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Description
FIELD OF THE INVENTION

[0001] The present invention relates to an apparatus, a computer system and a storage medium with a computer
program for determining intrathoracic blood volume and other cardio-vascular parameters of a patient by thermodilution
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 thermodilution curve, a schematic example of which is illustrated
in fig. 3, wherein the abscissa (time axis) 1 is linear and the ordinate (temperature difference axis) 2 is logarithmic,
various cardio-vascular 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:

CO= Vi(Tg-T KK,
ATg(t)dt

where Tg is the initial blood temperature, T, is the temperature 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 ATg(t) is
the blood temperature as a function of time with respect to the baseline blood temperature Tg. 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. 1
include the Exponential Decay or Downslope Time DST, i.e. the time the blood temperature difference ATg(t) takes to
drop by the factor e, the Appearance Time AT, i.e. the time span between bolus injection IT and first appearance of a
noticable temperature difference ATg(t) and the Mean Transit Time MTT.

[0005] The Intrathoracic Thermovolume ITTV and the Intrathoracic blood volume ITBV can be determined as follows:

ITTV=CO-MTT

ITBV =a'- GEDV +b'

wherein @’ and b’ are species-specific constants and GEDV is the Global End-Diastolic Volume, which can be determined
as follows:

GEDV = CO - (MTT - DST)

[0006] An extravascular thermovolume estimate can be determined as the difference between Intrathoracic Thermo-
volume ITTV and the Intrathoric blood volume ITBV

ETV=ITTV-ITBV

[0007] Extravascular thermovolume correlates, if there is no significant perfusion defect in the lungs (e.g. massive
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pulmonary embolism or large single embolism), closely to the degree of Extravascular Lung Water.

[0008] Transpulmonary thermodilution has been shown to be a reliable technique for assessing cardiac output, cardiac
preload and extravascular lung water (EVLW), i.e. to quantify pulmonary edema. The estimation of EVLW by the injection
of a single thermal indicator is based on the above mentioned relationship ITBV = a’ - GEDV +b’. This method has been
shown to compare favorably with the double-indicator (thermo-dye) dilution technique and with the ex-vivo gravimetric
methods.

[0009] However, for mechanically ventilated patients and patients suffering from severe pulmonary edema the results
were not entirely satisfactory.

[0010] It is therefore an object of the present invention to provide a new apparatus, a new computer system and a
storage medium with a new computer program allowing the determination of the intrathoracic blood volume by single
indicator transpulmonary thermodilution with enhanced accuracy especially for patients suffering from severe pulmonary
edema and/or for mechanically ventilated patients.

SUMMARY OF THE INVENTION

[0011] The inventors found that several factors (especially pulmonary edema and airway pressure) affect the cardiac
blood / pulmonary blood volume relationship, and hence the estimation of EVLW by transpulmonary thermodilution.
Indeed, edematous lung areas may compress pulmonary vessels and enhance pulmonary vasoconstriction, both factors
that may reduce true pulmonary blood volume and hence lead to overestimation of ITBV and underestimation of ex-
travascular lung water EVLW (when ITBV is estimated as 1.25 x GEDV). Similarly, any increase in airway pressure
(related either to an increase in tidal volume or the application of a positive end-expiratory pressure) may induce a
decrease in pulmonary blood volume which may also change the cardiac/pulmonary blood volume ratio.

[0012] Inordertoaccomplish the above mentioned object, the presentinvention provides an apparatus for determining
intrathoracic blood volume (ITBV) and other cardio-vascular parameters 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, a
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, a computer system connected to said temperature sensor device and adapted
to record said patient’s local blood temperature measured at said second place as a function of time to determine a
thermodilution curve, said computer system being further adapted to determine patient’s global enddiastolic blood volume
(GEDV) and patient’s intrathoracic thermovolume (ITTV) from said thermodilution curve said computer system being
further adapted to determine patient’s intrathoracic blood volume (ITBV) according to the following formula:

ITBV = f(GEDV, ITTV, P)

[0013] ITBV being the intrathoracic blood volume, GEDV being the global enddiastolic blood volume, ITTV being the
intrathoracic thermovolume, P being an airway pressure inside patient’s lungs.

[0014] In order to accomplish the above mentioned object, the invention also provides a computer system comprising
first coupling means to couple said computer system to temperature influencing means and second coupling means to
couple said computer system to a temperature sensor device and optionally third coupling means to couple said computer
system to an airway pressure sensor device, and accessing means to access executable instructions to cause said
computer system to control 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 temperature deviation to patient’s blood stream,
to record said patient’s local blood temperature measured by a 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 as a function
of time to determine a thermodilution curve, to determine patient’s global enddiastolic blood volume (GEDV) and patient’s
intrathoracic thermovolume (ITTV) from said thermodilution curve, to determine patient’s intrathoracic blood volume
(ITBV) according to the following formula:

ITBV = f(GEDV, ITTV, P),

[0015] ITBV being the intrathoracic blood volume, GEDV being the global enddiastolic blood volume, ITTV being the
intrathoracic thermovolume, P being an airway pressure inside patient’s lungs.
[0016] In order to accomplish the above mentioned object, the invention also provides a storage medium with a



10

15

20

25

30

35

40

45

50

55

EP 1 588 661 B1

computer computer program for determining intrathoracic blood volume (ITBV) and other cardio-vascular parameters
of a patient by thermodilution measurements comprising instructions executable by a computer system to cause said
computer system to control 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 temperature deviation to patient’s blood stream,
to record said patient’s local blood temperature measured by a 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 as a function
of time to determine a thermodilution curve, to determine patient’s global enddiastolic blood volume (GEDV) and patient’s
intrathoracic thermovolume (ITTV) from said thermodilution curve, to determine patient’s intrathoracic blood volume
(ITBV) according to the following formula:

ITBV = f(GEDV, ITTV, P),

[0017] ITBV being the intrathoracic blood volume, GEDV being the global enddiastolic blood volume, ITTV being the
intrathoracic thermovolume, P being an airway pressure inside patient’s lungs.

[0018] By determining intrathoracic blood volume not only as a function of the global enddiastolic blood volume (GEDV)
but also as a function of the intrathoracic thermovolume, experience has shown that a better estimation of intrathoracic
blood volume and hence also a better estimation of extravasal lung water can be made.

[0019] According to a preferred embodiment of the invention said function f(GEDV, ITTV, P) is selected to be

f(GEDV, ITTV,P)=a-GEDV+b+c-ITTV+d-P

a being a species dependent parameter, with 1 < a < 2, b being a species dependent parameter, including zero, ¢ being
a species dependent parameter, with ¢ and d being species dependent parameters, including zero, with the limitation
that ¢ and d may not be zero simultaneously.

[0020] Thetermc - ITTV provides for a correction especially for high values of ITTV and the term d - p provides for a
correction of ITBV especially when the patient is mechanically ventilated. Once the species-specific parameters a, b, c,
and d have been determined the application of this formula allows an optimal coincidence between the estimated values
of intrathoracic blood volume and extravasal lung water with precisely measured values in a large population of patients.
[0021] In another preferred embodiment of the invention said function f(GEDV, ITTV, P) is selected to be

f (GEDV,TTV,P) =—171v—GEDY) 5= GEDV.t+ b
c d
(rrrvnorm' GEDVwrm) * Fiorm

a, b, ¢, and d being species dependent parameters, with 1 <a/ (c+d) < 2, wherein ITTVnorm, GEDVnorm and Pnorm
are empirical normal values of ITTV, GEDV and P, respectively. Parameters a, b, ¢, and d are determined by regression.
[0022] In another preferred embodiment of the invention said function f(GEDV, ITTV, P) is selected to be

’ - \
T8V = ITTv GE;\./GEDV tbele ITI'V(rlx?r\n/ gEgVZ\orm *die Pnirm
C2e ( _ ) +1le|d2e + ] ( m- )
(ITTVnorm — GEDVnorm) Pnorm

parameters a, b, c1, d1, ¢2, d2 can be obtained by a nonlinear regression from comparative double dilution measure-
ments. The parameters are species dependent. The term a/(c2+1)(d2+1) is normally in the range of 0.5 to 10.
[0023] The first part
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(ITTV - GEDV)
1e

ITBV=a+*GEDV +b+cle +
(TTVnorm - GEDVnorm) Pnorm

describes the total displacement from the thorax to the large circulation.
[0024] The second part

asGEDV

[2 (ITTV -GEDV) )”Hdz' P +1]

cee (ITTVnorm - GEDVnorm Pnorm

ITBV = +b

describes the changed relation between GEDV and PBV.

[0025] Investigations have shown that with the formula according to the prior art ITBV i.e. the sum of PBV and GEDV
was underestimated at high ETV and at high airway pressures. This is because a high ETV leads to a tension of the
lung tissue, which is disturbing the normal fixed relation between PBV and GEDV (ITBV = GEDV+PBV = a*GEDV + b).
A similar result is reached at high airway pressure P.

[0026] Thereby the effective pressure, which is pushing blood out of the lung, is the transmural pressure Ptm = ITP -
Pmv. This is the difference between intra thoracic pressure and micro vascular pressure. The peri micro vascular pressure
could be neglected. If the lung is very stiff e.g. at a fibrosis, even a high airway pressure has little influence - the intra
thoracic pressure remains low.

[0027] Mostly Ptm in the micro vessels of the lung is not available. In this case the intra thoracic pressure or the mean
airway pressure could be used instead. Because PEEP (positive end expiratory Pressure) is correlated, it could be also
useful.

[0028] The blood is displaced from the lung in two ways

1. a fraction of the blood is shifted from the lungs into the heart, thereby the normal relation between GEDV and
PBV is changed

2. a part of the PBV is totally displaced from the thorax to the large circulation (systemic circulation)

[0029] Dependent on the dominant factor c1, d1 or c2, d2 could be equal to zero. In a special case of humans a=1.48;
b=87ml; c1=-0.18; d1=0; ¢c1=0; d2=0

[0030] There are also other formulas possible. In general ITBV is a function of GEDV, ITTV and P. It could also be
advantageous to apply this to intra thoracic blood volume Index ITBVI= ITBV/BSA which is the ITBV divided by Body
surface Area (BSA). In this case ITBVI is a function of GEDV/BSA, TTV/BSA and P.

[0031] In another preferred embodiment of the invention P is set equal to a transmural lung pressure Ptm, being
defined as Ptm = ITP - Pmv, ITP being a intrathoracic pressure and Pmv being a microvascular pressure. As it is the
transmural pressure which is responsible for pulmonary vasoconstriction and which is the reason for an overestimation
of the intrathoracic blood volume and the underestimation of extravascular lung water best results are obtained by using
the transmural pressure for correction of the intrathoracic blood volume, even if the patient suffers from lung fibrosis.
[0032] However, the transmural pressure is sometimes difficult to determine. Fairly good results are also obtained
according to another embodiment by using for P a mean pressure measured in the airway of a mechanical respirator
or a positive end expiratory pressure (PEEP) of a mechanical respirator. These pressures can be determined easily.
[0033] Further advantageous embodiments are described in the subclaims.

[0034] The accompanying drawings serve for a better understanding of the above and other features of the present
invention.

BRIEF DESCRIPTION OF THE DRAWINGS
[0035]

Fig.1  shows a schematic illustration explaining the dependencies between global end diastolic volume GEDV, pul-
monal blood volume PBYV, extra thermal volume ETV, airway volume Vaw, and airway pressure P.

Fig.2 shows a schematic sketch of both a patient’s vascular system and a preferred embodiment of an apparatus
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according to the present invention.

Fig.3  shows a schematic example of a Thermodilution Curve in a diagram with the blood temperature difference as
a function of time, wherein the abscissa is linear and the ordinate is logarithmic.

Fig.4 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.2.

DETAILED DESCRIPTION

[0036] Fig.1 shows a schematic illustration explaining the dependencies between global end diastolic volume GEDV,
which is roughly the blood located in the heart, pulmonal blood volume PBV 111, which is the blood located in the lungs,
extra thermal volume ETV 112, which is roughly the lung water outside the vessels, air way volume Vaw, and air way
pressure P. Increasing airway pressure P causes the air way volume Vaw to increase, which leads to a decrease of
pulmonal blood volume PBYV, in other words, the increasing P causes blood to flow out from the lungs into the heart and
/ or into the systemic circulation. Similarly, increasing ETV also causes blood to flow out from the lungs into the heart
and / or into the systemic circulation.

[0037] Fig.2 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. 4, is connected via port A 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 temperature. As a result, travelling temperature deviation is
introduced to the patient’s vascular system 103, where it continuously changes according to boundary conditions. The
temperature deviation passes right atrium and right ventricle 109 of patient’s heart 110 to enter the pulmonary circulation
111, where an extravascular thermovolume 112 may be present in the proximity of the patient’s vessels. The temperature
deviation passes the left atrium 113 and the left ventricle 114 of patient’s heart to enter through the aorta 115 the systemic
circulation 116. When the travelling temperature deviation reaches the second place 102, e.g. patient’s arteria femoralis,
where the patient’s blood temperature is continuously measured by a sensor device 117, which is connected to the
computer system 104 via port B 202, the travelling temperature deviation is recorded by the computer system 104 as
Thermodilution Curve, i.e. temperature measured at the second place 102 as function of time. From this Thermodilution
Curve the computer system 104 determines an extravascular thermovolume estimate according to the relations explained
above. Extravascular thermovolume correlates, if there is no significant perfusion defect in the lungs (e.g. pulmonary
embolism), closely to the degree of Extravascular Lung Water.

[0038] Fig.4 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.2. Via ports A and B 201, 202 which belong to an input/output
subsystem, the computer system 104 is connectable to injection means 107 sensor device 117 and pressure sensor
118, 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 instructions memory (RAM) 208, where both executable instructions and various data including temperature
readings for thermodilution curves and airway pressure 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 controlling a display 214 to display relevant information, such as a Thermodilution Curve or cardio-
vascular parameters determined by the computer system 104. The pressure sensor device 118, which is adapted to
measure the pressure in patient’s airway is connected to the computer system 104 via port 203.

[0039] The above described apparatus is adapted to determine MTT, DST, CO from the thermodilution curve and to
calculate parameters such as GEDV, ITBV and ETV.

Claims

1. Apparatus for determining intrathoracic blood volume (ITBV) and other cardio-vascular parameters of a patient by
thermodilution measurements comprising:
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a) temperature influencing means (107) for provoking an initial local temperature change in the proximity of a
first place (101) of a patient’s vascular system (103), thus introducing a travelling temperature deviation to
patient’s blood stream,

b) a temperature sensor device (117) for measuring the local temperature of patient’s blood at a second place
(102) of patient’s vascular system (103) downstream of said first place (101)

c) acomputer system (104) coupled to said temperature sensor device (117) and adapted to record said patient’s
local blood temperature measured at said second place (102) as a function of time to determine a thermodilution
curve,

d) said computer system (104) being further adapted to determine patient’s global enddiastolic blood volume
(GEDV) and patient’s intrathoracic thermovolume (ITTV) from said thermodilution curve,

characterized in that said computer system (104) is further adapted to determine patient’s intrathoracic blood
volume (ITBV) according to the following formula:

ITBV = f{(GEDV, ITTV, P),
ITBV being the intrathoracic blood volume, GEDV being the global enddiastolic blood volume, ITTV being the

intrathoracic thermovolume, P being an airway pressure inside patient’s lungs.

Apparatus as claimed in claim 1, wherein said function f(GEDV, ITTV, P) is selected to be

HGEDV, ITTV, P)=a - GEDV+b+c - ITTV+d - P

a being a species dependent parameter, with 1 <a <2

b being a species dependent parameter, including zero

¢ being a species dependent parameter, with c < 0

d being a species dependent parameter, including zero,

with the restriction that c and d may not be zero simultaneously.

Apparatus as claimed in claim 1, wherein said function f(GEDV, ITTV, P) is selected to be

a‘

f (GEDV,ITTV,P) =——re1v—GED) 5 GEDV+ b
d
(ITTVnorrn" GEDVnorm) * Pnorm

a, b, ¢, and d being species dependent parameters, with 1 < a / (c+d) < 2, wherein ITTVnorm, GEDVnorm and
Pnorm are empirical normal values of ITTV, GEDV and P, respectively.

4. Apparatus as claimed in claim 1, wherein said function f(GEDV, ITTV, P) is selected to be

BV = TV GE;\./GEDV tbrete ITTV(HTV-EES\\;) Haleg ;
2o ( - ) +1le [d2 . o ( norm — norm) norm
(ITTVnorm - GEDVnorm) Pnorm

a, b, ¢1, ¢c2, d1, d2 being species dependent parameters, with 0,5 < a/(c2+1)(d2+1) < 10, wherein ITTVnorm,
GEDVnorm and Pnorm are empirical normal values of ITTV, GEDV and P, respectively.

5. Apparatus as claimed in any of the preceding claims wherein P is set equal to a transmural lung pressure Ptm,
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being defined as

Ptm = ITP — Pmy,

ITP being a intrathoracic pressure and Pmv being a microvascular pressure.

Apparatus as claimed in any of the preceding claims, wherein P is a pressure measured in the airway of a mechanical
respirator.

Apparatus as claimed in claim 6, wherein P is a positive end expiratory pressure (PEEP).
Apparatus as claimed in claim 7, wherein P is a mean airway pressure.

Apparatus as claimed in any of the preceding claims which is adapted to determine at least one of said cardio-
vascular parameters by transpulmonary thermodilution.

Apparatus as claimed in any of the preceding claims which is adapted to determine an estimate of extravascular
lung water (EVLW) as

EVLW = ITTV - I1TBV,

EVLW being the extravascular lung water.

Apparatus as claimed in any of the preceding claims which is adapted to determine ITTV as

ITTV=CO - MTT,

CO being the cardiac output and MTT being the mean transit time, indicating the time required by said temperature
deviation to travel from said first place (101) to said second place (102).

Apparatus as claimed in any of the preceding claims which is adapted to determine GEDV as

GEDV = CO - (MTT - DST),

CO being the cardiac output and MTT being the mean transit time, indicating the time required by said temperature
deviation to travel from said first place (101) to said second place (102) and DST being a down slope time of said
thermodilution curve.

Apparatus as claimed in any of the preceding claims further comprising a pressure sensing device (118) coupled
to said computer system (104).

Computer system (104) comprising first coupling means to couple said computer system (104) to temperature
influencing means (107) and second coupling means to couple said computer system (104) to a temperature sensor
device (117), and accessing means to access executable instructions to cause said computer system (104)

a) to control temperature influencing means (107) for provoking an initial local temperature change in the
proximity of a first place (101) of a patient’s vascular system (103), thus introducing a travelling temperature
deviation to patient’s blood stream,

b) to record said patient’s local blood temperature measured by a temperature sensor device (117) for measuring
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the local temperature of patient’s blood at a second place (102) of patient’s vascular system (103) downstream
of said first place (101) as a function of time to determine a thermodilution curve,

c) to determine patient’s global enddiastolic blood volume (GEDV) and patient’s intrathoracic thermovolume
(ITTV) from said thermodilution curve,

characterized in that said instructions include instructions to cause said computer system (104)
to determine patient’s intrathoracic blood volume (ITBV) according to the following formula:

ITBV = {(GEDV, ITTV, P),
ITBV being the intrathoracic blood volume, GEDV being the global enddiastolic blood volume, ITTV being the
intrathoracic thermovolume, P being an airway pressure inside patient’s lungs.

15. Computer system as claimed in claim 14, wherein said function f(GEDV, ITTV, P) is selected to be

{GEDV,ITTV,P)=a-GEDV+b+c-ITTV+d-P

a being a species dependent parameter, with 1 <a <2

b being a species dependent parameter, including zero

¢ being a species dependent parameter, with ¢ < 0

d being a species dependent parameter, including zero,

with the restriction that ¢ and d may not be zero simultaneously.

16. Computer system as claimed in claim 14, said function f(GEDV, ITTV, P) is selected to be

f (GEDV,ITTV,P) =~/ Tv—GED) 5 GEDV+4 b
(ITTVnorm' c:\'EDVnorm) ' Pnorm

a, b, ¢, and d being species dependent parameters, with 1 < a / (c+d) < 2, wherein ITTVnorm, GEDVnorm and
Pnorm are empirical normal values of ITTV, GEDV and P, respectively.

17. Computer system as claimed in claim 14, wherein said function f(GEDV, ITTV, P) is selected to be

ITBY = : asGEDV +b+cle (TTV - GEDV) e dle
Do (ITTV - GEDV) +1]efd2e . 1] (ITTVnorm - GEDVnorm) Pnorm
(ITTVnorm — GEDVnorm) Pnorm

a, b, ¢1, ¢c2, d1, d2 being species dependent parameters, with 0,5 < a/(c2+1)(d2+1) < 10, wherein ITTVnorm,
GEDVnorm and Pnorm are empirical normal values of ITTV, GEDV and P, respectively.

18. Computer system as claimed in any of claims 14-17, comprising a port coupled to a pressure sensor arranged in
the airway of a mechanical respirator.

19. Computer system as claimed in any of claims 14-18 being caused to determine an estimate of extravascular lung
water (EVLW) as



10

15

20

25

30

35

40

45

50

55

20.

21.

22,

23.

EP 1 588 661 B1

EVLW = ITTV - ITBV,

EVLW being the extravascular lung water.

Computer system as claimed in any of claims 14-19 being caused to determine said ITTV as

ITTV =CO - MTT,

CO being the cardiac output and MTT being the mean transit time, indicating the time required by said temperature
deviation to travel from said first place (101) to said second place (102).

Computer system as claimed in any of claims 14-20 being caused to determine said GEDV as

GEDV = CO - (MTT - DST),

CO being the cardiac output and MTT being the mean transit time, indicating the time required by said temperature
deviation to travel from said first place (101) to said second place (102) and DST being a down slope time of said
thermodilution curve.

Storage medium (212) having physically stored thereon a computer program for determining intrathoracic blood
volume (ITBV) and other cardio-vascular parameters of a patient by thermodilution measurements comprising in-
structions executable by a computer system (104) to cause said computer system (104)

a) to control temperature influencing means (107) for provoking an initial local temperature change in the
proximity of a first place (101) of a patient’s vascular system (103), thus introducing a travelling temperature
deviation to patient’s blood stream,

b) to record said patient’s local blood temperature measured by a temperature sensor device (117) for measuring
the local temperature of patient’s blood at a second place (102) of patient’s vascular system (103) downstream
of said first place (101) as a function of time to determine a thermodilution curve,

c) to determine patient’s global enddiastolic blood volume (GEDV) and patient’s intrathoracic thermovolume
(ITTV) from said thermodilution curve,

characterized in that said instructions include instructions to cause said computer system (104)
to determine patient’s intrathoracic blood volume (ITBV) according to the following formula:

ITBV = f(GEDV, ITTV, P),

ITBV being the intrathoracic blood volume, GEDV being the global enddiastolic blood volume, ITTV being the
intrathoracic thermovolume, P being an airway pressure inside patient’s lungs.

Storage medium (212) as claimed in claim 22, wherein said function f(GEDV, ITTV, P) is selected to be

{(GEDV, ITTV,P)=a-GEDV+b+c-ITTV+d - P

a being a species dependent parameter, with 1 <a <2

b being a species dependent parameter, including zero
¢ being a species dependent parameter, with c s 0

d being a species dependent parameter, including zero,

10



10

15

20

25

30

35

40

45

50

55

24,

25.

26.

27.

28.

EP 1 588 661 B1
with the restriction that c and d may not be zero simultaneously.

Storage medium (212) as claimed in claim 22, wherein said function f(GEDV, ITTV, P) is selected to be

a

f (GEDV,ITTV,P) =——mrrv—GEDW) 5 GEDV+ b
d
(rrrvnorm' GEDVnorm) * Pnorm

a, b, ¢, and d being species dependent parameters, with 1 < a / (ct+d) < 2, wherein ITTVnorm, GEDVnorm and
Pnorm are empirical normal values of ITTV, GEDV and P, respectively.

Storage medium (212) as claimed in claim 22, wherein said function f(GEDV, ITTV, P) is selected to be

ITBV = ae GEDV (ITTV - GEDV)
== - +b+cle +die
2o (ITTV - GEDV) +1le [62 . . 1] (ITTVnorm — GEDVnorm) Pnorm
(ITTVnorm - GEDVnorm) Pnorm

a, b, c1, c2, d1, d2 being species dependent parameters, with 0,5 < a/(c2+1)(d2+1) < 10, wherein ITTVnorm,
GEDVnorm and Pnorm are empirical normal values of ITTV, GEDV and P, respectively.

Storage medium (212) as claimed in any of claims 22-25 wherein said instructions include instructions causing said
computer system (104) to determine an estimate of extravascular lung water (EVLW) as

EVLW =TTV - ITBYV,

EVLW being the extravascular lung water.

Storage medium (212) as claimed in any of claims 22-26 wherein said instructions include instructions causing said
computer system (104) to determine ITTV as

ITTV =CO - MTT,

CO being the cardiac output and MTT being the mean transit time, indicating the time required by said temperature
deviation to travel from said first place (101) to said second place (102).

Storage medium (212) as claimed in any of claims 22-27 wherein said instructions include instructions causing said
computer system (104) to determine GEDV as

GEDV = CO - (MTT - DST),

CO being the cardiac output and MTT being the mean transit time, indicating the time required by said temperature
deviation to travel from said first place (101) to said second place (102) and DST being a down slope time of said
thermodilution curve.

Patentanspriiche

1.

Vorrichtung zum Bestimmen des intrathorakalen Blutvolumens (ITBV) und anderer kardiovaskuldrer Parameter
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eines Patienten mittels Thermodilutionsmessungen, welche folgendes aufweist:

a) Temperaturbeeinflussungsmittel (107) zum Hervorrufen einer anfanglichen lokalen Temperaturanderung in
der Umgebung einer ersten Stelle (101) des vaskularen Systems (103) eines Patienten, wodurch eine wandernde
Temperaturabweichung in den Blutstrom des Patienten eingebracht wird,

b) eine Temperatursensorvorrichtung (117) zum Messen der lokalen Temperatur des Bluts des Patienten an
einer zweiten Stelle (102) des vaskularen Systems (103) des Patienten stromabwarts von der ersten Stelle (101),
¢) ein mitder Temperatursensorvorrichtung (117) verbundenes Computersystem (104), welches dazu ausgelegt
ist, die an der zweiten Stelle (102) gemessene lokale Bluttemperatur des Patienten als Funktion Uiber der Zeit
aufzuzeichnen, um eine Thermodilutionskurve zu bestimmen,

d) wobei das Computersystem (104) ferner dazu ausgelegt ist, das globale enddiastolische Blutvolumen (GEDV)
des Patienten und das intrathorakale Thermovolumen (ITTV) des Patienten aus der Thermodilutionskurve zu
bestimmen,

dadurch gekennzeichnet, daB das Computersystem (104) ferner dazu ausgelegt ist, das intrathorakale Blutvolu-
men (ITBV) des Patienten gemaR der folgenden Formel zu bestimmen:

ITBV = f{(GEDV, ITTV, P),
worin ITBV das intrathorakale Blutvolumen, GEDV das globale enddiastolische Blutvolumen, ITTV das intrathorakale
Thermovolumen, P ein Luftwegedruck in der Lunge des Patienten ist.

2. Vorrichtung gemal Anspruch 1, wobei die Funktion f(GEDV, ITTV, P) ausgewahlt wird als

f(GEDV, ITTV,P)=a-GEDV+b+c-ITTV+d-P

worin a ein spezies-abhangiger Parameter mit 1 < a < 2 ist,

b ein spezies-abhangiger Parameter einschlieRlich null ist,

c ein spezies-abhangiger Parameter mit ¢ < 0 ist,

d ein spezies-abhangiger Parameter einschlief3lich null ist,

mit der Einschrénkung, dafl ¢ und d nicht gleichzeitig null sein dirfen.

3. Vorrichtung gema Anspruch 1, wobei die Funktion f(GEDV, ITTV, P) ausgewahlt wird als

f(GEDV,ITTV,P) =~y GEaDV) 5 GEDV+b
c d
(ITTVnorm' GEDV\Oﬂn) * Pnorm

worin a, b, c und d spezies-abhangige Parameter mit 1 <a/(c+d) < 2 sind, wobei ITTVnorm, GEDVnorm und Pnorm
empirische Normalwerte von ITTV, GEDV bzw. P sind.

4. Vorrichtung gemafR Anspruch 1, wobei die Funktion f(GEDV, ITTV, P) ausgewahlt wird als

aesGEDV (ITTV - GEDV)
ITBV = +b+cle +dle
Do (ITTV - GEDV) w1le [dz . 1 (ITTVnorm — GEDVnorm) Pnorm
(ITTVnorm — GEDVnorm) Pnorm
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worin a, b, c1, ¢2, d1, d2 spezies-abhangige Parameter mit 0,5 < a/(c2+1)(d2+1) < 10 sind, wobei ITTVnorm,
GEDVnorm und Pnorm empirische Normalwerte von ITTV, GEDV bzw. P sind.

Vorrichtung gemaf einem der vorangehenden Anspriiche, wobei P einem transmuralen Lungendruck Ptm gleich-
gesetzt wird, welcher als

Ptm = ITP - Pmv,

definiert ist, wobei ITP ein intrathorakaler Druck und Pmv ein microvasaler Druck ist.

Vorrichtung gemaR einem der vorangehenden Anspriiche, wobei P ein im Luftweg eines mechanischen Beatmers
gemessener Druck ist

Vorrichtung gemaf Anspruch 6, wobei P ein positiver Ausatmungsenddruck (positive end expiratory pressure PEEP)
ist.

Vorrichtung gemaf 7, wobei P ein mittlerer Luftwegedruck ist.

Vorrichtung gemag einem der vorangehenden Anspriiche, welche dazu ausgelegt ist, mindestens einen der kar-
diovaskularen Parameter durch transpulmonale Thermodilution zu bestimmen.

Vorrichtung gemaf einem der vorangehenden Anspriiche, welche dazu ausgelegt ist, eine Naherung des extrava-
salen Lungenwassers (EVLW) als

EVLW = ITTV - ITBY,

zu bestimmen, worin EVLW das extravasale Lungenwasser ist.

Vorrichtung gemaf einem der vorangehenden Anspriiche, welche dazu ausgelegt ist, ITTV als

ITTV=CO - MTT,

zu bestimmen, worin CO das Herzzeitvolumen (Cardiac Output) und MTT die mittlere Verweilzeit (mean transit
time) ist, welche die Zeit angibt, welche die Temperaturabweichung bendtigt, um von der ersten Stelle (101) zu der
zweiten Stelle (102) zu wandern.

Vorrichtung gemaf einem der vorangehenden Anspriiche, welche dazu ausgelegt ist, GEDV als

GEDV = CO - (MTT - DST),

zu bestimmen, worin CO das Herzzeitvolumen (Cardiac Output) und MTT die mittlere Verweilzeit (mean transit
time) ist, welche die Zeit angibt, welche die Temperaturabweichung bendtigt, um von der ersten Stelle (101) zu der
zweiten Stelle (102) zu wandern, und DST eine exponentielle Abfallzeit (down slope time) der Thermodilutionskurve
ist.

Vorrichtung gemaR einem der vorangehenden Anspriiche, welche ferner eine mit dem Computersystem (104)
verbundene Drucksensorvorrichtung (118) aufweist.

Computersystem (104) welches erste Verbindungsmittel zum Verbinden des Computersystems (104) mit Tempe-
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raturbeeinflussungsmitteln (107) und zweite Verbindungsmittel zum Verbinden des Computersystems (104) mit
einer Temperatursensorvorrichtung (117) aufweist, und Zugriffsmittel zum Zugreifen auf ausfiihrbare Anweisungen,
um das Computersystem (104) dazu zu veranlassen

a) die Temperaturbeeinflussungsmittel (107) zu steuern, eine anféngliche lokale Temperaturanderung in der
Umgebung einer ersten Stelle (101) des vaskularen Systems (103) eines Patienten hervorzurufen, wodurch
eine wandernde Temperaturabweichung in den Blutstrom des Patienten eingebracht wird,

b) die von einer Temperatursensorvorrichtung (117) zum Messen der lokalen Temperatur des Bluts des Pati-
enten an einer zweiten Stelle (102) des vaskularen Systems (103) des Patienten stromabwarts von der ersten
Stelle (101) gemessene lokale Bluttemperatur als Funktion Uiber der Zeit aufzuzeichnen, um eine Thermodilu-
tionskurve zu bestimmen,

c) das globale enddiastolische Blutvolumen (GEDV) des Patienten und das intrathorakale Thermovolumen
(ITTV) des Patienten aus der Thermodilutionskurve zu bestimmen,

dadurch gekennzeichnet, daB die Anweisungen Anweisungen enthalten, welche das Computersystem (104) dazu

veranlassen,
das intrathorakale Blutvolumen (ITBV) des Patienten gemaf der folgenden Formel zu bestimmen:

ITBV = f(GEDV, ITTV, P),
worin ITBV das intrathorakale Blutvolumen, GEDV das globale enddiastolische Blutvolumen, ITTV das intrathorakale

Thermovolumen, P ein Luftwegedruck in der Lunge des Patienten ist.

15. Computersystem gemall Anspruch 14, wobei die Funktion f(GEDV, ITTV, P) ausgewahlt wird als

f(GEDV, ITTV,P)=a-GEDV+b+c-ITTV+d-P

worin a ein spezies-abhangiger Parameter mit 1 < a < 2 ist,

b ein spezies-abhangiger Parameter einschlieRlich null ist,

c ein spezies-abhangiger Parameter mit ¢ < 0 ist,

d ein spezies-abhangiger Parameter einschlief3lich null ist,

mit der Einschrénkung, dafl ¢ und d nicht gleichzeitig null sein dirfen.

16. Computersystem gemal Anspruch 14, wobei die Funktion f(GEDV, ITTV, P) ausgewahlt wird als

f(GEDV,ITTV,P) =——rrv—GEDV) 5~ GEDV+ b
d .
(MM~ GEDVoyr) P

worin a, b, c und d spezies-abhangige Parameter mit 1 <a/(c+d) < 2 sind, wobei ITTVnorm, GEDVnorm und Pnorm
empirische Normalwerte von ITTV, GEDV bzw. P sind.

17. Computersystem gemall Anspruch 14, wobei die Funktion f(GEDV, ITTV, P) ausgewahlt wird als

TBV = aeGEDV +b+cle (ITTV - GEDV) +dle
o2 (ITTV - GEDV) [ . 1:| (ITTVnorm — GEDVnorm) Pnorm
(ITTVnorm - GEDVnorm) Pnorm
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worin a, b, ¢1, c2, d1, d2 spezies-abhangige Parameter mit 0,5 < a/(c2+1)(d2+1) < 10 sind, wobei ITTVnorm,
GEDVnorm und Pnorm empirische Normalwerte von ITTV, GEDV bzw. P sind.

Computersystem gemaf einem der Anspriiche 14-17, welches einen mit einem im Luftweg eines mechanischen
Beatmers engeordneten Drucksensor verbundenen Anschlu® aufweist.

Computersystem gemal einem der Anspriiche 14-18, welches veranlat wird, eine Naherung des extravasalen
Lungenwassers (EVLW) als

EVLW = ITTV — ITBV,

zu bestimmen, worin EVLW das extravasale Lungenwasser ist.

Computersystem gemaf einem der Anspriiche 14-19, welches dazu veranlal3t wird, ITTV als
ITTV=CO - -MTT

zu bestimmen, worin CO das Herzzeitvolumen (Cardiac Output) und MTT die mittlere Verweilzeit (mean transit
time) ist, welche die Zeit angibt, welche die Temperaturabweichung benétigt, um von der ersten Stelle (101) zu der
zweiten Stelle (102) zu wandern.

Computersystem gemaf einem der Anspriiche 14-20, welches dazu veranlalRt wird, GEDV als

GEDV =CO - (MTT - DST)

zu bestimmen, worin CO das Herzzeitvolumen (Cardiac Output) und MTT die mittlere Verweilzeit (mean transit
time) ist, welche die Zeit angibt, welche die Temperaturabweichung benétigt, um von der ersten Stelle (101) zu der
zweiten Stelle (102) zu wandern, und DST eine exponentielle Abfallzeit (down slope time) der Thermodilutionskurve
ist.

Speichermedium (212) auf welchem physikalisch ein Computerprogramm zum Bestimmen des intrathorakalen Blut-
volumens (ITBV) and und anderer kardiovaskularer Parameter eines Patienten mittels Thermodilutionsmessungen
gespeichert ist, welches von einem Computersystem (104) ausfihrbare Anweisungen aufweist, um das Computer-
system (104) dazu zu veranlassen,

a) Temperaturbeeinflussungsmittel (107) zu steuern, eine anfangliche lokale Temperaturanderung in der Um-
gebung einer ersten Stelle (101) des vaskularen Systems (103) eines Patienten hervorzurufen, wodurch eine
wandernde Temperaturabweichung in den Blutstrom des Patienten eingebracht wird,

b) die von einer Temperatursensorvorrichtung (117) zum Messen der lokalen Temperatur des Bluts des Pati-
enten an einer zweiten Stelle (102) des vaskularen Systems (103) des Patienten stromabwarts von der ersten
Stelle (101) gemessene lokale Bluttemperatur als Funktion Uiber der Zeit aufzuzeichnen, um eine Thermodilu-
tionskurve zu bestimmen,

c) das globale enddiastolische Blutvolumen (GEDV) des Patienten und das intrathorakale Thermovolumen
(ITTV) des Patienten aus der Thermodilutionskurve zu bestimmen,

dadurch gekennzeichnet, daB die Anweisungen Anweisungen enthalten, welche das Computersystem (104) dazu
veranlassen,
das intrathorakale Blutvolumen (ITBV) des Patienten gemaf der folgenden Formel zu bestimmen:

ITBV = f(GEDV, ITTV, P),
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worin ITBV das intrathorakale Blutvolumen, GEDV das globale enddiastolische Blutvolumen, ITTV das intrathorakale
Thermovolumen, P ein Luftwegedruck in der Lunge des Patienten ist.

Speichermedium (212) gemaR Anspruch 22, wobei die Funktion f(GEDV, ITTV, P) ausgewahlt wird als

f(GEDV, ITTV,P)=a-GEDV +b+c-ITTV+d-P

worin a ein spezies-abhangiger Parameter mit 1 < a < 2 ist,

b ein spezies-abhangiger Parameter einschlieRlich null ist,

c ein spezies-abhangiger Parameter mit ¢ < 0 ist,

d ein spezies-abhangiger Parameter einschlief3lich null ist,

mit der Einschrankung, da® c und d nicht gleichzeitig null sein durfen.

Speichermedium (212) gemaf Anspruch 22, wobei die Funktion f(GEDV, ITTV, P) ausgewahlt wird als

f(GEDV.ITTV.P) =——(mr7v—GEDV) 5 GEDV+b
d
(”TVnorm' GEDerm) * Pnorm

worin a, b, c und d spezies-abhangige Parameter mit 1 <a/(c+d) < 2 sind, wobei ITTVnorm, GEDVnorm und Pnorm
empirische Normalwerte von ITTV, GEDV bzw. P sind.

Speichermedium (212) gemafl Anspruch 22, wobei die Funktion f(GEDV, ITTV, P) ausgewahlt wird als

« GEDV (ITTV - GEDV)
ITBV = 2 +b+cle d
e (ITTV — GEDV) w1lelgne P 1 (ITTVnorm - GEDVnorm) e Pnorm
(ITTVnorm — GEDVnorm) Pnorm

worin a, b, c1, ¢2, d1, d2 spezies-abhangige Parameter mit 0,5 < a/(c2+1)(d2+1) < 10 sind, wobei ITTVnorm,
GEDVnorm und Pnorm empirische Normalwerte von ITTV, GEDV bzw. P sind.

Speichermedium (212) gemaR einem der Anspriiche 22-25, wobei die Anweisungen Anweisungen enthalten, welche
das Computersystem (104) dazu veranlassen, eine Naherung des extravasalen Lungenwassers (EVLW) als

EVLW =TTV - ITBV,

zu bestimmen, worin EVLW das extravasale Lungenwasser ist.

Speichermedium (212) gemaR einem der Anspriiche 22-26, wobei die Anweisungen Anweisungen enthalten, welche
das Computersystem (104) dazu veranlassen, ITTV als

ITTV =CO - MTT,

zu bestimmen, worin CO das Herzzeitvolumen (Cardiac Output) und MTT die mittlere Verweilzeit (mean transit
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time) ist, welche die Zeit angibt, welche die Temperaturabweichung benétigt, um von der ersten Stelle (101) zu der
zweiten Stelle (102) zu wandern.

Speichermedium (212) gemaR einem der Anspriiche 22-27, wobei die Anweisungen Anweisungen enthalten, welche
das Computersystem (104) dazu veranlassen, GEDV als

GEDV = CO - (MTT - DST),

zu bestimmen, worin CO das Herzzeitvolumen (Cardiac Output) und MTT die mittlere Verweilzeit (mean transit
time) ist, welche die Zeit angibt, welche die Temperaturabweichung benétigt, um von der ersten Stelle (101) zu der
zweiten Stelle (102) zu wandern, und DST eine exponentielle Abfallzeit (down slope time) der Thermodilutionskurve
ist.

Revendications

1.

- Appareil pour déterminer le volume sanguin intrathoracique (ITBV - intrathoracic blood volume) et d’autres para-
métres cardio-vasculaires d’un patient par des mesures de thermodilution comprenant :

(a) un moyen influengant la température (107) pour provoquer un changement initial de température locale a
proximité d’un premier emplacement (101) du systéme vasculaire (103) d’'un patient, permettant ainsi d’introduire
dans le courant sanguin du patient un écart de température se déplagant ;

(b) un dispositif détecteur de température (117) pour mesurer la température locale du sang du patient a un
second emplacement (102) du systéme vasculaire (103) du patient en aval dudit premier emplacement (101) ;
(c) un systeme informatique (104) couplé audit dispositif détecteur de température (117) et adapté pour enre-
gistrer ladite température locale du sang du patient mesurée audit second emplacement (102) en fonction du
temps pour déterminer une courbe de thermodilution ;

(d) ledit systeme informatique (104) étant en outre adapté pour déterminer le volume sanguin télédiastolique
global du patient (GEDV - global enddiastolic blood volume) et le thermovolume intrathoracique du patient (ITTV
- intrathoracic thermovolume) a partir de ladite courbe de thermodilution ;

caractérisé par le fait que ledit systéme informatique (104) est en outre adapté pour déterminer le volume sanguin
intrathoracique (ITBV) du patient selon la formule suivante :

ITBV = {{GEDV, ITTV, P),

ITBV étant le volume sanguin intrathoracique, GEDV étant le volume sanguin télédiastolique global, ITTV étant le
thermovolume intrathoracique, P étant une pression trachéale a l'intérieur des poumons du patient.

- Appareil selon la revendication 1, dans lequel ladite fonction f(GEDV, ITTV, P) est choisie pour étre :

(GEDV,ITTV.P)=a - GEDV+b+c-ITTV+d-P

a étant un parameétre dépendant de I'espéce, avec 1 <a <2

b étant un parameétre dépendant de I'espéce, incluant zéro

¢ étant un paramétre dépendant de I'espéce, avec c <0

d étant un paramétre dépendant de I'espece, incluant zéro,

avec la restriction que c et d ne peuvent pas étre zéro simultanément.

- Appareil selon la revendication 1, dans lequel ladite fonction f(GEDV, ITTV, P) est choisie pour étre :
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a
(TTV,...- GEDV,) © Pom

a, b, c et d étant des parameétres dépendants de I'espece, avec 1 < a/(c+d) < 2, ITTVnorm, GEDVnorm et Pnorm
étant des valeurs normales empiriques de respectivement ITTV, GEDV et P.

- Appareil selon la revendication 1, dans lequel ladite fonction f(GEDV, ITTV, P) est choisie pour étre :

a+GEDV {ITTV - GEDV) P
BV « . +btcle +die
- - V Pnorm
2o (ITTV - GEDV) . -[d . p +1] T TVnorm — GEDVnorm)
{iTTVnorm - GEDVnorm) Promm . .

a, b, c1, c2, d1, d2 étant des parametres dépendant de I'espéce, avec 0,5 < a/(c2+1)(d2+1) < 10, ITTVnorm,
GEDVnorm et Pnorm étant des valeurs normales empiriques de respectivement ITTV, GEDV et P.

- Appareil selon I'une quelconque des revendications précédentes, dans lequel P est fixée égale a une pression
transmurale des poumons Ptm, étant définie comme :

Pten = TP - va,

ITP étant une pression intrathoracique et Pmv étant une pression microvasculaire.

- Appareil selon I'une quelconque des revendications précédentes, dans lequel P est une pression mesurée dans
le tubage endotrachéal d’un respirateur mécanique.

- Appareil selon la revendication 6, dans lequel P est une pression positive en fin d’expiration (PEEP - positive end
expiratory pressure).

- Appareil selon la revendication 7, dans lequel P est une pression trachéale moyenne.

- Appareil selon 'une quelconque des revendications précédentes, qui est adapté pour déterminer au moins l'un
desdits parameétres cardio-vasculaires par thermodilution transpulmonaire.

10. - Appareil selon I'une quelconque des revendications précédentes, qui est adapté pour déterminer une estimation

de I'eau pulmonaire extravasculaire (EVLW - extravascular lung water) comme :

EVIW=ITTV - (TBYV,

EVLW étant 'eau pulmonaire extravasculaire.

11. - Appareil selon I'une quelconque des revendications précédentes, qui est adapté pour déterminer ITTV comme :
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TV =CO - MTT.

CO étant le débit cardiaque et MTT étant le temps de transit moyen, indiquant le temps requis par ledit écart de
température pour se déplacer dudit premier emplacement (101) audit second emplacement (102).

- Appareil selon I'une quelconque des revendications précédentes, qui est adapté pour déterminer GEDV comme :

GEDV =CO  (MTT-DST),

CO étant le débit cardiaque et MTT étant le temps de transit moyen, indiquant le temps requis par ledit écart de
température pour se déplacer dudit premier emplacement (101) audit second emplacement (102), et DST étant un
temps de décroissance de ladite courbe de thermodilution.

- Appareil selon I'une quelconque des revendications précédentes, comprenant en outre un dispositif de détection
de pression (118) couplé audit systeme informatique (104).

- Systeme informatique (104) comprenant un premier moyen de couplage pour coupler ledit systéme informatique
(104) au moyen influengant la température (107) et un second moyen de couplage pour coupler ledit systeme
informatique (104) a un dispositif détecteur de température (117), et un moyen d’accés pour accéder a des instruc-
tions exécutables pour amener ledit systeme informatique (104) a :

(a) commander le moyen influengant la température (107) pour provoquer un changement initial de température
locale a proximité d’un premier emplacement (101) du systéme vasculaire (103) d’un patient, permettant ainsi
d’introduire dans le courant sanguin du patient un écart de température se déplagant ;

(b) enregistrer ladite température locale du sang du patient mesurée par un dispositif détecteur de température
(117) pour mesurer la température locale du sang du patient a un second emplacement (102) du systeme
vasculaire (103) du patient en aval dudit premier emplacement (101) en fonction du temps pour déterminer une
courbe de thermodilution ;

(c) déterminer le volume sanguin télédiastolique global (GEDV) du patient et le thermovolume intrathoracique
(ITTV) du patient a partir de ladite courbe de thermodilution ;

caractérisé par le fait que lesdites instructions comprennent des instructions pour amener ledit systéme informa-
tique (104)
a déterminer le volume sanguin intrathoracique (ITBV) du patient selon la formule suivante :

ITBV = {GEDV. ITTV, P),

ITBV étant le volume sanguin intrathoracique, GEDV étant le volume sanguin télédiastolique global, ITTV étant le
thermovolume intrathoracique, P étant une pression trachéale a l'intérieur des poumons du patient.

- Systéme informatique selon la revendication 14, dans lequel ladite fonction f(GEDV, ITTV, P) est sélectionnée
pour étre :

f{GEDV, ITTV,P}=a-GEDV +b+c-{TTV+d-P

a étant un parametre dépendant de I'espéce, avec 1 <a <2
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b étant un paramétre dépendant de I'espéce, incluant zéro

¢ étant un paramétre dépendant de I'espéce, avec c <0

d étant un paramétre dépendant de I'espece, incluant zéro,

avec la restriction que c et d ne peuvent pas étre zéro simultanément.

- Systéme informatique selon la revendication 14, dans lequel ladite fonction f(GEDV, ITTV, P) est choisie pour étre :

(GEDV,ITTV.P) =~ v —GEDW] 5~ GEDV4+b
c
(T~ GEDV,r) P

a, b, c et d étant des parameétres dépendants de I'espece, avec 1 < a/(c+d) < 2, ITTVnorm, GEDVnorm et Pnorm
étant des valeurs normales empiriques de respectivement ITTV, GEDV et P.

- Systéme informatique selon la revendication 14, dans lequel ladite fonction f(GEDV, ITTV, P) est choisie pour étre :

2+ GEDV . (TTV-GEDV) P
BV = : +b+cCle .
162 (IFTV - GEDV) ‘1 j‘ [ et 1] {TTVnorm - GEDVnorm) +dt Pnorm

Pnorm

* (ITTVnorm — GEDVnorm)

a, b, c1, c2, d1, d2 étant des parameétres dépendants de I'espéce, avec 0,5 < a/(c2+1)(d2+1) < 10, ITTVnorm,
GEDVnorm et Pnorm étant des valeurs normales empiriques de respectivement ITTV, GEDV et P.

- Systéme informatique selon I'une quelconque des revendications 14-17, comprenant un port couplé a un détecteur
de pression disposé dans le tubage endotrachéal d’un respirateur mécanique.

- Systeme informatique selon I'une quelconque des revendications 14-18, étant amené a déterminer une estimation
de I'eau pulmonaire extravasculaire (EVLW) comme :

EVIW =TTV —{TBYV,

EVLW étant I'eau pulmonaire extravasculaire.

- Systeme informatique selon I'une quelconque des revendications 14-19, étant amené a déterminer ledit ITTV
comme :

ITTV=CO - MTT,
CO étant le débit cardiaque et MTT étant le temps de transit moyen, indiquant le temps requis par ledit écart de

température pour se déplacer dudit premier emplacement (101) audit second emplacement (102).

- Systéme informatique selon I'une quelconque des revendications 14-20, étant amené a déterminer ledit GEDV
comme :

GEDV=CO - (MTT - DST),
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CO étant le débit cardiaque et MTT étant le temps de transit moyen, indiquant le temps requis par ledit écart de
température pour se déplacer dudit premier emplacement (101) audit second emplacement (102), et DST étant un
temps de décroissance de ladite courbe de thermodilution.

- Support de stockage (212) sur lequel un programme informatique est physiquement stocké pour déterminer le
volume sanguin intrathoracique (ITBV) et d’autres parametres cardio-vasculaires d’'un patient par des mesures de
thermodilution comprenant des instructions exécutables par un systéme informatique (104) pour amener ledit sys-
teme informatique (104) a:

(a) commander le moyen influengant la température (107) pour provoquer un changement initial de température
locale a proximité d’un premier emplacement (101) du systéme vasculaire (103) d’un patient, permettant ainsi
d’introduire dans le courant sanguin du patient un écart de température se déplagant ;

(b) enregistrer ladite température locale du sang du patient mesurée par un dispositif détecteur de température
(117) pour mesurer la température locale du sang du patient a un second emplacement (102) du systeme
vasculaire (103) du patient en aval dudit premier emplacement (101) en fonction du temps pour déterminer une
courbe de thermodilution ;

(c) déterminer le volume sanguin télédiastolique global (GEDV) du patient et le thermovolume intrathoracique
(ITTV) du patient a partir de ladite courbe de thermodilution ;

caractérisé par le fait que lesdites instructions comprennent des instructions pour amener ledit systéeme informa-
tique (104)
a déterminer le volume sanguin intrathoracique (ITBV) du patient selon la formule suivante :

TBV = {GEDV, ITTV, P},

ITBV étant le volume sanguin intrathoracique, GEDV étant le volume sanguin télédiastolique global, ITTV étant le
thermovolume intrathoracique, P étant une pression trachéale a l'intérieur de poumons du patient.

- Support de stockage (212) selon la revendication 22, dans lequel ladite fonction f(GEDV, ITTV, P) est choisie pour
étre :

HGEDV, TTV, P)=a -GEDV +b 4¢ - ITTV+d - P

a étant un parameétre dépendant de I'espéce, avec 1 <a <2

b étant un paramétre dépendant de I'espéce, incluant zéro

¢ étant un paramétre dépendant de I'espéce, avec ¢ <0

d étant un paramétre dépendant de I'espece, incluant zéro,

avec la restriction que c et d ne peuvent pas étre zéro simultanément.

- Support de stockage (212) selon la revendication 22, dans lequel ladite fonction f(GEDV, ITTV, P) est choisie pour
étre :

f (GEDV,ITTV, P) =—— v —GEDV) 5~ GEDV+b
d
(TTV.__ - GEOV_} P

a, b, c et d étant des paramétres dépendants de I'espéce, avec 1 < a/(ct+d) < 2, ITTVnorm, GEDVnorm et Pnorm
étant des valeurs normales empiriques de respectivement ITTV, GEDV et P.
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25. - Support de stockage (212) selon la revendication 22, dans lequel ladite fonction f(GEDV, ITTV, P) est choisie pour
étre :

7 a«GEDV
[cz (TTV - GEOV) + 1] . [az .

* (TTVrom - GEDVnorm)

{{TTV-GEDV) P
1 dt
1] tbae (ITTVnorm - GEDVnarm) raie Priorm
+

ITBV=

Pnom

a, b, c1, ¢2, d1, d2 étant des parameétres dépendants de I'espéce, avec 0,5 < a/(c2+1)(d2+1) < 10, ITTVnorm,
GEDVnorm et Pnorm étant des valeurs normales empiriques de respectivement ITTV, GEDV et P.

26. - Support de stockage (212) selon I'une quelconque des revendications 22-25, dans lequel lesdites instructions

comprennent des instructions amenant ledit systeme informatique (104) a déterminer une estimation de I'eau pul-
monaire extravasculaire (EVLW) comme :

EVIW =TTV -~ITBY,

EVLW étant 'eau pulmonaire extravasculaire.

27. - Support de stockage (212) selon I'une quelconque des revendications 22-26, dans lequel lesdites instructions
comprennent des instructions amenant ledit systéeme informatique (104) a déterminer ITTV comme :

ITTV=C0 - MTT,

CO étant le débit cardiaque et MTT étant le temps de transit moyen, indiquant le temps requis par ledit écart de
température pour se déplacer dudit premier emplacement (101) audit second emplacement (102).

28. - Support de stockage (212) selon I'une quelconque des revendications 22-27, dans lequel lesdites instructions
comprennent des instructions amenant ledit systeme informatique (104) a déterminer GEDV comme :

GEDV=CO ' (MTT - DST),

CO étant le débit cardiaque et MTT étant le temps de transit moyen, indiquant le temps requis par ledit écart de
température pour se déplacer dudit premier emplacement (101) audit second emplacement (102), et DST étant un
temps de décroissance de ladite courbe de thermodilution.
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