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CARDIAC OUTPUT MEASUREMENT DEVICES
AND METHODS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 60/740,543, filed Nov. 29, 2003,
which is incorporated by reference in its entirety.

BACKGROUND OF THE INVENTIONS
[0002]

[0003] The present inventions relate to devices and meth-
ods for measurement of the cardiovascular system of a
patient. More specifically, the present inventions relate to
devices and methods for measuring cardiac output and, in
some arrangements, measuring other blood parameters.

[0004] 2. Description of the Related Art

[0005] The monitoring of cardiac output is a common
diagnostic technique used to evaluate the heart function and
fitness of a patient. Cardiac output is sometimes defined as
the volume of blood pumped by the heart over a period of
time and is typically expressed in units of liters per minute
(L/min.). Multiple techniques exist to measure or estimate
cardiac output. However, the existing methods suffer from
one or more disadvantages, including lack of precision,
discontinuous or interrupted data collection, high risk of
infection, and significant discomfort and inconvenience to
the patient.

[0006] One method of measuring cardiac output is known
as thermodilution. This method involves producing a tem-
perature change at one point in a blood vessel and measuring
the temperature of the blood at a second point in the vessel.
The measured change in temperature between the first point
and the second point provides an indication of the blood flow
volume through the vessel. In practice, thermodilution
devices and methods have generally been used within a
catheter lodged in a patient’s blood vessel. Such catheters
may include a heating element and a temperature measure-
ment element. A thermodilution catheter is sometimes
advanced through the vessel so that it resides at least
partially in a heart chamber. The catheter is generally
configured to allow blood from the vessel to flow inside of
the catheter (typically by way of openings in the catheter
wall).

[0007] The heating element produces a temperature
change in the blood within the catheter in the vessel. The
temperature change is measured by the temperature sensing
element, usually located in the catheter, at a point in the
blood vessel downstream from the heat producing element.
As used herein, the term “upstream” refers to the direction
from which blood flow originates within a blood vessel, and
“downstream” refers to the direction where blood flow is
going within a blood vessel. The temperature change and the
quantity of heat introduced to the blood are utilized to
determine the blood flow rate within the vessel through a
mathematical relationship.

[0008] Although certain conventional thermodilution
methods can be relatively accurate in some applications and
circumstances, such methods have many shortcomings. For
example, if thermodilution catheters remain within the
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patient for an extended period of time, the risk of infection
becomes significant. It has been estimated that the cost of
treating infections caused by thermodilution catheters can be
many times the combined cost of the catheter and the
implantation procedure. Furthermore, while the thermodi-
lution catheters are in place, the mobility of the patients may
be significantly restricted. In addition, the presence of a
catheter for an extended period of time is likely to be
uncomfortable for the patient because the diameter of the
catheter is typically relatively large in comparison with the
diameter of a blood vessel. The large size of the catheter can
also cause trauma, damage, and other interference within the
vessel by contacting internal issues and impeding blood
flow.

[0009] Another method for determining cardiac output
involves monitoring a patient’s “whole body oxygen con-
sumption.” In this method, a first probe is generally placed
within an artery of the patient and a second probe is placed
within a vein of the patient. The oxygen content of the
arterial blood is compared with the oxygen content of the
venous blood in order to estimate the body’s overall oxygen
consumption. The whole body oxygen consumption esti-
mate is then used to estimate the cardiac output. This method
has many disadvantages as well. The method typically
depends upon several assumptions about the patient’s over-
all body characteristics and also involves averaging several
blood parameters. The body’s oxygen consumption is not a
fixed value, but tends to fluctuate, even if cardiac output
remains constant. Accordingly, the use of whole body oxy-
gen consumption to estimate cardiac output may lead to
undesirable errors and delays in the reporting of cardiac
output events. Although the individual arterial and venous
probes used in this method may be smaller than in the typical
thermodilution method, multiple access points are generally
required in order to collect data from both an artery and a
vein.

SUMMARY OF THE INVENTIONS

[0010] Some embodiments of the present inventions
include a blood measuring component with an energy pro-
ducing element, a temperature sensing element, elongate
electrical leads connected to each of these elements, and one
or more coatings (such as electrical or thermal insulator
coatings) surrounding at least a portion of the elements
and/or leads. A catheter body is generally not required to
support the electrical components or lead wires. As a result,
the cross-sectional dimensions of the portion of the device
inside of the patient can be greatly reduced in comparison to
typical thermodilution catheters. In addition, smaller blood
vessels can be utilized, such as the radial artery, for example.
Furthermore, the risk of infection can be greatly reduced
because the portion of the blood measuring component that
passes through the skin of the patient is generally much
smaller than in a typical thermodilution method. In such an
arrangement, the device can be implanted for relatively long
periods of time with minimized risk of infection and dis-
comfort to the patient. Moreover, the patient’s pain upon
insertion and the discomfort of prolonged usage can be
significantly diminished.

[0011] In some embodiments of a cardiac output measur-
ing device, the blood measurement component or probe
includes an energy producing element and a first pair of lead
wires configured to transmit electric current through the
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energy producing element. The device also can include a
temperature sensing element and a second pair of lead wires
configured to transmit electric current through the tempera-
ture sensing element. At least one coating can be configured
to electrically insulate each wire of the first and second pairs
of lead wires from one another. The coating(s) can provide
electrical insulation of the lead wires, energy producing
element, and/or temperature sensing element. The coating(s)
can also impart a desired degree of stiffness to the blood
measurement component to achieve a particular positioning
or orientation of the component within the blood vessel. The
coatings(s) can also include one or more substances that
produce or enhance antimicrobial or anticoagulant effects.
The first and second pairs of lead wires can be secured in an
elongate bundle.

[0012] In some embodiments, a device for measuring
cardiac output includes a probe connected to a controller
configured to calculate cardiac output utilizing information
regarding a quantity of energy introduced to blood within the
vasculature by the energy producing element and a change
in a temperature of the blood detected by the temperature
sensing element. In some embodiments, a first transceiver is
electrically connected to the energy producing element and
the temperature sensing element. A second transceiver is
electrically connected to the controller. The first transceiver
and the second transceiver communicate with one another
over a wireless connection to transmit control signals and
data signals between the controller and the probe.

[0013] A method of determining a cardiac output of a
patient includes accessing an artery of the patient such as the
radial artery. A probe is positioned within the radial artery
and is used to introduce a quantity of heat to the blood within
the radial artery. The probe is also used to measure a
temperature change within the radial artery. The cardiac
output is calculated by the controller based on the quantity
of heat introduced and the temperature change.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] These and other features, aspects, and advantages
of the present inventions are described below with reference
to drawings of several embodiments, which are intended to
illustrate, but not to limit, the present inventions.

[0015] FIG. 1 illustrates a cardiac output measurement
device introduced into a blood vessel of a patient for
monitoring cardiac output.

[0016] FIG. 2 illustrates a portion of the cardiac output
measurement device positioned within the radial artery of
the patient.

[0017] FIG. 3Ais a schematic illustration of a portion of
a cardiac output measurement device within the radial artery
of the patient.

[0018] FIG. 3B is an enlarged schematic illustration of a
portion of the cardiac output measurement device of FIG.
3A, taken along view line 3B.

[0019] FIG. 4 is an enlarged, partial view of a distal end
portion of a cardiac output measurement device in which the
lead wires are joined by a coating.

[0020] FIG. 5 is a cross-sectional view of a configuration
for lead wires in a cardiac output measurement device, taken
along view line 5-5 in an alternative arrangement of FIG. 4.
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[0021] FIG. 6 is a schematic illustration of another
embodiment of a cardiac output measurement device. The
cardiac output measurement device includes additional com-
ponents, such as sensors, to permit the monitoring of other
blood parameters.

[0022] FIG. 7 is a schematic illustration of another
embodiment of a cardiac output measurement device. The
cardiac output measurement device is configured for wire-
less communication with a controller to provide for
increased freedom of movement for the patient.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0023] FIGS. 1-5 illustrate embodiments of cardiac output
measurement devices. With reference to FIG. 1, the cardiac
output measurement device 10 is configured for use in
monitoring the cardiac output of a patient 12. The device 10
includes a probe 14 connected to a controller 16. The probe
14 is introduced within the vasculature of the patient 12 and
is configured to detect certain parameters of the blood within
the vasculature of the patient 12. Data collected by the probe
14 is communicated to the controller 16, which utilizes the
data to calculate the cardiac output of the patient 12 and/or
other desired physiological parameters of the patient 12.
Furthermore, the controller 16 can be configured to send
control signals to the probe 14, as described in further detail
below.

[0024] The probe 14 is configured to produce a tempera-
ture change to the blood within the vasculature of the patient
12, which generally involves adding heat energy to the
blood. The controller 16 communicates a control signal to
the probe 14, such as an electrical current, to activate the
probe 14 to introduce a quantity of heat in the blood. The
probe 14 also detects the temperature in a localized area in
the blood and communicates this data to the controller 16.
This measured temperature can be used to calculate the
difference between the known temperature in the region in
the blood near the heat-producing element and the region in
the blood near the temperature-sensing element. The con-
troller 16 uses the data supplied by the probe 14 to calculate
the cardiac output of the patient 12 using a mathematical
relationship between cardiac output to the addition of energy
to the blood and the resulting temperature change.

[0025] FIG. 2 illustrates one method of placing the probe
14 within the vasculature of the patient. In the illustrated
arrangement, the probe 14 is introduced into the radial artery
18 of the patient 12 in the region of one of the patient’s
wrists. The radial artery 18 is near the surface of the skin and
thus conveniently accessible for placement of the probe 14.
Many other suitable blood vessels can also be used, includ-
ing arteries and veins, as well as heart chambers, if desired.
For example, in some arrangements, the probe 14 may be
configured for use in the brachial artery or femoral artery.

[0026] The probe 14 can be introduced into the radial
artery 18 through the skin of the patient 12 at an access point
P. In the illustrated arrangement, the probe 14 is advanced
within the artery 18 after insertion in a direction toward the
heart of the patient 12. In other words, the probe 14 is
advanced upstream within the artery 18 in a direction
opposite of the direction of blood flow within the artery 18,
which is indicated by the arrow A in FIGS. 2 and 3. In other
embodiments, the probe 14 can be configured to be
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advanced within the blood vessel in the direction of blood
flow. In such embodiments, the relative positions of energy
producing elements and temperature sensing elements on the
probe 14 can be modified, as explained in greater detail
below.

[0027] FIG. 3A illustrates an end of the probe 14 within
the radial artery 18 of the patient 12. As described above, the
probe 14 preferably includes an energy producing element
20 and an energy sensing element 22. The energy producing
element 20 is configured to introduce a certain amount of
energy into the blood within the artery 18. In some embodi-
ments, the energy producing element 20 is configured to
introduce heat into the artery 18 and includes a heating coil
24, and the energy sensing element 22 is configured to
measure temperature. The probe 14 can be adapted to
introduce other suitable types of energy into the blood.
Furthermore, other suitable types of heat producing devices
may be used.

[0028] In the illustrated arrangement, a pair of lead wires,
26A and 26B respectively, are connected to opposing ends
of the heating coil 24. The lead wires 26 A, 26B can extend
through the artery 18 and outside of the patient 12 at the
access point P. The lead wires 26A, 26B are connected to the
controller 16 by any suitable connection to permit electrical
communication between the heating coil 24 and the con-
troller 16. In some embodiments, the lead wires 26A, 26B
and the heating coil 24 can be constructed of a single wire,
which may be a single filament wire or a multifilament wire.
The lead wires 26A, 26B and heating coil 24 can be
constructed of the same or different materials. Any suitable
material or combination of materials known to those of skill
in the art can be used in the fabrication of the heating coil
24 and lead wires 26A and 26B, such as nickel or platinum,
for example.

[0029] In some embodiments, the temperature sensing
element 22 is a thermistor, or a thermally-sensitive resistor.
The thermistor may be a positive or negative thermistor. The
resistance of a positive thermistor increases with an increase
in temperature and the resistance of a negative thermistor
decreases with an increase in temperature. A thermistor is
desirable for its simplicity. Other suitable temperature sens-
ing devices can also be used.

[0030] The temperature sensing element 22 includes a pair
of lead wires 28A and 28B, which extend from the ther-
mistor 22, through the artery 18, and exit the patient at the
access point P. The lead wires 28A and 28B are connected
to the controller 16 by any suitable connection to permit
electrical communication between the thermistor 22 and the
controller 16. The lead wires 28A and 28B may be com-
prised of any suitable material, or combination of materials,
for transmitting a signal from the thermistor 22 to the
controller 16, such as nickel or platinum, for example. The
lead wires, 26A, 26B, 28A, 28B, either individually or in
pairs, can be coated with electrically and/or thermally insu-
lating material 29.

[0031] As illustrated in FIG. 3A, the energy producing
element 20 is upstream in the blood flow from the tempera-
ture sensing element 22. When the end of the probe 14 is
oriented upstream from the access point P (as illustrated in
FIG. 3A), the energy producing element 20 is located further
from the access point P than the temperature sensing element
22. When the end of the probe 14 is oriented downstream
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from the access point P (not shown), the energy producing
element 20 is located closer to the access point P than the
temperature sensing element 22.

[0032] The probe 14 can include other components (not
shown in FIG. 3A), such as additional heating coils 24 (or
other energy producing devices) and/or additional ther-
mistors 22 (or other temperature sensing devices). For
example, an additional thermistor can be positioned nearer
the heating coil 24 to detect a temperature of the blood near
the heating coil 24. Such data can be used, for example, to
estimate, or to verify, the quantity of heat introduced to the
blood by the heating coil 24.

[0033] Furthermore, in some arrangements, an additional
heating coil may be provided as a “dummy load,” which
would preferably be positioned outside of the blood vessel
18. The dummy load can be connected to at least one of the
lead wires 26A or 26B and can be activated inversely of the
heating coil 24; when the heating coil 24 is on, the dummy
load would be off and vice-versa. As a result, the electrical
current through the lead wires 26A and 26B would be
constant to reduce the opportunity for error in the tempera-
ture measurement caused by heat from the lead wires 26A,
26B affecting the thermistor 22.

[0034] As illustrated in FIGS. 3A and 3B, an introducer 30
may be used to provide access to the radial artery 18. The
introducer 30 can be initially introduced through the wall of
the artery 18 with the assistance of a needle positioned
partially within the interior of the introducer 30 (not shown).
The needle has a sharp tip that extends beyond an end of the
introducer 30 for piercing the wall of the artery 18. The
needle preferably defines an internal passage, which permits
the probe 14 to be passed therethrough and into the artery 18.
The needle can be subsequently withdrawn, and the probe 14
and introducer 30 remain. In the illustrated embodiment, the
introducer 30 is slightly wider than the combined widths of
the coated lead wires 26A, 26B, 28A, 28B. In other embodi-
ments, the introducer 30, or at least the portion thereof
positioned outside of the body during use, can be substan-
tially larger, e.g., at least about 1.5 times, at least about 2
times, at least about 2.5 times, at least about 3 times, at least
about 3.5 times, at least about 4 times, at least about 4.5
times, or at least about 5 times larger, than the combined
widths of the coated lead wires 26A, 26B, 28A, 28B, to
facilitate manually inserting and manipulating the introducer
30 without the need to increase the size of the lead wires.
The introducer 30 can comprise a multiple section, or
peel-away, needle, which is configured for separation into
two or more halves to permit the introducer 30 to be
removed from the probe 14 once the probe 14 has been
inserted into the artery 18. By separating into two or more
halves, the introducer 30 does not have to be sized to pass
over any connectors at the end of the probe 14. However, in
alternative arrangements, other suitable methods of intro-
duction of the probe 14 to the blood vessel 18 may be used.

[0035] With reference to FIGS. 4 and 6, at least a portion,
and preferably a substantial portion of the length of the lead
wires 26A, 268 and 28A, 28B are covered and/or sur-
rounded by a coating 32. The coating 32 can insulate the lead
wires 26A, 268 and 28A, 28B from one another and from
the patient 12. The coating 32 can provide electrical insu-
lation and, in some arrangements, can provide at least some
amount of thermal insulation. Furthermore, the coating 32



US 2007/0167865 Al

can provide some structural support for the lead wires 26A,
26B and 28A, 28B to help keep the ends of the probe 14
located near the central portion of the blood flow and to
maintain a desired spacing and/or orientation between the
heating element 24 and the temperature sensing element 22.
The lead wires 26A, 26B and 28A, 28B can be spaced from
each other as shown in FIG. 4 or 5, or the lead wires 26A,
26B and 28A, 28B can be positioned adjacent to each other,
or in other suitable spacing arrangements. The coating 32
can be constructed from any suitable material selected to
provide the desired properties and/or provide a desired
degree of stiffness or column strength for the probe 14.
Examples of materials that may be suitable in some appli-
cations are various polymers, silicone, epoxy, and/or other
adhesives. In addition, the coating 32 material may also
include materials with therapeutic properties, such as agents
with specialized functions. In one example, the coating 32
may include sodium nitro-prusside, or other materials
designed to avoid clotting, reduce infection risks, and/or
encourage regrowth of damaged tissue.

[0036] In some embodiments, the coating 32 terminates
prior to the thermistor 22, such that the thermistor 22 is
external of the coating 32 and, accordingly, is disposed
directly within the blood of the artery 18 to sense changes in
temperature of the blood. The coating 32 may terminate
prior to the heating coil 24 such that the heating coil 24 is
directly in contact with blood. However, if desired, the
coating 32 may encapsulate the heating coil 24 and/or the
thermistor as illustrated by the dashed lines of FIG. 4. In
such an arrangement, the coating 32 (or at least the portion
of the coating 32 covering the heating coil 24) can permit
heat to be passed from the heating coil 24 through the
coating 32 and to the blood within the artery 18. Such an
arrangement may inhibit clotting of the blood on the heating
coil 24 and/or disruption of the blood flow, for example. The
portion of the coating 32 covering the heating coil 24 can be
constructed of a different material than the remainder of the
coating 32. Furthermore, in certain arrangements, the coat-
ing 32 may include multiple materials or multiple layers in
accordance with the desired properties of the probe 14.

[0037] With reference to FIG. 5, the lead wires 26A, 26B
and 28A, 28B are preferably bundled so as to be relatively
compact in a plane transverse to the longitudinal axis of the
probe 14. As noted above, the coating 32 preferably sur-
rounds all of the lead wires 26A, 268 and 28A, 28B and
separates them from one another. However, preferably there
is no cannula or lumen defined within the probe 14. Accord-
ingly, the radial dimension of the probe 14 is determined
primarily by the diameter of the lead wires 26A, 268 and
28A, 28B (and other components, including additional lead
wires or other elements) and the desired thickness of the
coating 32 (including multiple coating layers). As a result,
the cross-sectional width of the probe 14 preferably is less
than the cross-sectional size of typical thermodilution cath-
eters and, more preferably, only a fraction of the cross-
sectional size of such catheters. For example, in some
embodiments, the individual or combined widths of one or
more of the lead wires 26A, 268, 28A, 28B (with or without
coatings) can be similar in size to a human hair, e.g., less
than about 20y, less than about 50u, less than about 100y,
less than about 200y, or somewhat larger than a human hair,
e.g., less than about 400y, less than about 600y, or less than
about 800u. In the illustrated embodiment, the cross-sec-
tional width of the combined, coated lead wires 26A, 26B,
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28A, 28B is substantially smaller than the diameter of the
radial artery (e.g., about one-tenth the size). Thus, if the
radial artery diameter is about 1.5 mm, then the cross-
sectional width of the combined, coated lead wires 26A,
26B, 28A, 28B is about 150u. In other embodiments, the
proportion of the cross-sectional widths of one or more of
the lead wires 26A, 26B, 28A, 28B (with or without coat-
ings) to the radial artery diameter can be smaller, e.g., less
than about Yo, or larger, e.g., between about %10 and about
Va, less than about V4, between about V4 and about Y5, or less
than about ¥2. As with all quantities provided herein, other
sizes and proportions within and outside of these ranges can
also be used. Preferably, the volume of blood between the
vessel wall and the heating element 24 and/or the tempera-
ture sensing element 22, and any associated coatings, does
not include any other structures associated with the probe 14
to impede or otherwise interfere with blood flow. Accord-
ingly, in many cases, the probe 14 can be implanted with less
discomfort to the patient, reduced risk of infection, less
blood flow turbulence, reduced risk of blockage or clotting
in blood flow, and/or reduced risk of trauma or interference
with the vessel wall and other body structures and/or tissues
(which can be especially desirable if the probe 14 is
advanced to a position near or inside of the heart), in
comparison to conventional thermodilution catheters. These
advantages, either alone or in combination, can permit the
probe 14 to remain within the patient for a much longer
period of time, and hence cardiac output may be continu-
ously monitored with diminished discomfort and without
interruption for a much longer period of time.

[0038] The coating of the probe 14 may take on a number
of suitable arrangements. As illustrated in FI1G. 5, each of the
lead wires 26A, 268 and 28A, 28B may be coated individu-
ally, as indicated by a dashed line in FIG. 5 and labeled with
the reference number 34. The individually coated lead wires
26A, 26B. and 28A, 28B may then be secured to one
another, for example by the coating 32. In such an arrange-
ment, the coating 32 may extend the entire length of the
probe or may be provided intermittently to secure the coated
lead wires 26A, 26B and 28A, 28B together.

[0039] As illustrated in FIG. 5, the probe 14 may take on
a variety of cross-sectional shapes. For example, the shape
may be determined by the general shape of the bundled lead
wires 26A, 26B and 28A, 28B and, thus, may vary with the
number of lead wires present. Such an arrangement of the
coating 32 is illustrated in solid line in FIG. 5. As alterna-
tively illustrated by a dash line, the coating 32 may be
configured to provide the probe 14 with a desired cross-
sectional shape, such as the generally circular shape illus-
trated, regardless of the general shape of the bundled lead
wires 26A, 26B and 28A, 28B. The coating 32 (or coating
34) may be applied to the lead wires 26A, 26B and 28A, 28B
by any suitable method. For example, the coatings 32 or 34
may be applied by dipping, spraying, deposition, extrusion,
shrink-fit or any other suitable process.

[0040] In use, preferably the device 10 is utilized to
monitor the cardiac output of the patient 12. The introduc-
tion needle 30 is used to access the radial artery 18 of the
patient 12. The probe 14 is introduced through the introducer
needle 30 into the radial artery 18. Once the probe 14 is
positioned within the radial artery 18, the introducer needle
30 may be withdrawn and, desirably, separated into two
halves or otherwise removed from the probe 14.
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[0041] The probe 14 may be connected to the controller
16, which is configured to provide operating signals to the
probe 14 and receive data signals from the probe 14. The
controller 16 provides a signal to operate the heat producing
element 20 such that a desired quantity of heat is introduced
to the blood within the radial artery 18. The temperature
sensing element 22 then senses the temperature of the blood
within the radial artery 18 at a point downstream from the
heat producing element 20. The temperature sensing ele-
ment 22 sends a signal corresponding to the temperature to
the controller 16. Using the known heat imparted to the
blood and the resulting drop in temperature at the point
downstream from the heat producing element 20, the con-
troller 16 uses an appropriate algorithm to determine the
cardiac output, or volume flow of blood per unit of time.

[0042] Due to the relatively small cross-sectional dimen-
sion of the probe 14, in some embodiments, the probe 14
may be left in place within the radial artery 18 for an
extended period of time to permit continuous monitoring of
the cardiac output of the patient 12 without significant
patient discomfort or risk of infection. This represents a
significant improvement over the thermodilution catheters
of the prior art, which tend to have significant discomfort
and costs associated with related infection rates and limited
mobility of the patient.

[0043] FIG. 6 illustrates another embodiment of a probe
and is referred to by the reference numeral 14'. The probe 14'
is similar in some respects to the probe 14 and, therefore,
like reference numerals are used to denote like components,
with the exception that a prime (') is added. The probe 14'
also includes an energy producing element 20' and a tem-
perature sensing element 22'. The probe 14' also includes
additional components or sensors that may be used to
monitor other physiological parameters of the patient 12.
One such sensor can be a blood gas sensor 40, which can be
configured to monitor one or more of common blood gas
values, such as oxygen saturation, partial oxygen, partial
carbon dioxide and bicarbonate. Although illustrated as a
single sensor, the illustrated sensor 40 may be comprised of
multiple sensors. The controller 16' (not shown) may be
configured to receive data from the blood gas sensor 40 and,
preferably, compute both directly measured values and those
values that are calculated from the directly measured values.

[0044] Inonearrangement, the device 10' may include one
or more fiber optic probes 41 (one shown) to measure
additional blood parameters, such as venous partial O,, for
example. In such an arrangement, the fiber optic probe 41
may also provide some degree of stiffness, or column
strength, to the probe 14'. Accordingly, the coating 32' may
be provided largely for an insulation function such that the
thickness may be minimized. Furthermore, additional sen-
sors 42 may also be provided to detect other physiological
variables of the blood, such as the blood PH level for
example.

[0045] FIG. 7 illustrates another embodiment of a probe
and is indicated by the reference numeral 14". The device
10" of FIG. 7 is similar in some respects to the device 10 of
FIGS. 1-5 and, accordingly, like reference numerals indicate
like components, with the exception that a double prime (")
is added. In the device 10", a transceiver 50 is electrically
connected to the probe 14" and is configured to communi-
cate with a transceiver 52 of the controller 16". Preferably,
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the transceiver 50 and transceiver 52 communicate over a
wireless connection, which may follow a suitable commu-
nication protocol, such as a Bluetooth communication pro-
tocol, for example. However, other suitable types of wireless
communication may also be used.

[0046] With such a system, control and data signals may
be communicated between the probe 14" and the controller
16", through the transceivers 50, 52, such that the device 10"
may operate substantially as described above. Advanta-
geously, the device 10" generally affords the patient 12 more
mobility relative to the controller 16" for increased comfort
and convenience. As will be appreciated, either of the
transceivers 50, 52 may be replaced by a transmitter or
receiver, as appropriate, if only one-way communication is
necessary or desired. Furthermore, in some arrangements,
operational functions of the controller 16" and probe 14"
may be otherwise separated, or performed by additional
system components, as may be desirable.

[0047] Although this invention has been disclosed in the
context of certain preferred embodiments and examples, it
will be understood by those skilled in the art that the present
invention extends beyond the specifically disclosed embodi-
ments to other alternative embodiments and/or uses of the
invention and obvious modification and equivalents thereof.
In particular, while the present cardiac output monitoring
device and method have been described in the context of
particularly preferred embodiments, the skilled artisan will
appreciate, in view of the present disclosure, that certain
advantages, features and aspects of the system may be
realized in a variety of other applications, many of which
have been noted above. Additionally, it is contemplated that
various aspects and features of the invention described can
be practiced separately, combined together, or substituted
for one another, and that a variety of combinations and
subcombinations of the features and aspects can be made
and still fall within the scope of the invention. Thus, it is
intended that the scope of the present invention herein
disclosed should not be limited by the particular disclosed
embodiments described above, but should be determined
only by a fair reading of the claims.

1. A cardiac output measurement device, comprising:
an energy producing element;

a first pair of lead wires configured to transmit electric
current to said energy producing element;

a temperature sensing element;

a second pair of lead wires configured to transmit electric
current to said temperature sensing element; and

at least one insulation layer configured to electrically
insulate each wire of said first and second pairs of lead
wires from one another;

wherein said first and second pairs of lead wires are
secured in an elongate bundle, said at least one insu-
lation layer provides sufficient structural support to said
first and second pairs of lead wires to permit said device
to be positioned within vasculature of a patient, and a
cross-sectional width of said bundle is less than about
800p.

2. The device of claim 1, wherein said energy producing

element comprises a heating element.
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3. The device of claim 2, wherein said heating element
comptises a heating coil.

4. The device of claim 1, wherein said temperature
sensing element comprises a thermistor.

5. The device of claim 1, wherein said energy producing
element is positioned distally of said temperature sensing
element on said device.
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6. The device of claim 1, wherein said energy producing
element is exposed from said at least one insulation layer.

7. The device of claim 1, wherein said at least one
insulation layer comprises an insulation layer for each wire
of the first and second pair of lead wires.
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