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APPARATUS, COMPUTER SYSTEM AND
COMPUTER PROGRAM FOR DETERMINING
CARDIO-VASCULAR PARAMETERS

FIELD OF THE INVENTION

[0001] The present invention relates to an apparatus, a
computer system a computer program, an extravascular
temperature sensor device and an extravascular heat transfer
device for determining parameters of a patient by thermodi-
lution measurements.

BACKGROUND OF THE INVENTION

[0002] The current state of the art in implementing
transpulmonary thermodilution measurement are apparatus
for injecting a bolus of thermal indicator into a patient’s
vena cava superior, and measuring the temperature response
at a place of the patient’s systemic circulation, e.g. patient’s
femoral artery to determine the thermodilution curve, i.e. the
temperature response as a function of time. From the ther-
modilution curve, a schematic example of which is illus-
trated in FIG. 3, wherein the abscissa (time axis) 1 is linear
and the ordinate (temperature difference axis) 2 is logarith-
mic, various cardiovascular parameters can be derived by
using computer systems running computer programs, which
implement parameter calculations as disclosed in WO
93/21823, the contents of which are included herein by
citation, and as set forth briefly below.

[0003] The Cardiac Output CO can be determined by
algorithms based on the Stewart-Hamilton-equation:

Vi (Tg —T KK
coo YiTs LK K
JENVIGER

where Ty, is the initial blood temperature, T; is the tempera-
ture of the liquid bolus, which is used as thermal indicator,
V.. is the thermal indicator volume, K, and K, are constants
to consider the specific measurement setup, and ATy(t) is the
blood temperature as a function of time with respect to the
baseline blood temperature Ty. Thermal indicator can either
be colder or warmer with respect to blood temperature. To
obtain cardiac output, the area under the thermodilution
curve has to be determined by mathematical integration.

[0004] Other parameters that can be derived from the
thermodilution curve 3 as schematically illustrated in FIG. 3
include the Exponential Decay or Downslope Time DST, i.e.
the time the blood temperature difference ATy(t) takes to
drop by the factor 1/e, the Appearance Time AT, i.e. the time
span between bolus injection IT and first appearance of a
noticable temperature difference AT (t) and the Mean Tran-
sit Time MTT.

[0005] Transpulmonary thermodilution has been shown to
be a reliable technique for assessing cardiac output (CO),
cardiac preload and extravascular lung water (EV; W), i.e.
to quantify pulmonary edema.

[0006] Measuring the temperature response at a place of
the patient’s systemic circulation, e.g. patient’s femoral
artery, to determine the thermodilution curve, i.e. the tem-
perature response as a function of time, has been made in the
prior art by an invasive measurement. This means that a
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catheter must be advanced into the femoral artery which
is—due to the blood pressure inside the artery—a time
consuming and cumbersome procedure which is not without
risk for the patient.

[0007] US 2003/0130587 Al discloses a non-invasive
method of cardiac output measurement through assessment
of a skin thermal response. By warming of a previously
cooled digital thermometer placed on patient’s wrist the
blood flow velocity within the arteria radialis can be calcu-
lated. However, the blood flow velocity in the arteria radialis
allows only a very rough approximation of the cardiac
output. Particularly, any anomalies in the arteria radialis
would result in a completely wrong approximation of car-
diac output.

SUMMARY OF THE INVENTION

[0008] Tt is therefore an object of the present invention to
provide a new apparatus, a new computer system and a new
computer program a new extravascular temperature sensor
device and a new extravascular heat transfer device allowing
the determination of cardiovascular parameters such as
cardiac output by transpulmonary thermodilution which
allows a patient-friendly, quick and riskless determination of
the arterial thermodilution curve and still allows the deter-
mination of cardiac output and other parameters with an
adequate accuracy and reliability at least for a preliminary
estimate.

[0009] Tt has been found that using a non-invasive ther-
mometer, which may be pressed on patient’s skin over the,
for example, arteria radialis or the arteria femoralis or any
other artery which is close to the skin, such as the arteria
carotis, provides the thermodilution curve with adequate
accuracy so that the cardiac output can be reliably deter-
mined from the thermodilution curve according to the Stew-
art-Hamilton-equation as explained above.

[0010] Inorderto accomplish the above mentioned object,
the invention provides an apparatus for determining at least
one cardiovascular parameter of a patient by thermodilution
measurements comprising: temperature influencing means
for provoking an initial local temperature change in the
proximity of a first place of a patient’s vascular system thus
introducing a travelling temperature deviation to patient’s
blood stream, an extravascular temperature sensor device for
measuring the local temperature of patient’s blood at a
second place of patient’s vascular system downstream of
said first place and a computer system coupled to said
temperature sensor device for recording said patient’s local
blood temperature measured at said second place as a
function of time to determine a thermodilution curve.

[0011] Inorder to accomplish the above mentioned object,
the invention provides also a computer system comprising
first coupling means to couple said computer system to
temperature influencing means and second coupling means
to connect said computer system to an extravascular tem-
perature sensor device and accessing means to acces execut-
able instructions to cause said computer system to control
temperature influencing means connected to said computer
system to provoke an initial local temperature change in the
proximity of a first place of a patient’s vascular system, thus
introducing a travelling temperature deviation to patient’s
blood stream, to record said patient’s local blood tempera-
ture measured by a temperature sensor device at a second
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place of patient’s vascular system downstream of said first
place as a function of time to determine a thermodilution
curve.

[0012] In order to accomplish the above mentioned object,
the invention further provides a computer program and a
storage medium having physically stored thereon the com-
puter program for determining a cardiovascular parameter of
a patient by thermodilution measurements comprising
instructions executable by a computer system to cause said
computer system to control temperature.influencing means
coupled to said computer system to provoke an initial local
temperature change in the proximity of a first place of a
patient’s vascular system, thus introducing a travelling tem-
perature deviation to patient’s blood stream, and to record
said patient’s local blood temperature measured by an
extravascular temperature sensor device at a second place of
patient’s vascular system downstream of said first place as
a function of time to determine a thermodilution curve.

[0013] Inorderto accomplish the above mentioned object,
the invention further provides an extravascular subcutane-
ous temperature sensor device and an extravascular subcu-
taneous heat transfer device.

[0014] Further advantageous embodiments are described
in the subclaims.

[0015] The accompanying drawings serve for a better
understanding of the above and other features of the present
invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1 shows a schematic sketch of both a patient’s
vascular system and a preferred embodiment of an apparatus
according to the present invention.

[0017] FIG. 2 shows a block diagram illustrating the
general hardware structure of an embodiment of a computer
system according to the present invention being part of the
apparatus sketched in FIG. 1.

[0018] FIG. 3 shows a schematic example of a Thermodi-
lution Curve in a diagram with the blood temperature
difference as a function of time, wherein the abscissa is
linear and the ordinate is logarithmic.

[0019] FIG. 4 shows a schematic example of a subcuta-
neous extravascular temperature sensor device.

[0020] FIG. 5 shows the subcutaneous extravascualar tem-
perature sensor device after having been pierced through
patient’s skin.

[0021] FIG. 6 shows the subcutaneous extravascular tem-
perature sensor device after having been pierced through
patient’s skin and secured with a self-adhesive strip.

[0022] FIG. 7 shows a transcutaneous heat transfer device
for transcutaneous heat transfer.

[0023] FIG. 8 shows a subcutaneous extravascular heat
transfer device.

[0024] FIG. 9 shows a schematic sketch of both a patient’s
vascular system and a preferred embodiment of an apparatus
adapted provide data for carrying out a system calibration,

[0025] FIG. 10 shows a schematic sketch of both a
patient’s vascular system and a preferred embodiment of an
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apparatus adapted carry out a system calibration by means of
the data provided as shown in FIG. 9.

DETAILED DESCRIPTION

[0026] FIG. 1 illustrates the main components necessary
to implement an embodiment of an apparatus according to
the invention and schematically shows the first and second
places 101, 102 of a patient’s vascular system 103, where the
apparatus interacts with the patient’s vascular system 103. A
computer system 104, the general hardware structure of
which is schematically illustrated in FIG. 2, is connected via
port 201 with a medical dosage device 105 serving together
with a catheter 106 as an injection means 107 to inject at the
first place 101, e.g. into patient’s vena cava superior, a bolus,
e.g. 10 ml, or, as a guideline, 0.15 ml/kg patient’s body
mass. The bolus serving as a thermal indicator liquid is
substantially warmer or colder than patient’s blood tempera-
ture. As a result, a travelling temperature deviation is
introduced to the patient’s vascular system 103, where it
continuously changes according to boundary conditions.
The travelling temperature deviation passes right atrium and
right ventricle 109 of patient’s heart 110 to enter the pul-
monary circulation 111. The travelling temperature devia-
tion passes the left atrium 113 and the left ventricle 114 of
patient’s heart to enter through the aorta 115 the systemic
circulation. When the travelling temperature deviation
reaches the second place 102, for example patient’s arteria
radialis or any other artery which is close to the skin, such
as the arteria femoralis or arteria carotis, where the patient’s
blood temperature is continuously measured by an extravas-
cular sensor device 117, which is connected to the computer
system 104 via port 202, the travelling temperature devia-
tion is recorded by the computer system 104 as Thermodi-
lution Curve 15, i.e. temperature measured at the second
place 102 as function of time. From this Thermodilution
Curve 15 the computer system 104 calculates the cardiac
output according to the Stewart-Hamilton-equation as
explained above. Other parameters, such as mean transit
time and down-slope time may be calculated if required.

[0027] The non-invasive transcutaneous temperature sen-
sor device 117 is pressed against patient’s skin to bring it as
close as possible to an artery such as the arteria radialis or
arteria femoralis or any other artery of similar size which is
close to the skin, such as the arteria carotis, for instance. The
temperature and in particular the change of the temperature
during the course of time is measured whereby use is made
of thermal conduction or infrared radiation. In the first case
the non-invasive thermometer includes a semiconductor
thermoelement, whereas in the second case a bolometer
which determines the temperature from infrared radiation
may be used.

[0028] Ifthe examination shows that the cardiac output is
not in a range that can be regarded to be entirely safe, the
doctor may arrange for a further CO-determination with a
conventional invasive sensor device. The computer program
according to a particular advantageous embodiment of the
invention provides for this purpose that a warning signal is
generated indicating that cardiac output is below a certain
threshold and the determination of the cardiac output should
be repeated using a conventional invasive temperature sen-
sor device. In this way CO-determination under invasive
temperature measurement is restricted to critical cases only,
and invasive temperature measurement can be avoided for
many patients.
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[0029] FIG. 2 illustrates the general hardware structure of
an embodiment of a computer system 104 according to the
invention, suitable to be part of the apparatus shown in
Fig.1. Via ports 201, 202 which belong to an input/output
subsystem, the computer system 104 is connectable to
temperature influencing means 107 and an extravascular
temperature sensor device 117, respectively. The input/
output subsystem is controlled by a central processing unit
(CPU) 204, which communicates via a data and adress bus
205 with the other components of the computer system 104,
which include a timer 206 providing timer clock signals to
the CPU 204, a system memory (ROM) 207, in which the
system software is permanently stored, a data and instruc-
tions memory (RAM) 208, where both executable instruc-
tions and various data including temperature readings for
thermodilution curves readings can be stored, an input
device controller 209 controlling an input device 210, such
as a keypad, a touch screen or the like, for manually entering
system parameters, operation settings and the like, a disc
subsystem 211 to read data or program instructions from a
storage medium 212, such as a hard disc, floppy disc,
compact disc, optical disc or the like, and to store data to the
storage medium 212, and a display subsystem 213 control-
ling a display 214 to display relevant information, such as a
Thermodilution Curve or cardiovascular parameters deter-
mined by the computer system 104.

[0030] The above described apparatus is adapted to deter-
mine MTT, DST, CO from the thermodilution curve.

[0031] Instead of pressing the transcutaneous sensor
device 117—as shown in FIG. 1—against patient’s outer
skin, a subcutaneous extravascular sensor device may be
used as described below.

[0032] FIG. 4 illustrates an example of a subcutaneous
extravascular temperature sensor device 401 which com-
prises a thermal contact portion 404 adapted to be advanced
under the patient’s skin to get into heat transfer contact with
a blood vessel. The temperature sensor device 401 has the
overall form of an epidermic needle which is partially
covered with a coating 403. The temperature sensor device
401 comprises a thermal contact portion 404. A thermom-
eter, such as a thermistor or a bolometer is located on the
temperature sensor device 401 and constitutes the contact
portion 404 (hatched area). The coating 403 is provided with
several cut lines so as to form flaps 4054, 40556 and 405c.
The flaps 405 have been folded back from the contact
portion 404, so that the contact portion 404 is exposed. The
temperature sensor device 401 has a sharp tip 406 which
allows to pierce it through patient’s skin. The subcutaneous
extravascular sensor device 401 is coupled via a pair of
wires 408 to the port 202 of computer system 104 of FIG.
1. The procedure of carrying out the measurement is the
same as described with reference to FIG. 1 before, except
that the temperature at the second place is measured with
device 401 instead of device 117 so a repetition of the
description may be avoided by refering to FIG. 1 and the
description pertaining to it.

[0033] FIG. 5 shows the temperature sensor device 401
pierced twice through patient’s skin 501. As can be taken
from FIG. 5, the thermal contact portion 404 is in close
contact with an artery 407, such as the arteria radialis,
femoralis, carotis or any other artery which is close to the
skin. As shown in FIG. 5 the flaps 405 prevent the tempera-
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ture sensor device 401 from being drawn back. Furthermore,
the flaps 405 allow the temperature sensor device 401 to be
kept in a well defined position with respect to the pierce hole
in the skin 501. An adhesive tape 601 may further secure the
temperature sensor device 401 within patient’s skin 501 as
shown in FIG. 6.

[0034] While the temperature influencing means 107 for
provoking an initial local temperature change in the prox-
imity of a first place 101 of a patient’s vascular system have
been described with respect to the embodiment of FIG. 1 as
amedical dosage device 105 serving together with a catheter
106 as an injection means 107, the temperature influencing
means can be replaced with a transcutaneous heat transfer
device 701 as illustrated in FIG. 7.

[0035] The heat transfer device 701 as shown in FIG. 7 is
a metallic stick comprising a handle bar 702 and a heat
transfer tip 703. The handle bar has an isolating coating 704.
For carrying out the thermodilution measurements the heat
transfer device 701 is cooled down to a definite temperature
and then brought into transcutaneous heat transfer contact
with a large vein, such as the vena cava superior or other
similar vein, by pressing the tip for a short moment against
the said blood vessel. Thereby heat is drawn out of the blood
vessel and is absorbed by the heat transfer device 701. As a
consequence a travelling temperature deviation is intro-
duced into the patient’s vascular system 103 (FIG. 1) which
allows to carry out thermodilution measurements as already
described with respect to the embodiment of FIG. 1.

[0036] According to an alternative embodiment of the
invention the temperature influencing means 107 may be
realized by a subcutaneous extravascular heat transfer
device 801 as illustrated in FIG. 8. The overall structure of
the subcutaneous extravascular heat transfer device 801 is
very similar to the structure of temperature sensor device
401 as described with reference to FIGS. 4 to 6. However,
instead of a thermometer the heat transfer device as illus-
trated in FIG. 8 is provided with a Peltier-device, which
constitutes a thermal contact portion 804. Also the handling
of the subcutaneous extravascular heat transfer device 801 is
the same as described with reference to FIGS. 4 to 6, with
the only exception that the thermal contact portion 804 of the
heat transfer device 801 is brought into contact with a large
vein, while the contact portion 804 of the temperature sensor
device 801 is brought into contact with a large artery.

[0037] According to a further alternative embodiment of
the invention in which the temperature influencing means
107 is realized by a subcutaneous extravascular heat transfer
device as illustrated in FIG. 8, instead of a Peltier-device a
heating element such as a resistor heater may be provided.
In this case the temperature deviation generated in the vein
is a rise of temperature instead of a drop of temperature
achieved with the Peltier device. The overall structure of the
subcutaneous extravascular heat transfer device is equal to
the structure as shown in FIG. 8. Also the handling of the
subcutaneous extravascular heat transfer device 801 is the
same as described with reference to FIG. 8, so that repeti-
tions may be avoided.

[0038] After having placed the thermal contact portion
804 of the heat transfer device 801 on a large vein, such as
the vena cava superior the Peltier-device is energized with
the result that its temperature decreases. As the thermal
contact portion is in intimate heat transfer contact with the
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vein, heat is drawn out of the blood vessel and is absorbed
by the heat contact portion 804. As a consequence a trav-
elling temperature deviation is introduced into the patient’s
vascular system 103 (FIG. 1) which allows to carry out
thermodilution measurements as already described with
respect to the embodiment of FIG. 1.

[0039] FIG.9 shows a schematic sketch of both a patient’s
vascular system 900 and a preferred embodiment of com-
puter system 906 adapted to provide data for carrying out a
system calibration. Patient’s vascular system is generally
symbolized by the lungs 901, the right heart ventricle 902,
the left heart ventricle 903, the systemic circulation 904 and
the pulmonary circulation 905. For better presentation, the
right heart ventricle 902 and the left heart ventricle 903 are
shown separated from each other.

[0040] The computer system 906 including temperature
influencing means (not explicitely shown in FIG. 9) induces
a change of the blood temperature in a large vein of patient’s
systemic circulation such that the blood temperature rises by
the temperature difference TT1 in the form of a step function
at time instant t1 as shown in block 907. This causes a
temperature rise TTn at time instant t2 (step response) in an
artery of patient’s systemic circulation as demonstrated in
block 908. This step response curve T(t) is detected by the
extravascular temperature sensor device (not explicitely
shown in FI1G. 9) as a funtion of time and is channelled back
1o the computer system 906, where it is recorded. The
computer then calculates and stores a correction function as
shown in block 909 which depends on the time delay (t2-t1)
between the input signal and the output signal and the height
of the Step Response TTn.

[0041] FIG. 10 shows a schematic sketch of both a
patient’s vascular system and a preferred embodiment of a
computer system adapted carry out a system calibration by
means of the correction function provided as explained
above with respect to FIG. 9. As illustrated in FIG. 10 a
temperature change is induced in a large vein of patient’s
systemic circulation such that the blood temperature rises
and falls down to the previous level after a very short time
so that the temperature change has the form of a peak
function as illustrated in block 909. This causes a tempera-
ture rise in an artery of patient’s systemic circulation as
demonstrated in block 910 (Peak Response). This peak
response is detected by the extravascular temperature sensor
device, not explicitely shown in FIG. 10) and is channelled
back to the computer system 906. The computer then
modifies the recorded peak response by means of the cor-
rection function which was obtained earlier as demonstrated
with respect to FIG. 9, in order to obtain the thermodilution
curve which takes into account the patient’s specific param-
eters such as the heat transfer ability through the skin etc. As
usual, parameters such as mean transit time (MTT), downs-
lope time (DST) and cardiac output (CO) can be determined
from the thermodilution curve as explained above with
respect to FIG. 3.

1. Apparatus for determining at least one cardiovascular
parameter of a patient by thermodilution measurements
comprising:

a) temperature influencing means for provoking an initial
local temperature change in the proximity of a first
position of a patient’s vascular system,
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b) an extravascular temperature sensor device for mea-
suring the local temperature of patient’s blood at a
second position of patient’s vascular system down-
stream of said first position

¢) a computer system coupled to said temperature sensor
device for recording said patient’s local blood tempera-
ture measured at said second position as a function of
time to determine a thermodilution curve.

2. Apparatus as claimed in claim 1, wherein said cardio-
vascular parameter is the cardiac output.

3. Apparatus as claimed in claim 1, wherein said computer
system is adapted to determine a downslope of said ther-
modilution curve.

4. Apparatus as claimed in claim 1, wherein said computer
system is adapted to determine a mean transit time from said
thermodilution curve indicating an estimate of the time
required by said temperature deviation to travel from said
first position to said second position.

5. Apparatus as claimed in claim 1, wherein said extravas-
cular temperature sensor device includes a thermistor.

6. Apparatus as claimed in claim 1, wherein said extravas-
cular temperature sensor device includes a bolometer.

7. Apparatus as claimed in claim 1, wherein the extravas-
cular temperature sensor device is a transcutaneous sensor
device which comprises a thermal contact portion adapted to
be pressed against the patient’s skin to get into heat transfer
contact with a blood vessel.

8. Apparatus as claimed in claim 1, wherein the extravas-
cular temperature sensor device is a subcutaneous sensor
device which comprises a thermal contact portion adapted to
be advanced under the patient’s skin to get into heat transfer
contact with a blood vessel.

9. Apparatus as claimed in claim 1, wherein the tempera-
ture influencing means comprises a thermal contact portion
adapted to be pressed against the patient’s skin to get into
heat transfer contact with a blood vessel.

10. Apparatus as claimed in claim 1, wherein the tem-
perature influencing means comprises a thermal contact
portion adapted to be advanced under the patient’s skin to
get into heat transfer contact with a blood vessel.

11. Computer system for determining at least one cardio-
vascular parameter of a patient by thermodilution measure-
ments comprising first coupling means to couple said com-
puter system to temperature influencing means and second
coupling means to couple said computer system to an
extravascular temperature sensor device and accessing
means to acces executable instructions to cause said com-
puter system

a) to control temperature influencing means coupled to
said computer system to provoke an initial local tem-
perature change in the proximity of a first position of a
patient’s vascular system, and

b) to record said patient’s local blood temperature mea-
sured by an extravascular temperature sensor device at
a second position of patient’s vascular system down-
stream of said first position as a function of time to
determine a thermodilution curve.
12. Computer system as claimed in claim 11, wherein said
cardiovascular parameter is the cardiac output (CO).
13. Computer system as claimed in claim 11, wherein said
cardiovascular parameter is a downslope time (DST) of said
thermodilution curve.
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14. Computer system as claimed in claim 11, wherein said
cardiovascular parameter is a mean transit time (MTT).

15. Computer system as claimed in claim 11, wherein said
temperature influencing means is controlled to provoke an
initial local temperature change in the form of a step
function and to record patient’s local blood temperature
measured by said extravascular temperature sensor device at
said second position of patient’s vascular system down-
stream of said first position as a function of time to deter-
mine a step response curve, wherein said executable instruc-
tions cause said computer system calculate a correction
function based on said step response curve and to store said
correction function for later calibration purposes.

16. Computer system as claimed in claim 15 wherein said
thermodilution curve is modified by making use of said
correction function.

17. Storage medium having physically stored thereon a
computer program for determining a cardio-vascular param-
eter of a patient by thermodilution measurements compris-
ing instructions executable by a computer system to cause
said computer system

a) to control temperature influencing means coupled to
said computer system to provoke an initial local tem-
perature change in the proximity of a first position of a
patient’s vascular system, thus introducing a travelling
temperature deviation to patient’s blood stream,

b) to record said patient’s local blood temperature mea-
sured by an extravascular temperature sensor device at
a second position of patient’s vascular system down-
stream of said first position as a function of time to
determine a thermodilution curve.

18. Storage medium as claimed in claim 17, wherein said
cardiovascular parameter is the cardiac output.

19. Storage medium as claimed in claim 17, wherein said
cardiovascular parameter is a downslope of said thermodi-
lution curve.

20. Storage medium as claimed in claim 17, wherein said
cardiovascular parameter is a mean transit time.

21. Storage medium as claimed in claim 17, wherein said
computer program,generates a warning signal indicating that
cardiac output is below a certain threshold and advising to
determine the cardiac output using an invasive temperature
sensor device.

22. A temperature sensor device comprising

an elongated body part having a sharp tip at one end,
a temperature sensing section and

retaining means adapted to retain the temperature sensor
in a fixed position.
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23. Temperature sensor device as claimed in claim 23,
wherein the elongated body part is coated with a foil and the
retaining means are flaps obtained by partially peeling off
the foil.

24. Temperature sensor device as claimed in claim 23,
wherein the temperature sensing section comprises a ther-
mistor element.

25. Temperature sensor device as claimed in claim 23,
wherein the temperature sensing section comprises a bolom-
eter element.

26. A heat transfer device comprising

an elongated body part having a sharp tip at one end,

a heat transfer section comprising a heating element or a
cooling element,

retaining means adapted to retain the heat transfer device

in a fixed position.

27. Heat transfer device as claimed in claim 26, wherein
the heating element is an electric resistance heater.

28. Heat transfer device as claimed in claim 26, wherein
the cooling element is a Peltier element.

29, Heat transfer device as claimed in claim 26, wherein
the elongated body part is coated with a foil and the retaining
means are flaps obtained by partially peeling off the foil.

30. Method for determining a cardiovascular parameter of
a patient by thermodilution measurements comprising the
steps of

a) controlling temperature influencing means coupled to a
computer system to provoke an initial local temperature
change in the proximity of a first position of a patient’s
vascular systern, thus introducing a travelling tempera-
ture deviation to patient’s blood stream,

b) recording said patient’s local blood temperature mea-
sured by an extravascular temperature sensor device at
a second position of patient’s vascular system down-
stream of said first position as a function of time to
determine a thermodilution curve.

31. Method as claimed in claim 30, wherein said cardio-
vascular parameter is cardiac output.

32. Method as claimed in claim 30, wherein said cardio-
vascular parameter is a downslope of said thermodilution
curve.

33. Method as claimed in claim 30, wherein said cardio-
vascular parameter is a mean transit time.

34. Method as claimed in claim 30, wherein a warning
signal is genereated indicating that cardiac output is below
a certain threshold and advising to determine the cardiac
output using an invasive temperature sensor device.
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