaphragm 130, The diaplvagm

120 may be contained within 8 well 122 m the backbone 112 which also contains the
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conductor 118 and the conductive pad 116, Thas the diaphragm 120 may be contained
within the well 122 and surrounded by a conductive thad or gel. The well 122 may be
encased by the sheath 110 which may be sufficiently flexible to allow transmission of
pressure through the fuid or ged of the well 122 to the diapbragm 120, Alternatively, a
fexible capsule may surround the well 122 w addition to or instead of the sheath 110
Thas the sae fthad or gel that provides conduction betwees the pad 110 and the
copductor 118 may also transmit pressure to the sensor diaphragm 120,

I some embodiments, the conductive body such as a Jead body may
inctude one or more optional conductors 118, in addition o the conductors 118 which
supply power to and/or transmut data from the transducer 108, These conductors 118 pass
through the back bone 112 but do not enter the wells 122, The cross section of' a
conductive body shown 1n FIG. 6 contains conductors 118 which supply powerto a
transducer 108 within weldls 122 as well & two additional conductors 118 In some
embodiments, these additional conductors 118 may be at a higher voltage than the
conductors 118 whach power the transducer 108, making them appropriate for providing

power to applicatons such gs electrodes for cardise pacing.
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CLAIMS
I A medical device for implantation within & patient, comprising:

a fead body including at least one conductor within the lead body,

a transducer supported by the lead body for detecting phystological data,
the transducer being electrically voupled to the conductor by a conductive 8uid so
that the conductor provides power 1o the transducer, and

a connector assembly supported by the lead body for connection to an

unplantable medical device.

2. The medical device of elatm 1, wherein the conductive fhad is a hquid,
paste or a gel

3 The medical device of clainy |, whoerein the transducer 15 a pressure sensor,
ary acceleronteter, an scoustic sensar, a flow seusor, a glucase seusor, &

biochemical sensor, a pH sensor, andfor g sivaly gauge.

4. The medical device of claim 1, wherein the conductive fluid is physiologic
saline.

N The medical device of claim 1, wherein the transducer is media exposed.

. The medical devive of claim 1, wherstny the medical device is a pacemaker,

a cardiac resynchronization device, an implantable defibwillator av a physiologic

ORI,

7. The medical device of claim |, wheren the transducer 1s a MEMS clap

andfor an integrated cirouit.

§. The medical device of claim 1, wherein the conductor which provides
power (o the iransducer extends distally to the transducer to provide power to

another fead body component.
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9. A lead for an muplantable medical device for chronic implantation withen a

patient comprising

a tead body inchading a conductor within the lead body, and

a transducer comprising an integrated cireuit supported by the fead body for
detecting physiological data, the transducer being media-exposed when 1 the
oplant epviromment and being electncally coupled to the condoctor by a

conductive fluid, paste or gel.

1, Thelead of clatm 9, further comprising conductors that pass distally to the

fransducer without providing power to the fransducer.

t1. Thelead of claim 9, wherein the transducer 1s 3 MEMS chip andfor

urtegrated circuit which detects pressure.

12, Thelead of clat 11, wherenn the transducer comprises @ diaphragm which

s media exposed.

13, The lead of claim 9, wherein the conductor which provides power to the

transdocer also provides data ransmission.

4. Thelead of claim 9, wherein the transducer s capacitively coupled 1o the

conductor.

oy
L

A muedical device for chronic implantation within a patisnt comprising:

a lead body comprising a supportive backbone having at least one well]

a conductor positioned withya and passing through the af least one well; and
a transduocer within the lead body for detecting physiological data and
inciuding an electrically conductive iterface pad, the transducer sensing parameter
dats and providing an olectrical signal reprosentative of the sensed parameter data
to the mterface pad; and

a conductive Huid, paste or gel filhing at least part of the well and

electrically conpling the conductor and the tnterface pad.
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~13-
16 The medical device of claim 15, wherein the lead body further comprises a

sheath which surrounds the backbone and retamns the conductive fluid or gel within

the well,

17 The medical device of claim 15, wherein the surface of the conductive pad

provides capactiance.

I8, The medical device of claim 15, further comprising

a second conductor positionsd within and passing through a second well in
the backbone, the second well having a second electrical imterface pad of the
transducer, and the conductive {luid or gel filling at least part of the second well

and electrically coupling the second conductor to the second interface pad.

19, The medical device of clatm 1§, wheretn the two wadls are electrically

isolated.

200 The muedical device of clanm 15, wheretn the transducer 13 2 MEMS chip

for detecting pressure.
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