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A catheter (20) includes a body portion (22) having a distal end

in the body portion between the distal and proximal ends.

(24) and a proximal end (26). A plurality of lumens (28) are formed
A heating element (30) and a temperature sensor (32) are disposed on the

catheter, with the temperature sensor being positioned between the heating element and the distal end of the body portion. Heating—element
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REDUCED-NOISE CATHETER

FIELD OF THE INVENTION

The present invention relates to catheters for measuring
cardiac functions and, more particularly, to catheters
which incorporate a temperature for measuring cardiac

output.

BACKGROUND OF THE INVENTION

Cardiac functions such as intercardiac pressure, flow
rate, and ejection fraction of a patient are monitored by
physicians in order to obtain vital information necessary
to perform various cardiovascular procedures. Of the
various cardiac functions, cardiac output provides a
physician with the amount of blood discharged from one
ventricle of the heart, typically the right ventricle, and
flowing through the cardiovascular system at a given time.

Cardiac output 1is preferably measured continuously
throughout a particular surgical procedure. The cardiac
output of a patient may also be measured before and after
a surgical procedure. To measure cardiac output, the
physician inserts a catheter into the cardiovascular system
and positions the catheter at a target sight. The catheter
has a heating element which is activated to heat the blood
flowing around the catheter at the target sight. A
temperature sensor, for example, a thermistor, positioned
downstream of the heating element provides a signal from
which blood temperature is calculated. Cardiac output may
then be calculated based upon the blood temperature in
conjunction with other variables.

The signal from the temperature sensor is relatively
small. Accordingly, conventional temperature-sensing
catheters are vulnerable to a number of error-inducing

sources. A surgical theater is a particularly noisy
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electrical environment, due in part to multiple machines
operating simultaneously. The human body is also very
noisy. All of this electronic, thermal, and physiological
noise decreases the accuracy of the signal from the
temperature sensor. Although sophisticated signal
processing techniques and equipment have been employed in
the prior art to reduce the amount of noise (and resultant
error) as much as possible, there still exists a
significant amount of noise in the measurement of cardiac
output. These noise problems affect the accuracy of cardiac
output measurements and hinder a physician's ability to
successfully diagnose, monitor, and treat cardiovascular

problems of a patient.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to
provide a temperature-sensing catheter which mitigates
and/or obviates the aforementioned drawbacks of
conventional temperature-sensing catheters.

It 1is another object of the invention to provide a
temperature-sensing catheter which measures cardiac output
with a significant improvement in accuracy over
conventional catheters.

It is yet another object of the present invention to
provide a temperature-sensing catheter having significantly
reduced noise resulting from heating element operation.

These objects, as well as other objects, features, and
advantages of the present invention, are achieved by
providing a catheter in which temperature-sensor wires
connected to a temperature sensor are twisted. The
inventors of the present invention have discovered that
errant noise in a voltage signal carried on the
temperature-sensor wires from the temperature sensor

results from an induced bias voltage. This errant bias
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voltage is caused by thermal, electromagnetic, or combined
thermal and electromagnetic effects.

According to one aspect of the present invention, a
catheter includes a body portion having a distal end and a
proximal end. A plurality of lumens are formed in the body
portion between the distal and proximal ends. A heating
element and a temperature sensor, preferably a thermistor,
are disposed on the catheter, with the temperature sensor
positioned between the heating element and the distal end
of the body portion. Heating-element wires are connected to
the heating element and extend from the heating element to
the proximal end of the body portion in one of the lumens
of the catheter, and temperature-sensor wires are connected
toc the temperature sensor and extend in a twisted
configuration from the temperature sensor to the proximal
end of the body portion in one of the 1lumens of the
catheter. The heating-element wires are connectable to a
control unit and carry an activation signal from the
control unit to the heating element to activate the heating
element. The temperature-sensor wires are connectable to a
processing unit and carry a temperature-sensor signal from
the temperature sensor to the processing unit for
processing.

An advantage of the catheter of the present invention
over conventional catheters is that the twisted
configuration of the temperature-sensor wires significantly
reduces the amount of noise and, accordingly, the amount of
error in measuring cardiac output. The inventors of the
present invention have determined that a flow differential
of cardiac output, which is the difference between the
actual blood flow and the measured blood flow, may be
reduced by about 80%. This significant reduction in flow
differential provides a greatly improved, highly accurate

temperature-sensing catheter for measuring cardiac output.
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Oone of the features of the invention is that the
temperature-sensor wires may be received in the same lumen
within which the heating-element wires are received. Prior
to the present invention, heating-element wires induced a
significant cross-talk signal onto the temperature-sensor
wires. Accordingly, attempts were made to isolate and
shield the temperature-sensor wires in another lumen.
However, the twisted configuration of the temperature-
sensor wires substantially eliminates cross talk from the
heating-element wires. Accordingly, the wires may be
received within the same catheter. This allows one
additional lumen to be used for another purpose, thereby
increasing the functionality of the catheter.
Alternatively, the catheter may be made with a reduced
outer diameter, thereby providing reduced risk of trauma to
the cardiovascular system of the patient.

Other aspects, features, and advantages of the present
invention will become apparent to those skilled in the art
from a reading of the following detailed description with

reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
FIGURE 1 1s a perspective view of a reduced-noise

catheter shown in a preferred embodiment of the present
invention;
FIGURE 2A is a cross-sectional view of the reduced-noise

catheter of the invention, taken along lines 2-2 of FIGURE

1, particularly illustrating a preferred embodiment of the
catheter in which heating-element wires and temperature-
sensor wires are positioned within separate lumens of the
catheter;

FIGURE 2B is cross-section view similar to that of FIGURE

2A, particularly illustrating another preferred embodiment

of the catheter in which the heating-element wires and the
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temperature-sensor wires are positioned within the same
lumen of the catheter;

FIGURE 3 is a cross-sectional view of the reduced-noise
catheter of the invention, taken along line 3-3 of FIGURE 1,

particularly illustrating a section of the catheter at
which a heating element is disposed;

FIGURE 4 1is a developmental view of a preferred
embodiment of a heating element of the reduced-noise

catheter of the present invention;

FIGURE 5 1s a cross-sectional view of the reduced-noise
catheter of the invention, taken along line 5-5 of FIGURE 1,

particularly illustrating a section of the catheter at
which a temperature sensor is disposed;

FIGURE 6A 1is a perspective view of a pair of separate
temperature-sensor wires shown in a substantially parallel
condition;

FIGURE 6B is a perspective view of a pair of separate
temperature-sensor wires for a reduced-noise catheter in
accordance with the present invention, illustrating the
pair of separate temperature-sensor wires in a braided or
twisted condition;

FIGURE 7A is a perspective view of bifilar temperature-

sensor wires shown in an untwisted condition;
FIGURE 7B 1is a perspective view of bifilar temperature-

sensor wires for a reduced-noise catheter in accordance
with the present invention, illustrating the bifilar
temperature-sensor wires in a twisted condition;

FIGURE 8 1is a schematic representation of a preferred

implementation of the reduced-noise catheter of the present
invention, illustrating the measurement of cardiac output;

FIGURE 9 is a graph illustrating flow differentials of

conventional catheters and preferred embodiments of the

reduce-noise catheter of the present invention;
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FIGURE 10A is a schematic representation of a circuit

including a thermistor and a processing unit for measuring
cardiac output;

FIGURE 10B is a schematic representation of a circuit

including a thermistor and a processing unit for measuring
cardiac output configured as a voltage divider;

FIGURE 10C is a schematic representation of a circuit

including a thermistor and a processing unit for measuring

cardiac output configured as a current divider; and
Figure 11 is a graph illustrating voltage measurements

as a function of a change in temperature of the circuits

represented in FIGURES 10A and 10B.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
Referring to the drawings, particularly to FIGURES 1 and

2A, a reduced-noise catheter 20 is illustrated in
accordance with a preferred embodiment of the present
invention. The reduced-noise catheter 20 generally includes
a body portion 22 which has a distal end 24 and a proximal
end 26. At least one but preferably a plurality of lumens
are formed in the body portion 22 longitudinally between
the distal end 24 and the proximal end 26 thereof. The
lumens are generally indicated by reference numeral 28 and
specifically indicated by reference numeral 28 with an
alpha suffix, i.e., 28a, 28b, 28¢c, .. 28n, which is shown in
FIGURE 2A. This alphanumeric numbering convention will be
followed as appropriated herein.

A heating element 30 is disposed between the distal end
24 and the proximal end 26 of the body portion 22, and a
temperature sensor 32, preferably a thermistor, is disposed
between the heating element 30 and the distal end 24 of the
body portion 22. Heating-element wires 34 are connected to

the heating element 30 and extend from the heating element
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at least to the proximal end 26 of the body portion 22
within one of the lumens 28. Temperature-sensor wires 36
are connected to the temperature sensor 32 and also extend
at least to the proximal end 26 of the body portion 22 in
one of the lumens 28.

Specifically referencing FIGURE 2A, the heating-element

wires 34 and the temperature-sensor wires 36 are shown to
occupy separate lumens 28, specifically lumen 28b and lumen
28c, respectively. However, according to a preferred

embodiment of the invention illustrated in FIGURE 2B, the

heating~element wires 34 and the temperature-sensor wires
36 are positioned within the same lumen 28, specifically
lumen 28b. The preferred embodiments of the reduced-noise

catheter 20 shown in FIGUREs 2A and 2B, particularly the

novel features of the temperature-sensor wires 36, will be
discussed in more detail below. In addition, the respective
configurations and functions of the heating-element wires
34 and the temperature-sensor wires 36, each wire of which
may include a conductor 38 and an insulator 40, will also
be discussed in more detail below.

With reference to FIGUREs 3 and 4, a preferred

configuration of the heating element 30 of the reduced-
noise catheter 20 is shown. The heating element 30 is
preferably in the form of a conductive ribbon-like filament
42 spirally wrapped around an external surface and along a
length 1, of the body portion 22. The filament 42 is
configured such that an overall length of the filament
itself, if laid straight from end to end, is substantially
longer than length 1, of the body portion 22. Accordingly,
the relationship between the resistance and the surface
area of the filament 42 allows an efficient radiation of
heat from the filament 42 when activated by a power supply.
Further, the filament 42 may be thought to have a

predetermined number of turns or revolutions around the
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external surface of the body portion 22, such that the
pitch of the heating element 30 may be determined by
dividing the predetermined number of revolutions of the
filament 42 by length 1,.. Although a specific configuration
of a preferred embodiment of the heating element 30 is
shown in FIGURES 3 and 4, there are numerous commercially

available heating elements and modifications of the
configuration illustrated in the drawings which may be
suitably used in alternative embodiments of the invention.
At each end of the filament 42 formed a lead 44
(specifically 44a and 44b) to which the heating-element
wires 34 are respectively connected. In order to connect
the heating-element wires 34 to the 1leads 44 of the
filament 42, an aperture (not shown) is formed through the
body portion 22-between the external surface of the body
portion 22 and the lumen 28 in which the heating-element
wires 34 are positioned (i.e., lumen 28b)—so that the
heating-element wires 34 are accessible to the leads 44.
An insulating strip 46 may be positioned between the
filament 42 and the external surface of the body portion
22. The configuration of the insulating strip 46 preferably
corresponds to that of the filament 42. A protective outer
coating 48 may also be applied around the section of the
body portion 22 at which the filament 42 is positioned.
With reference to FIGURE 5, a preferred embodiment of the

temperature sensor 32 of the reduced-noise catheter 20 is
shown. The temperature sensor 32 is received in a port 50
which is formed in the body portion 22, extending from the
external surface of the body portion 22 to the lumen 28 in
which the temperature-sensor wires 36 are positioned (i.e.,
lumen 28c). The temperature sensor 32 has a pair of
insulated leads (not shown) which are accessible to the
temperature-sensor wires 36 through the port 50 and to

which the temperature-sensor wires 36 are respectively
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connected. A protective coating 52 is preferably applied
over the temperature sensor 32 within the port 50.

As previously mentioned, the temperature-sensor wires 36
of the reduced-noised catheter 20 of the present invention
are twisted. For example, the temperature-sensor wires 36

are initially separate wires, as shown in FIGURE 6A, which

are brought together so that the insulating coatings 40 of
the conductors 38 contact. The temperature-sensor wires 36

are then twisted together, as shown in FIGURE 6B.
Alternatively, referencing FIGURE 7A, the temperature-sensor

wires 36 may be bifilar which means that the insulating
coatings 40 of the conductors 38 are attached along a seam
54. The bifilar temperature-sensor wires 36 are then

twisted, resulting in the configuration shown in FIGURE 7B.
The pitch of the temperature-sensor wires 36 shown in FIGURES

6B and 7B may vary according to the particular embodiment
of the reduced-noise catheter 20. However, it is preferable
for the pitch of the temperature-sensor wires 36 to be at
least about two revolutions per centimeter (cm) (or about
five revolutions per inch) and preferably within the range
of about two revolutions per cm to about six revolutions
per cm (or about 15 revolutions per inch).

According to a preferred embodiment of the reduced-noise
catheter 20 of the present invention illustrated in FIGURE

1, a coupling apparatus 56 may be connected to the proximal
end 26 of the body portion 22. The coupling apparatus 56
includes a plurality of lumens (not shown) corresponding to
and in communication with the lumens 28 of the body portion
22. From the lumens of the coupling apparatus 56 extends a
plurality of coupling units 58. Each of the coupling units
58a, 58b, 58¢, .. 58n includes a lead 60 and a couple 62
which are configured for the measurement of a specific
cardiovascular function. For example, any number of the
couple units 58 may be used in the electrical measurement
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of various cardiac functions, in the introduction of fluids
into the vascular system, or in conjunction with a balloon
disposed at the distal end 24 of the body portion 22, and
so on as known in the art.

One of the coupling units 58 is used in conjunction with
the heating element 30 (for example, coupling unit 58b),
and another one of the coupling units 1is wused 1in
conjunction with the temperature sensor 32 (for example,
coupling unit 58c). Accordingly, the heating-element wires
34 extend from lumen 28p of the body portion 22, through a
corresponding lumen of the coupling apparatus 56, and
through lead 60b to couple 62b of coupling unit 58b.
Similarly, the temperature-sensor wires 36 extend from
lumen 28c of the body portion 22, through a corresponding
lumen of the coupling apparatus 56, through lead 60c to
couple 62¢ of coupling unit 58c.

A preferred implementation of the reduced-noise catheter

20 of the present invention is illustrated in FIGURE 8. The

body portion 22 of the catheter 20 may be inserted into the
cardiovascular system of a patient, which includes a heart
64 and blood vessels, by making an incision in the patient
and inserting the body portion 22 into a blood vessel of
the patient. The body portion 22 is urged intravascularly
until the distal end 24 is positioned at a target location
with the temperature sensor 32 downstream of the heating
element 30. The target location is preferably within the
pulmonary artery 66 so that the cardiac output of the right
ventricle of the heart 64 may be measured.

The body portion 22 of the catheter 20 may be inserted
either jugularly, as indicated by A in FIGURE 8, or

femorally, as indicated by B in FIGURE 8. Jugular access

leads the catheter 20 through the superior vena cava and
into the right atrium of the heart 64. Femoral access leads

the catheter 20 into the inferior vena cava and into the
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right atrium of the heart 64. Once in the right atrium, the
distal end 24 may be urged into the right ventricle and
through the pulmonary valve into the pulmonary artery 66.

With the body portion 22 positioned in the patient, the
couple 62 corresponding to the heating element 30 (i.e.,
couple 62b) is connected to a control unit 68 for providing
electrical signals (for example, a cycle of pseudorandom
binary sequences) to activate the heating element 30, and
the couple 62 corresponding to the temperature sensor 32
(i.e., couple 62c) is connected to a processing unit 70 for
processing electrical signals from the temperature sensor
32. The electrical signals from the temperature sensor 32
are used to calculate blood temperature which, in turn, is
used to calculate cardiac output or blood flow.

Generally speaking, in operation the heating element 30
is activated, heating the volume of blood passing over and
around the heating element 30. The resistivity of the
temperature sensor 32 changes from the heating of the
blood, changing the signal received at the processing unit
70. Based upon Kknown variables, cardiac output may be
calculated. These calculations are known in the art and
will not be detailed herein. In the preferred embodiment of
the catheter 20 in which the temperature sensor 32 is a
thermistor, the resistivity of the thermistor decreases as
the temperature of the blood increases.

In order to substantially eliminate a DC bias signal in
the electrical signals from the temperature sensor 30, the
temperature-sensor wires 36 are twisted as described above.
The bias signal is synchronous with the electrical signal
(e.g., a pulsed 100-kHz sine wave signal) applied to the
heating element 30. The bias signal, if not eliminated,
creates a significant flow differential in the measurement
of cardiac output. Flow differential is the difference in
the measured flow of blood and the actual flow of blood. A

bias signal decreases the integrity of the measurement. For
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example, if the actual flow of blood is 9 liters per minute
(L/min) and the measured flow of blood is 10.3 L/min, then
the flow differential is 1.3 L/min.

The inventors of the present invention have determined
that conventional catheters having a standard configuration
of substantially straight and parallel temperature-sensor
wires typically yield flow differentials of up to or about
1.0 liter per minute (L/min). Many conventional catheters
may yield flow differentials of greater than 1.5 L/min. If
the actual blood flow is 9 L/min, then a flow differential
of 1.5 L/min represents a nearly 17% error in measurement.

In contrast to conventional <catheters, preferred
embodiments of the reduced-noise catheter 20 of the present
invention yield flow differentials of less than 0.5 L/min,
with a number of the preferred embodiments of the catheter
20 yielding flow differentials of less than 0.25 L/min.
Indeed, in testing performed by the inventors of the
present invention, on average the reduced-noise catheter 20
may reduce the error in measuring blood flow by
approximately 80%. Not only 1is this error reduction
significant but it represents a critical and substantial
advancement in the art of catheters. A plot of flow
differentials of conventional catheters and of the reduced-
noised catheter 20 of the present invention is illustrated

in FIGURE 9. In addition, the inventors have determined that

while the twisted temperature-sensor wires 36 significantly
reduces noise of the signal reaching the processor 70, the
twisted wires 36 have no direct effect on the DC voltage
applied to the temperature sensor 32 or on the low voltage
DC measurement of the temperature sensor 32 itself.

It has been determined that the error is caused by
either thermal interference or electromagnetic
interference, or a combination of both. Both the thermal

and the electromagnetic interference may be caused by the
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activation of the heating element 30. The electrical signal
applied to the heating element 30 by the control unit 68 is
relatively large (e.g., about 15 watts) when compared to
the electrical signal received by the processing unit 70
from the temperature sensor 32 (e.g., on the order of
millivolts). Further, it has been determined that the
errant DC bias voltage across the temperature sensor 32 is
synchronous with the pulsing signal applied to the heating
element 30. Accordingly, two time constants may be present:
one resulting from thermal interference and one resulting
from electromagnetic interference.

With further reference to FIGURE 1 and as mentioned

above, the pitch of the temperature-sensor wires 36
preferably ranges from about two revolutions per cm to
about six revolutions per cm. Although the temperature-
sensor wires 36 may be twisted along substantially the
overall length 1, of the body portion 22 (less the distance
1, from the temperature sensor 32 to the distal end 24 of
the body portion 22), the reduced-noise catheter 20 may be
configured with the temperature-sensor wires 36 twisted
only along that section of the body portion 22 at which the
heating element 30 is located. Thus, the temperature-sensor
wires 35 may be twisted along length 1, of the body portion
22, which length may be thought of as the zone of cross-
talk. Alternatively, the temperature-sensor wires 36 may
also be twisted along the length of the body portion 22
defined by the overall length 1, less the distance 1,, i.e.,
the distance from the distal end of the heating element 30
to the distal end 24 of the body portion 22. This length of
the body portion 22 represents the length along which the
heating-element wires 34 and the temperature-sensor wires
36 are coexistent.

Regarding the size of the temperature-sensor wires 36,
as the electrical signal carried by the temperature-sensor
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wires 36 to the processing unit 70 is relatively small in
magnitude, the wires themselves may be relatively small
(for example, less than about 0.01 inch in diameter) when
compared to the heating-element wires 34. If the
temperature sensor 32 includes a thermistor, the signal
carried by the temperature-sensor wires 36 may be on the
order of millivolts or smaller. Alternatively, if the
temperature sensor 32 includes a current-based sensor, then
the signal carried by the temperature-sensor wires 36 will
be a small-magnitude current signal.

Because of the small size and because of the noise-
eliminating twisted configuration, the temperature-sensor
wires 36 may be received in the same lumen 28 as that of

the heating wires 34, which embodiment is shown in FIGURE
2B. Alternatively, the diameter e,, (See FIGURE 2A) of the

lumen 28 in which the temperature-sensor wires 36 are to be
received may be made smaller, thereby saving space in the
body portion 22 or allowing the overall diameter o, (see
FIGURE 1) of the body portion 22 to be accordingly smaller.

With reference to FiGures 10A, 10B, and 10C, there are a

number of commercially available processing units which may
be used to process the electrical signals from the
temperature sensor 32 to calculate blood temperature, blood
flow, cardiac output, etc. One type of processing unit (for
example, Supermodule™, which 1is available from Baxter
Healthcare Corporation) used a voltage divider at the
“front end” of the unit and applies a small voltage to the
temperature sensor 32, which is schematically represented

in FIGure 10B. Another type of processing unit (for example,

Vigilance®, which is also available from Baxter Healthcare
Corporation) uses a current divider at the “front end” of
the unit and applies a small current to the temperature

sensor 32, which is schematically represented in FIGURE 10C.

Accordingly, these two processing units 70a and 70b respond
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differently (i.e., oppositely) to the errant bias signal
present on untwisted temperature-sensor wires 36. This
different response is taken into consideration in
configuring the preferred embodiment of the reduced-noise
catheter 20 of the present invention.

With additional reference to FIGURE 11, taking into

consideration the preferred embodiment in which the
temperature sensor 32 1is a thermistor, as temperature
increases, which is indicated by AT, the resistance of the
thermistor 32 decreases, as indicated by AR;. Accordingly,
the voltage measured by the voltage divider increases, as
indicated by AV,, whereas the voltage measured by the
current divider decreases, as indicated by AV,. The errant
bias offset signal E will be additive in the voltage

divider (in FIGURE 10B) and will be subtractive in the
current divider (in FIGURE 10C). Accordingly, any changes in

temperature or in true resistance of the thermistor 32 will
cause a proportional but opposite change in the measured
values of the processing units 70b and 70c. For example, if
the actual blood flow is 9 L/min, then the voltage-divider
processing unit 70b may measure 11 L/min, and the current-
divider processing unit 70c may measure 7 L/min. This
inconsistency in processing units 70 is eliminated by the
reduced-noise catheter 20 of the present invention because
the errant bias signal E is substantially eliminated. Thus,
regardless of the type of processing unit 70 used 1in
conjunction with the reduce-noise catheter 20, an accurate
and confident measurement of the cardiac output may be
calculated.

In a commercial embodiment the reduced-noise catheter
20, the overall length 1,, of the body portion 22 may be any
desired length suitable for measuring cardiac output in a
patient, which is preferably about 110 cm, thereby allowing
the body portion 22 of the catheter 20 to be inserted into
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the patient femorally. Further, the distance 1, from the
thermistor 32 to the distal end 24 of the body portion 22
may range up to about 10 cm but preferably ranges from
about 3 cm to about 5 cm. The distance between the distal
end of the heating element 32 (which may be activated
either a DC signal or an AC signal) and the temperature
sensor 30 (i.e., 1, minus 1,) may range up to about 20 cm.
The outer diameter o, of the body portion 22 is preferably
about 7 French, although this diameter depends upon the
number of lumens 28 of the body portion 22, the size of the
lumens 28, and so on. In addition, the outer surface of the
body portion 22 may have distance marks 72 evenly spaced
along the length which indicate to a physician the distance
the body portion 22 has been inserted into the vascular
system of a patient.

The reduced-noise catheter 20 preferably has about 5 to
7 lumens 28. The lumens 28, other than those used to house
the heating-element and temperature-sensor wires 34 and 36,
may be used for any purpose known in the art, for example,
as an inflation lumen in conjunction with a balloon (not
shown) disposed at the distal end 24 of the body portion
22. Catheter model Nos. 139, 746, and 757 available from
the Edwards Critical Care of Irvine, California, which is
a division of Baxter International Incorporated of
Deerfield, Illinois, are examples of multi-lumen catheters
which may be used for the reduced-noise catheter of the
present invention. Further, the catheter 20 may be
configured with any suitable commercially available
temperature sensor or thermistor.

Those skilled in the art will understand that the
preceding exemplary embodiments of the present invention
provide foundation for numerous alternatives and
modifications. These other modifications are also within

the scope of the reduced-noise catheter of the present
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invention. Accordingly, the present invention is not to be

limited to that precisely described and shown above.
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CLAIMS

What is claimed is:

end;

1.

a)

b)

c)

2.

A reduced-noise catheter comprising:

a body portion having a distal end and a proximal

a plurality of lumens formed in the body portion
between the distal end and the proximal end;

a heating element disposed between the distal end
and the proximal end of the body portion;

a temperature sensor disposed between the heating
element and the distal end of the body portion;

heating-element wires connected to the heating
element, extending from the heating element to the
proximal end of the body portion in one of the
lumens for communicating with a control unit,
and for carrying an activation signal from the
control unit to the heating element to activate the
heating element; and

temperature-sensor wires connected to the
temperature sensor, extending in a twisted
configuration from the temperature sensor to the
proximal end of the body portion in one of the
lumens for communicating with a processing unit, and
for carrying a temperature-sensor signal from the
temperature sensor to the processing unit for

processing.

The reduced-noise catheter of claim 1 wherein the

temperature-sensor wires are twisted bifilar wires attached

along a seam.



10

15

20

25

WO 98/14114 PCT/US97/17064

19

3. The reduced-noise catheter of claim 1 wherein the
temperature-sensor wires are separate wires twisted

together.

4. The reduced-noise catheter of claim 1 wherein the
heating-element wires and the temperature-sensor wires

extend to the proximal end in the same lumen.

5. The reduced-noise catheter of claim 1 wherein the
temperature-sensor wires have a pitch of at least about two

revolutions per cm.

6. The reduced-noise catheter of claim 1 wherein the

temperature sensor includes a thermistor.

7. A method of reducing noise in a catheter, the
catheter including a temperature sensor, a heating element,
and a plurality of lumens, the noise being reduced in a
signal from the temperature sensor, the method comprising
the steps of:

twisting temperature-sensor wires connected to the
temperature sensor at least along a portion of the catheter
at which the heating element is disposed, the temperature-
sensor wires being received within one of the lumens of the

catheter.

8. The method of claim wherein the temperature-
sensor wires are twisted along the entire length of the
lumen within which the temperature-sensor wires are

received.



10

15

20

25

30

WO 98/14114 PCT/US97/17064

20

9. The method of claim 7 further comprising the step
of:

positioning the temperature-sensor wires in the same
lumen within which heating-element wires connected to the

heating element are received.

10. A method of measuring cardiac output of a heart

of a patient, the method comprising the steps of:

a) providing the reduced-noise catheter of claim 1;

b) making an incision in a patient which provides
access to the vascular system of the patient;

c) 1inserting the distal end of the body portion of
the reduced-noise catheter through the incision and
into the vascular system;

d) positioning the distal end of the body portion at
a desired location in the vascular system;

e) connecting the heating-element wires to the

control unit;

f) connecting the temperature-sensor wires to the

processing unit;

g) activating the control unit to transmit the
activation signal to the heating element; and

h) activating the processing unit to receive the
temperature-sensor signal from the temperature

sensor.

11. A method for reducing noise involved in
monitoring cardiac functions of a patient, comprising the
steps of:

fabricating a catheter including a heating element, at
least one lumen, and a temperature sensor having at least
one wire attached thereto, said wires being received within
at least one catheter lumen; and

twisting the temperature-sensor wires along a line

substantially parallel to the lumen.
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12. The method of claim 11 wherein the temperature-
sensor wires are twisted along the entire length of the

lumen containing the temperature-sensor wires.

13. The method of claim 11 wherein said fabricating
step further comprises forming at least one wire for the
heating element, wherein heating-element wires are located

in a single lumen.

14. The method of claim 13 wherein the temperature-
sensor wires are located in the same lumen as wires

connected to the heating element.

15. The method of claim 11 wherein the temperature-

sensor wires are bifilar wires twisted along a seam.

16. The method of claim 11 wherein the temperature-

sensor wires are separate wires twisted together.

17. A method of measuring cardiac output of a
patient, comprising:

providing a reduced-noise catheter having a distal
end, a proximal end, a heating element, heating-element
wires, a temperature sensor, temperature-sensor wires, and
at least one 1lumen formed in a body portion of the
catheter, wherein the temperature-sensor wires extend in a
twisted configuration from the temperature sensor to the
proximal end in one lumen;

inserting the distal end of the body portion of the
reduced-noise catheter into the patient's vascular system;

positioning the distal end of the body portion at a
desired location in the vascular system;

activating a control unit receiving the heating-
element wires, thereby transmitting an activation signal to

the heating element; and
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activating a processing unit receiving the
temperature-sensor wires, thereby receiving a temperature-

sensor signal from the temperature sensor.

18. The method of claim 17, wherein the heating-
element wires are disposed between the distal end and the

proximal end.

19. The method of claim 18, wherein the heating-
element wires extend from the heating element to the

proximal end in a lumen.

20. The method of claim 17, wherein the temperature-

sensor wires are bifilar wires twisted along a seam.

21. The method of claim 17, wherein the temperature-

sensor wires are separate wires twisted together.
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