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7) ABSTRACT

A monitoring device for the circulation of a patient includes
sensors for recording data, an input unit for inputting patient
specific data and a connected a data recording and analysis
device configured to determine the right atrial pressure
(RAP), the mean arterial pressure (MAP) and the cardiac
output (CO) and to determine the mean systemic filling pres-
sure (Pms)and to determine the cardiac efficiency (Eh) there-
from. A device records a pressure value (Pps,char) character-
izing the pressure assistance during positive-pressure
ventilation. The data recording and analysis device is config-
ured to determine a pressure-corrected mean systemic filling
pressure (Pms ) and a pressure-corrected cardiac efficiency
(Eh,) by the difference from the right atrial pressure (RAP)
and the pressure value (Pps,char) characteristic of the pres-
sure assistance being used instead of the right atrial pressure

(51) Imt.Cl (RAP). A display device displays the pressure-corrected
A61B 5/00 (2006.01) mean systemic filling pressure (Pms,) and the pressure-cor-
A61B 5/029 (2006.01) rected cardiac efficiency (Eh,).
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MONITORING DEVICE FOR MONITORING
THE STATE OF THE CIRCULATION OF A
PATIENT AND COMPUTER PROGRAM
PRODUCT FOR THIS MONITORING

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a United States National Phase
Application of International Application PCT/EP2014/
002902 filed Oct. 29, 2014 and claims the benefit of priority
under 35 U.S.C. §119 of German Patent Application 102013
018366.9 filed Nov. 2, 2013 the entire contents of which are
incorporated herein by reference.

FIELD OF THE INVENTION

[0002] The present invention pertains to a monitoring
device for monitoring the state of the circulation of a patient
with sensors for recording data characterizing the current
state of circulation of the patient, an input unit for inputting
the person-specific data of the patient, a data recording and
analysis device connected to the sensors and the input unit,
which is set up to determine the right atrial pressure (RAP),
the mean arterial pressure (MAP) and the cardiac output (CO)
from the data characterizing the current state of circulation of
the patient and to determine the mean systemic filling pres-
sure (Pms) from the right atrial pressure, mean arterial pres-
sure and cardiac output and to determine the cardiac effi-
ciency (Eh) from the mean systemic filling pressure and from
the right atrial pressure (RAP) by means of linear combina-
tion with predetermined factors and with factors dependent
on the person-specific data and to display the currently deter-
mined mean systemic filling pressure (Pms) and the current
cardiac efficiency (Eh) as a current state in a system of coor-
dinates defined by the cardiac efficiency and the mean sys-
temic filling pressure on a display device.

BACKGROUND OF THE INVENTION

[0003] Such a monitoring device for monitoring and dis-
plaving the state of the circulation of a patient is well known
from WO 2009/094700 A1. The monitoring of the circulatory
function of patients is a central task in intensive care. The
monitoring involves the recording of various relevant param-
eters with sensors in order to derive variables therefrom such
as various blood pressure values, blood volume pulses, car-
diac output, heart rate, oxygen concentrations, etc. Physicians
or medical staff then have to get an idea from these variables
of whether the state of the circulation is within a physiologi-
cally normal range or whether the circulation is in a critical
state with possible malfunctions such that countermeasures
shall be taken. A countermeasure may be the administration
of additional volumes, e.g., infusion of saline solution, or the
administration of various drugs, e.g., of vasoconstricting or
vasodilating drugs, or of drugs which have an effect on the
activity of the heart. The physician or the medical staff must
decide which of the measures are to be taken and in which
direction on the basis of a larger number of variables related
to the state of the circulation because of predefined strategies
and empirical values.

[0004] These variables related to state of the circulation can
only be interpreted with difficulty in their entirety and in their
interaction such that the decision on taking therapeutic coun-
termeasures and the type of therapeutic countermeasures is a
complicated problem for the medical staff. For this reason,
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approaches have already been provided to derive variables
from the measured variables of the circulatory function and to
display them on a display device, which makes the state of the
circulation intuitively more easily recordable. Among other
things, it is suggested in the above-mentioned publication
WO 2009/094700 to determine the mean systemic filling
pressure Pms and the cardiac efficiency Fh as derived vari-
ables and display them in a system of coordinates with the
mean systemic filling pressure and the cardiac efficiency as
axes of coordinates. The system of coordinates does not have
to be a Cartesian system in this case, but rather may also be
implemented by two parallel, adjacent or otherwise shown
axes of coordinates, at which the current values of both vari-
ables are shown.

[0005] In the cited publication, the mean systemic filling
pressure Pms is derived by the following equation:

Pms=a"RAP+MAP+c-CO 1

in which a and b are predetermined factors and c is a factor,
which depends on person-specific data (e.g., age, height, gen-
der) in a predetermined manner.

[0006] In this case, the variable RAP is the right atrial
pressure, MAP is the arterial mean pressure and CO is the
cardiac output, a and b are predetermined, person-indepen-
dent factors, and factor ¢ is determined by a predetermined
dependence from person-specific data (e.g., age, height).
[0007] The cardiac efficiency is derived by the following
equation:

Eh_Pms—RAP_a-RAP+b-MAP+c-C0—RAP 2]
" Pms  a-RAP+b-MAP+c-CO

If the heart is working too weakly, the RAP value increases,
which leads to a decrease in the cardiac efficiency Eh. If the
heart stops beating, all pressures are essentially equal to the
mean systemic filling pressure Pms such that the cardiac
efficiency Eh drops essentially to 0. Further connections and
background are described in the article “Therapeutic Control
of the Circulation” by W. G. Parkin et al., Journal of Clinical
Monitoring and Computing 2008, 22:391-400.

[0008] It is also possible in this connection to display the
state values of the pair of values Pms and Eh at consecutive
points in time, e.g., as a sequence of points in a system of
coordinates so that the course of development of the state of
the circulation is visible.

[0009] An artificial ventilation with positive-pressure ven-
tilation must often also be carried out in patients in intensive
care units. It has been found that the monitoring of the state of
the circulation described in the introduction with determina-
tion of the mean systemic filling pressure and the cardiac
efficiency and the display thereof does not lead to satisfactory
and reproducible results in patients with positive-pressure
ventilation.

SUMMARY OF THE INVENTION

[0010] An object of the present invention is to create a
monitoring device for monitoring the state of the circulation,
with which consistent and reproducible results for the con-
sidered state variables of the circulation can also be achieved
in positive-pressure-ventilated patients. Further, a computer
program product shall be indicated which makes possible a
consistent and reproducible determination of the state vari-
ables, mean systemic filling pressure Pms and cardiac effi-
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ciency Eh, on a computer basis during the process on a data
recording and analysis device.

[0011] A device for recording a pressure value, which char-
acterizes the pressure assistance during the positive-pressure
ventilation, is present in the monitoring device according to
the present invention. This pressure value characterizing the
pressure assistance during positive-pressure ventilation is
abbreviated below as Pps,char. This characteristic pressure
value shall be an indicator of the mean pressure assistance and
may be a measured pressure value or a pressure value
received by a ventilator, set thereon or derived therefrom. The
data recording and analysis device is configured to record the
characteristic pressure value and to determine a pressure-
corrected mean systemic filling pressure (Pms,,) and a pres-
sure-corrected cardiac efficiency (Fh,) by using the differ-
ence from the right atrial pressure (RAP) and the pressure
value characteristic of the pressure assistance Pps,char
instead of the right atrial pressure (RAP) in the equations for
the determination thereof. This pressure-corrected mean sys-
temic filling pressure Pms,, and the pressure-corrected cardiac
efficiency Eh,, are displayed by the data recording and analy-
sis device as a current state in the system of coordinates on the
display device.

[0012] Ithas been found thata more accurate determination
of the actual state variables in the circulatory system is pos-
sible by including the pressure conditions in the respiratory
system. For this purpose, the pressure value characterizing
the pressure assistance shall be subtracted from the recorded
right atrial pressure RAP, since the recorded right atrial pres-
sure RAP in the circulatory system would otherwise be
assumed to be too high. It has been shown that the simple
subtraction of the right atrial pressure RAP that was recorded
by sensors minus the pressure characterizing the pressure
assistance leads to a pressure-corrected right atrial pressure,
which corresponds much better to the actual right atrial pres-
sure without positive-pressure ventilation.

[0013] Inapreferred embodiment, provisions are made for
the data recording and analysis device to be set up to deter-
mine the pressure-corrected mean systemic filling pressure
(Pms ) on the basis of the following equation:

Pms,=a*(RAP-0.76-Fps,char)+b-MAP=c-CO [3]
[0014] in which:
[0015] RAP is the right atrial pressure (mmHg)
[0016] MAP is the mean arterial pressure (mmHg)
[0017] CO is the cardiac output (I/min)
[0018] Pps,char is the pressure characterizing the pres-

sure assistance (mbar)

[0019] ais the predetermined factor (dimensionless)

[0020] b is the predetermined factor (dimensionless)

[0021] cis the person-specific factor (dyn-sec-cm™>-m?).
[0022] In the given equation, the characteristic pressure
Pps,char is subtracted with a factor of 0.76 since the pressure
values in the circulatory system traditionally are given in the
unit mmHg, but the pressure in the respiratory system as
Pps,char is given in mbar. Due to the factor of 0.76, the
different units are balanced such that the simple difference
from RAP and Pps,char is actually obtained if both pressures
RAP and Pps,char would be obtained in the same unit. It has
been shown that the complete subtraction of the pressure
Pps,char from the right atrial pressure RAP leads to the best
results.
[0023] In an advantageous embodiment, provisions are
made for the data recording and analysis unit to be set up to
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determine the pressure-corrected cardiac efficiency (Bh,)
according to the following equation:

[a-(RAP-0.76-Pps, char) +b- MAP + c¢-CO] - [4]
Eh < [RAP - 0.76 - Pps, char]
P a-(RAP=0.76- Pps, char)+ b- MAP +¢-CO

with the meanings of the variables given in the previous
formula.

[0024] The just indicated formula corresponds to the for-
mula already given above

Pms— RAP

Pms

in which the right atrial pressure RAP is continuously
replaced (even at the point, at which it occurs in Pms) with a
pressure-corrected value (RAP-0.76" Pps,char).

[0025] Inthe preferred embodiment, the device for record-
ing the pressure value characterizing the pressure assistance
is configured to record the positive end-expiratory pressure
PEEP as this characterizing pressure value Pps,char. The data
recording and analysis device is then set up to use the differ-
ence from the right atrial pressure RAP and the positive
end-expiratory pressure PEEP in each case rather than the
right atrial pressure RAP determined by sensors in the deter-
mination of the pressure-corrected mean systemic filling
pressure (Pms,) and in the determination of the pressure-
corrected cardiac efficiency (Bh,,), and especially to insert the
variable PEEP for Pps,char in the above-mentioned equations
for Pms, and Eh,. The positive end-expiratory pressure
(PEEP) 1s a pressure value advantageously characterizing the
pressure assistance since it reflects the mean increase in the
pressure level due to the positive-pressure ventilation and
thus is a good indicator of the pressure value in order to reduce
the recorded right atrial pressure RAP in the circulatory sys-
tem in order to have a corrected right atrial pressure enter into
the determinations of Pms,, and Ehp, which rather reflects the
actual state of circulation without positive-pressure ventila-
tion.

[0026] According to an advantageous embodiment, provi-
sions are made for the data recording and analysis device to be
set up to store the states of pressure-corrected mean systemic
filling pressure (Pms,) and pressure-corrected cardiac effi-
ciency (Bh,) as a function of time and to display the current
state from the current pressure-corrected mean systemic fill-
ing pressure (Pms,,) and pressure-corrected cardiac efficiency
(Bh,) together with the stored states at past points in time in
the system of coordinates in order to make the course of
development of the state visible. In this way, it is possible for
the staff to monitor in an intuitively easily recordable manner
whether countermeasures possibly taken have led to an
improvement in the state of the circulatory system. In particu-
lar, provisions may advantageously be made in this case for
the data recording and analysis device to be set up to display
the course of development as a state curve or trajectory (Pms,,
(1), Eh, (1)) with a time stamp in the system of coordinates.
The time stamp may occur, for example, along the trajectory
by indicating times along the curve.

[0027] According to another aspect, the present invention is
directed at a computer program product which is configured
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to control the data recording and analysis device on a com-
puter basis when said computer program product is being run
on the device such that the device performs the above-de-
scribed procedures of the monitoring device as modes of
operation of the data recording and analysis device.

[0028] The present invention is explained below on the
basis of exemplary embodiments in connection with the
drawings. The various features of novelty which characterize
the invention are pointed out with particularity in the claims
annexed to and forming a part of this disclosure. For a better
understanding of the invention, its operating advantages and
specific objects attained by its uses, reference is made to the
accompanying drawings and descriptive matter in which pre-
ferred embodiments of the invention are illustrated.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] In the drawings:

[0030] FIG.1isaschematic view of the display ofa display
device of a monitoring device according to the present inven-
tion for the state display for a patient; and

[0031] FIG. 2 is a schematic view showing a second
example of a state display for another patient.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0032] A male patient with the following data is considered
as the first example:
[0033] Patient: Male, 55 vears old, 178 cm, 76 kg (nor-
mal weight), acute lung failure after hemorrhage;
[0034] cardiac index 5.0 L/min./m2, heart rate 97 per
min., blood pressure 128/61 mmHg (MAP 81 mmHg),
RAP 15 mmHg;
[0035] controlled ventilation with a positive end-expira-
tory pressure PEEP of 15 mbar.
[0036] Thus, the following values were obtained for the
state variables by deriving the mean systemic filling pressure
Pms and the cardiac efficiency Eh without pressure correc-
tion, i.e., by using the formulas [1] and [2]:

[0037] Pms=26.01 (clinical evaluation: too high)
[0038] Eh=0.35 (clinical evaluation: low).
[0039] The pressure-corrected mean systemic filling pres-

sure Pms,, was subsequently determined with the formula [3]
and the pressure-corrected cardiac efficiency Eh,, was deter-
mined with the equation [4], which leads to the following
values for the pressure-corrected state variables:

[0040] Pms,=15.07 (clinical evaluation: too low)

[0041] Eh,=0.63 (clinical evaluation: good).

[0042] FIG. 1 shows a schematic view of the display of a
display device, in which the state variables are shown without
pressure correction (round mark) and the pressure-corrected
state variables (square mark) as points in a Cartesian system
of coordinates comprising the cardiac efficiency Eh and the
mean systemic filling pressure Pms. This example shows that
a markedly different evaluation results from the previous
derivation and display (without pressure correction). After
deriving the pressure-corrected state variables, the result is
obtained that the mean systemic filling pressure is actually
too low and the cardiac efficiency is actually good, which
produces the exact opposite of the evaluation of the state
variables without pressure correction and which requires
other countermeasures. The evaluation with the pressure-
corrected state variables Pms and Eh is actually very much
closer to reality and also corresponded to the evaluation of the
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clinician and is consistent with other measured hemodynamic
parameters (good heartbeat performance, normal blood pres-
sure, high performance of ejection, low RAP under PEEP)
such that a markedly improved recording of the state of cir-
culation due to the corrected state variables Pms, and Eh,, is
assumed.
[0043] Inanother example, the circulation of a patient with
the following data was monitored:
[0044] Patient: Male, 72 years old, 180 cm, 103 kg (over-
weight), acute lung failure after massive transfusion;
[0045] cardiac index 4.2 [./min./m2, heart rate 86 per
min., blood pressure 131/51 mmHg (MAP 71 mmHg),
RAP 14 mmHg;
[0046] assisted spontaneous breathing witha PEEP of 12
mbar.
[0047] Without taking the pressure assistance into consid-
eration, the following values are obtained for the mean sys-
temic filling pressure Pms and the cardiac efficiency Eh from
the right atrial pressure RAP, the mean arterial pressure MAP
and the cardiac output CO:

[0048] Pms=21.81 (clinical evaluation: adequate)
[0049] Eh=0.39 (clinical evaluation: low).
[0050] By carrying out the pressure correction, the follow-

ing pressure-corrected state variables are obtained again in
this example with the formulas [3] and [4]:
[0051] Pms,=13.05 (clinical evaluation: too low)
[0052] Eh,=0.63 (clinical evaluation: good).
[0053] Thegraphic representation of these state variables is
shown in FIG. 2 in a Cartesian system of coordinates with the
cardiac efficiency on the Y axis and the mean systemic filling
pressure on the X axis, and the derived values of the state
variables after conventional determination are shown with a
round symbol and the state variables determined according to
the present invention with pressure correction are shown with
a square symbol. It is also shown here that after taking into
consideration the pressure correction, a markedly different
evaluation of the state of the circulation of the patient is made:
Without pressure correction, the mean systemic filling pres-
sure Pms would be evaluated as adequate and the cardiac
efficiency Eh as too low, whereas after taking the pressure
correction into consideration, a markedly different evaluation
ofthe state of the circulation ofthe patient is obtained, namely
a pressure-cotrected mean systemic filling pressure, which is
evaluated as too low, and a pressure-corrected cardiac effi-
ciency Bh,, which is evaluated as good. This evaluation after
pressure correction also corresponded to the evaluation of the
clinician and is consistent with the other measured hemody-
namic parameters (good heartbeat performance, normal
blood pressure, high ejection performance, low RAP under
PEEP).
[0054] Itis consequently shown that a markedly more reli-
able recording of the state of the circulatory system of posi-
tive-pressure-ventilated patients is achieved with the moni-
toring device according to the present invention compared to
the state of the art.
[0055] While specific embodiments of the invention have
been shown and described in detail to illustrate the applica-
tion of the principles of the invention, it will be understood
that the invention may be embodied otherwise without
departing from such principles.

1. A monitoring device for monitoring the state of the
circulation of a patient:

sensors configured to record data characterizing the current

state of circulation of the patient;
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an input unit for inputting person-specific data of the
patient;

a data recording and analysis device connected to the sen-
sors and connected to the input unit and configured to
determine the right atrial pressure, the mean arterial
pressure and the cardiac output from the data character-
izing the current state of circulation of the patient and to
determine the mean systemic filling pressure from the
right atrial pressure, the mean arterial pressure and the
cardiac output and to determine the cardiac efficiency
from the mean systemic filling pressure and from the
right atrial pressure by means of linear combination with
predetermined factors and with factors dependent on the
person-specific data and to display the currently deter-
mined mean systemic filling pressure and the current
cardiac efficiency as a current state in a system of coor-
dinates defined by the cardiac efficiency and the mean
systemic filling pressure on a display device;

a pressure value recording device configured to record a
pressure value characterizing the pressure assistance
during positive-pressure ventilation, wherein:

the data recording and analysis device is further configured
to determine a pressure-corrected mean systemic filling
pressure and a pressure-corrected cardiac efficiency as a
function of a difference from the right atrial pressure and
the pressure value characteristic of the pressure assis-
tance being used; and

a display device displaying the pressure-corrected mean
systemic filling pressure and the pressure-corrected car-
diac efficiency as a current state in a system of coordi-
nates on the display device.

2. A monitoring device in accordance with claim 1,
wherein the data recording and analysis device is configured
to determine the pressure-corrected mean systemic pressure
(Pms,,) on the basis of the following equation:

Pms,=a-(RAP-0.76-Pps,char)+b-MAP=c-CO

in which:

RAP: is the right atrial pressure (mmHg)

MAP: is the mean arterial pressure (mmHg)

CO: is the cardiac output (L/min)

Pps, char: is the pressure characterizing the pressure assis-

tance (mbar)

a: is a predetermined factor (dimensionless)

b: is a predetermined factor (dimensionless)

c: is a person-specific factor (dyn-sec-cm™m?).

3. A monitoring device in accordance with claim 2,
wherein the data recording and analysis device is configured
to determine the pressure-corrected cardiac efficiency (Eh,)
according to the following equation:

[a-(RAP-0.76-Pps, char) +b-MAP+¢-CO] -
[RAP-0.76- Pps, char]

Eh, =
P~ a-(RAP-0.76-Pps, char)+ b- MAP+c-CO

4. A monitoring device in accordance with claim 1,
wherein the pressure value recording device for recording the
pressure value characterizing the pressure assistance Pps,char
is configured to record the positive end-expiratory pressure,
and the data recording and analysis device is further config-
ured to use a difference from the right atrial pressure and the
positive end-expiratory pressure in determining the pressure-
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corrected mean systemic filling pressure and in determining
the pressure-corrected cardiac efficiency.

5. A monitoring device in accordance with claim 1,
wherein the data recording and analysis device is further
configured to store the states of the pressure-corrected mean
systemic filling pressure and pressure-corrected cardiac effi-
ciency as a function of time and to display the current state
from the current pressure-corrected mean systemic filling
pressure and the pressure-corrected cardiac efficiency
together with the stored states at past points in time in the
system of coordinates, whereby a course of development of
the state is visible.

6. A monitoring device in accordance with claim 5,
wherein the data recording and analysis device is further
configured to display the course of development as a state
curve or trajectory with a time stamp in the system of coor-
dinates.

7. A computer program product for monitoring the state of
the circulation of a patient, wherein the computer program
product is configured to control the operation of a data record-
ing and analysis device on a computer basis when said com-
puter program product is being run on said data recording and
analysis device such that the data recording and analysis
device:

receives and stores data characterizing the current state of

circulation of the patient from sensors;

receives and stores person-specific data of the patient from

an input unit;

determines the right atrial pressure, the mean arterial pres-

sure and the cardiac output from the data characterizing
the current state of circulation of the patient and deter-
mines the mean systemic filling pressure from the right
atrial pressure, mean arterial pressure and cardiac output
and determines the cardiac efficiency from mean sys-
temic filling pressure and from the right atrial pressure
by means of linear combination with predetermined fac-
tors and with factors dependent on the person-specific
data and displays the currently determined mean sys-
temic filling pressure and the current cardiac efficiency
as a current state in a system of coordinates defined by
the cardiac efficiency and the mean systemic filling pres-
sure on a display device, wherein the computer program
product is further configured to control the operation of
the data recording and analysis device when said com-
puter program product is being run on said data record-
ing and analysis device, whereby:

the data recording and analysis device receives and stores a

pressure value characterizing the pressure assistance
during positive-pressure ventilation from a device for
recording this pressure value; and

a pressure-corrected mean systemic filling pressure and a

pressure-corrected cardiac efficiency are determined as
a function of a difference from the right atrial pressure
and the pressure value characteristic of the pressure
assistance being used and

displays the pressure-corrected mean systemic filling pres-

sure and the pressure-corrected cardiac efficiency as a
current state in the system of coordinates on the display
device.

8. A computer program product in accordance with claim
7, wherein the computer program product is configured to
control the data recording and analysis device when said
computer program product is being run on said data recording
and analysis device in order to receive a positive end-expira-
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tory pressure as a pressure value characterizing the pressure
assistance and in order to determine the pressure-corrected
mean systemic filling pressure on the basis of the following
equation:

Pms,=a:(RAP-0.76-Fps,char)+b-MAP=c-CO

in which:

RAP: is the right atrial pressure (mmHg)

MARP: is the mean arterial pressure (mmHg)

CO: is the cardiac output (I/min)

Pps,char: is the pressure characterizing the pressure assis-

tance (mbar)

a: is a predetermined factor (dimensionless)

b: is a predetermined factor (dimensionless)

c: is a person-specific factor (dyn-sec-cm™-m?).

9. A computer program product in accordance with claim
8, wherein the computer program product is configured to
control the data recording and analysis device when said
computer program product is being run on said data recording
and analysis device such that the data recording and analysis
device determines the pressure-corrected cardiac efficiency
according to the following equation:

a-(RAP-0.76- Pps, char) + b-MAP+ ¢-CO] -
0.76- Pps, ch b
[RAP -0.76- Pps, char]

Eh, =
4 a-(RAP-0.76- Pps, char)+ b- MAP+¢-CO

10. A computer program product in accordance with claim
7, wherein the computer program product is configured to
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control the data recording and analysis device when said
computer program product is being run on said data recording
and analysis device such that the data recording and analysis
device determines the pressure-corrected mean systemic fill-
ing pressure and the pressure-corrected using the positive
end-expiratory pressure as the pressure value Pps,char char-
acterizing the pressure assistance during positive-pressure
ventilation.

11. A computer program product in accordance with claim
7, wherein the computer program product is configured to
control the data recording and analysis device when said
computer program product is being run on said data recording
and analysis device such that the data recording and analysis
device stores the states of pressure-corrected mean systemic
filling pressure and pressure-corrected cardiac efficiency as a
function of time and displays the current state from the cur-
rent pressure-corrected mean systemic filling pressure and
the pressure-corrected cardiac efficiency together with the
stored states at past points in timein the system of coordinates
in order to make the course of development of the state vis-
ible.

12. A computer program product in accordance with claim
11, wherein the computer program product is configured to
control the data recording and analysis device when said
computer program product is being run on said data recording
and analysis device such that the data recording and analysis
device displays the course of development as a state curve or
trajectory with a time stamp along the curve in the system of
coordinates.
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