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MONOLITHIC INTEGRATED CIRCUIT/PRESSURE
SENSOR ON PACING LEAD

FIELD OF THE INVENTION
The present invention generally relates to pacing leads, and more particularly

relates to a pressure sensor module for incorporation into a pacing lead.

BACKGROUND OF THE INVENTION

Blood pressure monitoring may be used to assist a medical practitioner in
diagnosing cardiovascular and other conditions of a patient. In many instances, blood
pressure is monitored indirectly since this technique is relatively non-invasive and is
useful for obtaining an approximate blood pressure measurement. Typically, a sleeve is
placed around a patient’s limb, and the patient’s blood pressure is measured on a pressure
gauge coupled to the sleeve. In some circumstances, however, a more accurate blood
pressure measurement may be needed. In such case, direct blood pressure monitoring,
utilizing a device that is surgically implanted into a patient’s bloodstream, may be
employed.

Some direct pressure monitoring device configurations include a capsule having a
pressure transducer disposed therein. The capsule includes an opening that allows fluid to
contact the pressure transducer directly. When the device is appropriately deployed within
the patient (e.g. within the patient’s blood vessel proximate the patient’s heart or within a
chamber of the patient’s heart), blood that is pumped by the heart exerts pressure against
the pressure transducer. The pressure transducer, in turn, senses the exerted pressure and
communicates a signal representative of the sensed pressure to a pressure measurement
gauge or other appropriate pressure measuring device.

Although the above-mentioned pressure monitoring devices are useful in many
circumstances, they may have certain drawbacks. For example, because the pressure
transducer directly contacts the patient’s blood, it may be more susceptible to corrosion.
Thus, in cases in which the pressure transducer includes an integrated circuit chip, the

device may degrade over time. Furthermore, blood may coagulate around the capsule
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opening, which may, in turn, affect pressure transducer operation. As a result, these types
of pressure monitoring devices may not be suitable for long-term pressure monitoring.

In recent years, pressure monitoring devices have been developed to overcome the
aforementioned drawbacks by encasing a pressure transducer within a fluid-filled, smooth-
surfaced capsule and rigidly attaching the pressure transducer to the capsule. The capsule
includes a flexible diaphragm disposed over an opening. When pressure is exerted on the
diaphragm, the pressure is transferred to the pressure transducer via the fluid. The
pressure transducer communicates with an implantable medical device or other
appropriate medical device via a pressure monitoring lead. This device configuration
decreases the corrosion experienced by the pressure transducer, reduces blood coagulation
on the capsule, and may be implanted into a patient for relatively long-periods of time.
However, when the pressure monitoring device is disposed within a patient’s heart
chamber, heart contractions may cause force to be applied to the lead, and therefore
directly to the rigidly attached pressure transducer. This undesirable strain may decrease
the structural integrity of the pressure monitoring device over time.

Accordingly, it is desirable to have a relatively simple and inexpensive pressure
monitoring device that has a corrosion-resistant configuration and is capable of being
implanted into a patient for long periods of time. In addition, it is desirable to have a
pressure monitoring device that is configured to reduce strain due to lead movement.
Furthermore, other desirable features and characteristics of the present invention will
become apparent from the subsequent detailed description of the invention and the
appended claims, taken in conjunction with the accompanying drawings and this

background of the invention.

BRIEF SUMMARY OF THE INVENTION

A pressure sensor module is provided which comprises a capsule having a cavity
formed therein, and a pressure transducer disposed within the cavity of the capsule. A
feedthrough pin, fixedly coupled to the capsule, extends into the capsule and is electrically
coupled to the pressure transducer.

In another exemplary embodiment, a pressure sensor module is provided for use in

a medical lead including a wire conductor. The module comprises a capsule having a
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cavity formed therein, a biocompatible media disposed within the cavity of the capsule, a
pressure transducer disposed within the biocompatible media, and a feedthrough pin
fixedly coupled to the capsule. The feedthrough pin has a first end configured to be
coupled to the wire conductor of the medical lead and has a second end configured to be
flexibly coupled to the pressure transducer.

In still another exemplary embodiment, a method for manufacturing a pressure
sensor module is provided comprising flexibly mounting a transducer in a cavity of a
capsule and bonding a conductor between the pressure transducer and a feedthrough pin

that is fixedly coupled to the capsule.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will hereinafter be described in conjunction with the
following drawing figures, wherein like numerals denote like elements, and

FIG. 1 is a side view of an exemplary lead;

FIG. 2 is a cross sectional view of a portion of an exemplary lead body that may be
implemented within the lead depicted in FIG. 1;

FIG. 3 is a top view of an exemplary pressure module that may be implemented
within the lead depicted in FIG. 1 in accordance with a first embodiment of the present
invention;

FIG. 4 is a cross sectional view of the lead depicted in FIG. 3 taken along line 4-4;

FIG. 5 is an isometric view the exemplary pressure module depicted in FIG. 3
having a sheath disposed therearound; and

FIG. 6 is a flow chart illustrating an exemplary method for manufacturing the

pressure capsule depicted in FIG. 3.

DETAILED DESCRIPTION OF THE INVENTION

The following detailed description of the invention is merely exemplary in nature
and is not intended to limit the invention or the application and uses of the invention.
Furthermore, there is no intention to be bound by any theory presented in the preceding

background of the invention or the following detailed description of the invention.
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FIG. 1 is a side view of an exemplary medical lead 100 configured to be coupled to
an implantable medical device or other monitoring device (not shown) and includes a
pressure sensor module 300. Lead 100 may be any one of a number of different types of
leads; for example, a pressure monitoring lead, a therapy lead, etc. In any case, lead 100
includes a connector assembly 102, a lead body 106, and pressure sensor module 300.
Connector assembly 102 is located at a proximal section 104 of lead 100 and may be
configured to be coupled to an implantable medical device (not shown) to electrically
couple lead 102 thereto.

FIG. 2 is a cross-sectional view of an exemplary portion of lead body 106
including wire coils 202 and 204, each configured to electrically couple connector
assembly 102 to pressure sensor module 300. Wire coils 202 and 204 are each depicted
herein as single pole coiled wire conductors; however, it should be appreciated that any
other suitable electrical configuration for coupling connector assembly 102 and pressure
sensor module 300 may be employed. Furthermore, wire coils 202 and 204 may be made
of any suitable biocompatible material such as titanium or the like.

Referring to FIGs. 3 and 4, pressure sensor module 300 is configured to sense
pressure exerted thereon by a patient’s blood flowing therearound. Generally, pressure
sensor module 300 includes a feedthrough pin 301, a capsule 302 having a cavity 308
therein, a pressure transducer 304, conductors 328 and 330 (e.g. a conductive ribbon), and
an outer sheath 344 (shown in FIG. 5). As can be seen, feedthrough pin 301 extends into
cavity 308, and pressure transducer 304 is positioned within cavity 308. Feedthrough pin
301 is insulated from capsule 302 by means of an insulative ferrule 322 (e.g. glass, plastic,
etc.) that is provided through an end wall 312 of capsule 302. It should be noted that
capsule 302, ferrule 322, and feedthrough pin 301 provide a rigid structure whether
formed integrally or formed separately and subsequently assembled. A second
feedthrough pin 340 may be provided through an opposite end wall 310 of capsule 302 in
a similar manner. Wire conductor coils 202 and 204 (FIG. 2) may be electrically coupled
to feedthrough pins 306 and 340. Capsule 302 may be formed of any suitable
biocompatible material, such as titanium, or a biocompatible polymer. It should also be
appreciated that while capsule 302 has been shown as an elongated tube, it may have any

other suitable configuration.
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Pressure transducer 304 includes an integrated circuit 314 on a substrate 316.
Circuit 314 is configured to convert sensed pressure into representative electrical signals
and may comprise a MEMS integrated circuit chip, discrete passive electrical components,
etc. Circuit 314 is electrically coupled to feedthrough pins 301 and 340 by means of
flexible conductors 328 and 330, respectively (e.g. titanium, niobium, or platinum wires or
ribbons), using known bonding techniques; e.g. laser welding, wire bonding, etc. It should
be noted that pressure transducer 304 is not coupled or attached to any other portion of
capsule 302, and except for its attachmeﬁt to conductors 328 and 330, pressure transducer
304 is effectively suspended within cavity 308. Additionally, cavity 308 may be filled
with a biocompatible substance, not shown, such as deionized watch, saline, silicone gel or
the like, preferably a material that absorbs body electrolytes. If desired, pressure
transducer 304 may be provided with a passivating layer (also not shown) for further
protection. This passivating layer may comprise any one of a number of materials suitable
for such purposes.

It should now be appreciated that due to the free-floating configuration of pressure
transducer 304 within cavity 308, and the utilization of feedthrough pins 306 and 340 that
are attached to capsule 302 by means described above, transducer 304 is provided with
non-hermetic strain relief that is further enhanced through the use of a biocompatible
material within cavity 308. That is, forces that are exerted on feedthrough pins 306 and
340 are transferred to capsule 302 and not to transducer 304. Furthermore, any motion
imparted to conductors 328 and 330 due to such forces is cushioned or absorbed by the
media contained within cavity 308 and surrounding transducer 304.

Feedthrough 306, as earlier suggested, electrically couples pressure transducer 304
to wire coil 202 to transmit a signal representative of pressure from integrated chip 314 to
the non-illustrated implantable medical device. Feedthrough 306 is also configured to
provide non-hermetic strain relief between pressure transducer 304 and lead 100 when
module 300 is coupled to lead 100

Referring to FIG. 5, capsule 302 may include an outer housing 342 and an outer
sheath 344. Outer housing 342 is configured to house capsule 302 therein and includes
one or more openings 346 therethrough that communicate with cavity 308. Outer housing

342 may be constructed of any one of a number of suitable materials as previously
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described. In one exemplary embodiment, outer sheath 344 is a sleeve that covers outer
housing 342. In another exemplary embodiment, outer sheath 344 is a flexible diaphragm
configured to be disposed over openings 346. In such case, outer sheath 344 is
constructed of a biocompatible material that is flexible and responsive to pressure exerted
thereon; for example, polyurethane or silicone. Biocompatible media is held within cavity
308 by outer housing 342 and outer sheath 344.

FIG. 6 is a flow diagram 600 of an exemplary method for manufacturing the
above-described pressure sensor module 300. First, pressure transducer 304 is flexibly
mounted in cavity 308 of capsule 302 (step 602). Next, transducer 304 and feedthrough
pins 301 and 340 are electrically coupled to one another (step 604). Pressure transducer
304 may be coated with a passivating material to form a passivating layer (step 606),
followed by depositing biocompatible material in cavity 308 (step 608).

With regard to step 602, pressure transducer 304 may be obtained from any one of
numerous sources. For example, pressure transducer 304 may be manufactured to include
conductors 328 and/or 330 pre-bonded thereto, or alternatively, without pre-bonded
conductors. Alternatively, pressure transducer 304 may comprise a standard off-the-shelf
item obtained from any one of numerous sources. Capsule 302 first may be machined
from an appropriate material to include end openings, and appropriately configured
insulative ferrules each having a passageway therethrough inserted into the end openings.
Conductive pins are then inserted through the insulative ferrules. Capsule 302 is then
heated to affix the conductive pins to the insulative ferrules. Alternatively, the
feedthrough pins 301 and 340 may be integrally formed as part of capsule 302.

Pressure transducer 304 is flexibly mounted within cavity 308 by, for example,
depositing biocompatible potting material to partially fill cavity 308, positioning pressure
transducer 304 on the deposited potting material, and electrically coupling the pressure
transducer to feedthrough pins 301 and 340 (step 604) by, for example, laser welding, wire
bonding, soldering, parallel gap welding, and the like. If not aiready provided, a
passivating layer may be deposited over pressure transducer 304 by, for example, the
deposition of any suitable material (step 606). Finally, cavity 308 is substantially filled
with biocompatible media (step 608). If biocompatible material is gel-like, it may be

deposited directly into cavity 308 via a dispenser and may be heated, cooled, or the like, in
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order to set module components therein. If biocompatible media is more liquid, capsule
302 may be inserted into outer housing 342 and covered with outer sheath 344. If outer
sheath 344 is a sleeve, outer housing 342 is inserted into outer sheath 344. If outer sheath
344 is a sheet of material, outer sheath 344 is placed over window 346 and coupled to
outer housing 342. In either case, cavity 308 is sealed and biocompatible fluid may be
introduced into cavity 308 via, for example, a fill port (not shown) that may be pre-
machined into capsule 302.

Thus, apparatus and methods have been provided for a relatively simple and
inexpensive pressure monitoring device that is has a corrosion-resistant configuration and
is capable of being implanted into a patient long-term. In addition, the apparatus provides
accurate blood pressure measurements.

While at least one exemplary embodiment has been presented in the foregoing
detailed description of the invention, it should be appreciated that a vast number of
variations exist. It should also be appreciated that the exemplary embodiment or
exemplary embodiments are only examples, and are not intended to limit the scope,
applicability, or configuration of the invention in any way. Rather, the foregoing detailed
description will provide those skilled in the art with a convenient road map for
implementing an exemplary embodiment of the invention, it being understood that various
changes may be made in the function and arrangement of elements described in an
exemplary embodiment without departing from the scope of the invention as set forth in

the appended claims and their legal equivalents.
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CLAIMS
1. A pressure sensor module, incorporated with a medical lead, the module
comprising:

a capsule having a cavity formed therein;
a pressure transducer disposed within said cavity of said capsule;
and
a feedthrough pin extending into said capsule and fixedly coupled thereto, said

feedthrough pin electrically coupled to said pressure transducer.

2. The pressure sensor module of claim 1, further comprising:
a flexible conductor coupled between said feedthrough pin and said pressure

transducer.

3. The pressure sensor module of claim 1, wherein said pressure transducer is

suspended within said cavity of said capsule.

4. The pressure sensor module of claim 3, further comprising:
biocompatible media disposed within said cavity and surrounding said pressure

transducer.

5. The pressure sensor module of claim 1, wherein said pressure transducer includes a

passivating layer disposed thereon.

6. The pressure sensor module of claim 1 further comprising an insulative ferrule
fixedly coupled in a wall of said capsule to insulate said feedthrough pin from said

capsule.

7. The pressure sensor module of claim 1, further comprising:
an outer housing disposed around said capsule, said outer housing including an

opening therethrough in fluid communication with said cavity.
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8. The pressure sensor module of claim 7, further comprising:
a resilient diaphragm disposed over at least said opening for transmitting a pressure

applied thereto.

9. The pressure sensor module of claim 7, further comprising:
a flexible outer sheath around said outer housing, said outer sheath having a

section disposed over said opening and responsive to pressure applied to said section.

10. A pressure sensor module for use in a medical lead having a wire conductor,
comprising:

a capsule having a cavity formed therein;

biocompatible media disposed within said cavity of said capsule;

a pressure transducer disposed within said biocompatible media;
and

a feedthrough pin fixedly coupled to said capsule, said feedthrough pin having a
first end configured to be coupled to the wire conductor and said second end flexibly

coupled to said pressure transducer.

11.  The pressure sensor module of claim 10, further comprising:
a flexible conductor coupled between said second end of said feedthrough pin and

said pressure transducer.

12.  The pressure sensor module of claim 10, wherein said pressure transducer includes

a passivating layer disposed thereon.
13.  The pressure sensor module of claim 10 further comprising:
an insulative ferrule fixedly coupled in a wall of said capsule to insulate said

feedthrough pin from said capsule.

14.  The pressure sensor module of claim 13 further comprising:
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an outer housing disposed around said capsule, said outer housing including an

opening therethrough in fluid communication with said cavity.

15.  The pressure sensor module of claim 14 further comprising:
a flexible diaphragm disposed over at least said opening for transmitting a pressure

applied thereto.

16.  The pressure sensor module of claim 14 further comprising:
a flexible outer sheath around said outer housing, said outer sheath having a

section disposed over said opening and responsive to pressure applied to said section.

17. A method for manufacturing a pressure sensor module comprising:
flexibly mounting a transducer in a cavity of a capsule; and
bonding a conductor between the pressure transducer and a feedthrough pin fixedly

coupled to the capsule.

18.  The method of claim 17, further comprising:

depositing a biocompatible media into the cavity of the capsule.

19.  The method of claim 18, wherein the step of mounting comprises positioning the

pressure transducer in the biocompatible media.

20. The method of claim 17, wherein the step of mounting comprises:

insulating said feedthrough pin from said capsule by means of an insulating ferrule
through a wall of said capsule; and

heating the insulative ferrule, feedthrough pin, and capsule to fixedly couple the

feedthrough pin to the insulative ferrule and the insulative ferrule to the capsule.
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