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DESCRIPTION

TITLE: Thermo-Dilution Cardiac Output Measurement Simulator

TECHNICAL FIELD
The present invention relates to the field of hemodynamic monitoring in humans

and animals, specifically the simulation of thermo-dilution cardiac output measurement.

BACKGROUND ART

Cardiac output may be measured using a thermo-dilution technique where a fluid,
such as chilled water may be injected into the blood stream and the measured temperature
decay rate, i.c., the warming in the local area of injection over time, is used to indicate or
infer cardiac volumetric output. The injectate temperature and volume provide an initial
condition for a process of a homeothermic organism that may be simulated. That is, as
the temperature of the blood fluid proximate to the injection point rises over a period of
time toward the expected homeothermic level, one may infer the blood volume flow

causing the measured temperature increase.

FIG. 1 illustrates a setup or system for measuring cardiac output using a thermo-
dilution technique. A catheter 100 is inserted into an artery 101 of a human patient’s
flesh 102, e.g., into an artery of a person’s upper arm. At the distal end of the catheter or
a lumen within, or extending from, the catheter is shown with a thermistor 103 for
measuring blood temperature. To initiate a thermo-dilution cardiac output measurement
process, cold fluid is injected into the artery through the catheter via a syringe 104. The
temperature of the injected fluid is measured by an injectate temperature thermistor 105.
Both the blood temperature thermistor and the injectate temperature thermistor make
electrical connections to a cardiac output computer 106 via electrical connectors 107, 108
and cables 127, 128. A cardiac output computer 106 may include a central processing

unit (CPU), addressable memory, a display 109, and an input panel 110.
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For training and testing purposes it is often useful to simulate a cardiac output
measurement and provide a display of a representative value of cardiac output.
Simulators may simulate both the blood temperature and injectate temperature
thermistors. The thermistors 103 used for blood temperature sensing in FIG. 1 typically
have standard electrical properties and typically use a standard electrical connection 107,
however the thermistors used for injectate temperature sensing may not have standard
electrical properties and/or may not use a standard connection. Accordingly, cardiac
output simulators generally may be in electrical communication via vendor-specific
adapter cables which comprise one or more vendor-specific fixed resistance values to
simulate injectate temperature and the vendor- specific injectate temperature connector.

The vendor-specific adapter cables are typically relatively expensive and bulky.

DISCLOSURE OF INVENTION

The present invention includes machine-enabled methods of, and devices and
systems for, simulating thermo-dilution cardiac output measurement based on ambient
room temperature measurements via the injectate temperature sensor. An exemplary
machine-enabled method comprises: (a) measuring ambient room temperature; (b)
determining a cardiac output estimate coefficient correction based on the measured
ambient room temperature as a simulated injectate temperature; (c) determining a cardiac
output estimate based on the determined cardiac output estimate coefficient correction;
and (d) outputting the determined cardiac output estimate as a simulated thermo-dilution
cardiac output measurement. Some embodiments of the machine-enabled method may
have a step of determining the cardiac output estimate coefficient correction that is

further based on a simulated blood temperature and a nominal injectate volume.

Device and system embodiments of the present invention include a thermo-
dilution cardiac output measurement simulator comprising: a central processing unit and
addressable memory, where the central processing unit may be configured to: (a) receive
a measurement of ambient room temperature; (b) determine a cardiac output estimate

coefficient correction based on the measured ambient room temperature as a simulated
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injectate temperature; (¢) determine a cardiac output estimate based on the determined
cardiac output estimate coefficient correction; and (d) output the determined cardiac
output estimate as a simulated thermo-dilution cardiac output measurement. Some
embodiments of the thermo-dilution cardiac output measurement simulator may have a
central processing unit that is further configured to determine the cardiac output estimate
coefficient correction based on a simulated blood temperature and a nominal injectate

volume.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the present invention are illustrated by way of example and not
limitation in the figures of the accompanying drawings, and in which:

FIG. 1 is prior art system for measuring cardiac output using a thermo-dilution
technique;

FIG. 2 is a functional diagram of a system/device embodiment of the present
invention; and

FIG. 3 is a flowchart of a process embodiment of the present invention.

BEST MODES FOR CARRYING OUT THE INVENTION

A cardiac output estimate may be determined by referencing the time profile of a
temporary drop in blood stream temperature caused by the introduction of colder injectate
into the blood stream. The method of cardiac output value determination or estimation

may be based on the Stewart-Hamilton formula. For example, for cardiac output (C.O.):

C.O=V;* (T, T) *K/[JATd 1] ;

where, in the above equation, the volume of the injection is represented by Vj, the

blood temperature is represented by Ty, the injectate temperature is represented by Tj, the

change in blood temperature over time is represented by A T, time is represented by t,

and a correlation factor is represented by K.
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The method of cardiac output value determination or estimation may be further
based on a computation coefficient, CC, which may be applied, for example as a gain or
multiplier to K, in order to correct the determined or estimated cardiac output for factors;
factors such as specific thermistor characteristics, particularly addressing characteristics
of a thermistor disposed in the tip or proximate to the distal tip of the catheter and factors

such as varying injectate volumes.

FIG. 2 shows an embodiment of the present invention 200 using typical cables. A
cardiac output simulator embodiment of the present invention is configured to electrically
interface with an electrical connector 107. The exemplary cardiac output simulator also
includes a central processing unit, ¢.g., a microprocessor, addressable memory and a user
interface 204. The cardiac output computer 206, in this example, is connected directly to
the cardiac output simulator 201 embodiment of the present invention via a typical blood
temperature thermistor cable 127 and connector 107. The cardiac output computer 206 is
also connected, in this example, to a typical injectate temperature sensor, ¢.g., thermistor
105 via a typical cable 128 and connector 108. Some embodiments of the cardiac output
computer 206, particularly those not including a touch screen display, may further

comprise a tactile interface 210 comprised of buttons and/or switches.

The main body of an exemplary cardiac output simulator 201 of the present
invention generally comprises an electronically variable resistance that is typically under
microprocessor control for simulating the standard blood temperature thermistor’s curve
during an injection cycle, as well as the standard blood temperature thermistor interface
connector, and also comprises a user interface which allows for simulated injections to be
initiated and for simulated cardiac output values to be selected. The cardiac output
computer 206 may be configured to receive and process, as measurements of injectate
temperature, the electrical signals from the injectate temperature thermistor 105 via an
electrical connector 108 and cable 128 and to receive and process, as measurements of
blood temperature, the electrical signals from the catheter-borne thermistor 103 via an
electrical connector 107 and a cable 127. An LED or LCD display or other display 209

may be used as a portion of a user interface, a graphic user interface, or as a means for
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displaying blood temperature and injectate temperature to a user. In addition, the cardiac
output computer processor may be configured to determine a value representative of
cardiac output and that value may be displayed as a volume rate of blood flow, ¢.g., in
liters per minute. Some embodiments of the cardiac output computer 106, particularly
those embodiments not including a touch screen display, may further comprise a tactile

interface 110 comprised of buttons and/or switches.

The exemplary cardiac output simulator 201 comprises an electronically variable
resistance under microprocessor control for simulating the standard blood temperature
thermistor’s output curve over time, i.e., during the time interval of an injection cycle, as
well as, the standard blood temperature thermistor interface connector 107, and further
comprises a user interface 204 which allows simulated injections to be initiated and
simulated cardiac output values to be selected. The processor of the cardiac output
computer 206 may be configured to fetch or input a corrected computation coefficient
based on the ambient or room temperature measured by the typical injectate thermistor
105. In some embodiments, the computation coefficient (CC) may be generated by the
processing at the cardiac output computer or via the processing at the cardiac output
simulator 201. That is, the computer processor of the device may be configured to
generate a CC for use in a cardiac output determination and the generated CC may be

inversely based on the measured injectate temperature, T;, for example, CC =6/(37.0-T;).

In an exemplary method of use of the exemplary embodiment of the present
invention, the normal injectate temperature thermistor 105 is disposed to measure room
temperature. The processor of the cardiac output simulator 201 may be further configured
to determine the correction coefficient (CC) value based on the measured injectate
temperature. In another embodiment, the processor of the cardiac output simulator 201 is
configured to fetch or input the value of the displayed injectate temperature via a user
interface 204 and output, e.g., via a display, a derived correction coefficient to be input
into the cardiac output computer 206 via a communication link or by the user. In another
embodiment, the processor of the cardiac output simulator 201 may be further configured

to determine the correction coefficient (CC) value based on the measured injectate
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temperature. In another embodiment, the measurement of the injectate temperature
thermistor 105 may be displayed to a user via the display 209 of the cardiac output
computer 206. A user may read the displayed injectate temperature and either perform a
calculation or draw the value from a reference table 205 of pre-calculated values
representative of appropriate correction coefficients presented as a function of the
displayed injectate temperature. In another embodiment, the processor of the cardiac
output simulator 201 is configured to fetch or input the value of the displayed injectate
temperature via a user interface 204 and output, e.g., via a display, a derived correction
coefficient to be input into the cardiac output computer 206 via a communication link or
by the user. In another embodiment, the processor of the cardiac output simulator 201
may be further configured to determine the correction coefficient (CC) value based on the

measured injectate temperature.

In some embodiments, the CC is generated by the processing at the cardiac
output computer or via the processing at the cardiac output simulator 201. For example,
once the ambient temperature is measured and processed as the injectate temperature, Tj,
a CC may be determined, ¢.g., CC =6/(37.0-T;), and the CC may be applied in
determining an estimate of the cardiac output for simulation purposes. Accordingly, the
cardiac output computer 206 processing, or the cardiac output simulator 201 processing,
may be configured to output a value for cardiac output based on a modified Stewart-

Hamilton formula incorporating the CC. For example,

Cardiac Output (C.0.): C.O=CC* V;*(T, T)) * K/[JA Td t].

In another exemplary embodiment, the simulated blood temperature thermistor
curve is applied such that with an injectate temperature of 25.0 degrees C, a computation
coefficient, CC, of 0.500 will produce cardiac output calculations on the cardiac output

computer 206 which match the selected value of the simulator.
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For some exemplary embodiments, associated documentation may generally
instruct a user of the simulator to enter a single specific calculation coefficient into the
cardiac output computer and in particular may include a table that represents the equation
CC =6/(37.0-T;), where CC is the computation coefficient to be entered into the cardiac
output computer 206, and Tj is the value of the room temperature read via the cardiac
output computer’s injectate temperature sensor 105, in degrees C (in this example). In
some embodiments, the table of computation coefficients 205, i.e., CC based on ambient
injectate temperature, that may be printed on the device may be replaced by a similar
table printed in a manual, a formula printed on the device or in the manual, or a function
of the cardiac output simulator 201 which calculates and displays the computation
coefficient on an electronic display based on a user input of injectate temperature or by

the cardiac output computer 206.

A method embodiment of simulating thermo-dilution cardiac output measurement
may include: (a) attaching the blood temperature port of a cardiac output computer to a
thermo-dilution blood temperature simulator; (b) attaching the injectate temperature port
of said cardiac output computer to a thermistor; (c) reading the indicated injectate
temperature value from said cardiac output computer; (d) determing a corrected cardiac
output calculation coefficient based on the indicated injectate temperature, (¢) if the
determing of the corrected cardiac output calculation coefficient was not done by the
cardiac output computer, then entering into, or communicating the corrected cardiac
output calculation coefficient to, the cardiac output computer; and (f) initiating a thermo-
dilution blood temperature simulation on said thermo-dilution blood temperature
simulator. The method may have the corrected cardiac output calculation coefficient
determined according to CC=6(37-T;) where CC is the corrected cardiac output
calculation coefficient and T; is the injectate temperature in Celsius. The method may
have the calculation facilitated by a table of corrected cardiac output coefficient values,
indexed by injectate temperature values which may be printed on the thermo-dilution
blood temperature simulator. In some embodiments, the method may have the calculation

facilitated by a table of corrected cardiac output coefficient values, indexed by injectated
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temperature values, which may be printed in the user manual of the thermo-dilution blood

temperature simulator.

In other embodiments, the method may be facilated by electronic functions of the
thermo-dilution blood temperature simulator by which a user may input the injectate
temperature and where the blood temperature simulator electronically calculates and
displays the corrected cardiac output coefficient value. In some embodiments, the
corrected cardiac output calculation coefficient may be determined according to
CC=K,(K;-Ti) where CC is the corrected cardiac output calculation coefficient, T; is the
injectate temperature, K; is the simulated blood temperature, and K, is given by K= (K;-
nominal injectate temperature)/nominal CC value, where the nominal injectate
temperature is the central, typical, or usual value for the injectate temperature value, and
where the nominal CC value is an expected or convenient value for the cardiac output

coefficient value.

FIG. 3 illustrates in a top level block diagram process steps 300 of a device,
machine or system embodiment of the present invention. The ambient room temperature
is measured (step 310). A cardiac output estimate CC is determined (step 320) based on
the measured room temperature, for example, via the injectate temperature sensor. A
cardiac output estimate is determined (step 330) based on the CC. The determined cardiac
output estimate is output (step 340) via a display, print out, or combinations thereof. As
an option (block 350), the step of determining the cardiac output CC (step 320) may be

based on simulated blood temperature and a nominal injectate volume.

Many alterations and modifications may be made by those having ordinary skill in
the art without departing from the spirit and scope of the invention. Therefore, it must be
understood that the illustrated embodiments have been set forth only for the purposes of
example and that it should not be taken as limiting the invention as defined by the

following claims.
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CLAIMS: WHAT IS CLAIMED IS:
1. A thermo-dilution cardiac output measurement simulator comprising;:
a central processing unit and addressable memory;
wherein the central processing unit is configured to:
receive a measurement of ambient room temperature;
determine a cardiac output estimate coefficient correction based on the measured
ambient room temperature as a simulated injectate temperature;
determine a cardiac output estimate based on the determined cardiac output
estimate coefficient correction; and
output the determined cardiac output estimate as a simulated thermo-dilution

cardiac output measurement.

2. The thermo-dilution cardiac output measurement simulator of claim 1 wherein the
central processing unit is further configured to determine the cardiac output estimate
coefficient correction based on a simulated blood temperature and a nominal injectate

volume.

3. A machine-enabled method of simulating thermo-dilution cardiac output measurement
comprising:
measuring ambient room temperature;
determining a cardiac output estimate coefficient correction based on the measured
ambient room temperature as a simulated injectate temperature;
determining a cardiac output estimate based on the determined cardiac output
estimate coefficient correction; and
outputting the determined cardiac output estimate as a simulated thermo-dilution

cardiac output measurement.

4. The machine-enabled method of claim 3 wherein the step of determining the cardiac
output estimate coefficient correction is further based on a simulated blood temperature

and a nominal injectate volume.
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