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Description
Background of the Invention

(1) Field of the Invention

[0001] The presentinvention relates to cardiac monitoring and telemedicine systems and, more particularly, to cardiac
monitoring systems which provide an analysis and display of one or more parameters relating to the condition of ischemic
patients.

(2) Description of the Related Art

[0002] A number of new dot dissolving agents presented by the pharmaceutical industry during the past couple of
years have given cardiologists the ability to immediately treat acute myocardial ischemia through chemical thrombolytic
therapy. However, itis frequently difficult to properly control and adjust such therapy during the acute phase of amyocardial
ischemia. Known methods are either expensive or have too large a delay (up to several hours) between the time of the
myocardial ischemia time and the presentation of the results.

[0003] Some cardiac monitoring systems and methods also utilize a known 12-lead electrocardiogram in which elec-
trocardiogram (ECG) signals are displayed directly on a monitor in real-time. Such a 12-lead ECG arrangement has the
disadvantages that a large number of electrodes must be placed on the patient in positions which cover mainly the frontal
parts of the myocardium. A large storage capacity is also required in order to record all the ECG signals from the
electrodes. However, many doctors are familiar with the format of the 12-lead ECG.

[0004] Further, the normal procedure in the case of serious illness is to transport the patient to a hospital for diagnosis
and treatment of the illness. However, it has proved to be advantageous to arrange for the nursing or ambulance staff
to carry out the diagnosis and to start the treatment already at the place of patient pick-up. Such an arrangement likewise
makes it possible to establish at an early stage whether a particular specialist competence and special equipment or
the like are required, whereafter the patient may be transported straight to the place where such competence, equipment
etcetera are available.

[0005] Such early diagnosis and treatment would be considerably facilitated, were the nursing staff given a possibility
to carry with them a portable telemedicine device adapted to register signals from ECG and vector electrocardiogram
(VCG) units and similar sensing equipment. A portable unit of this kind, which may be docked and thus be connected
to a stationary communications network (LAN), which allows connection thereto of external measurement equipment,
and which comprises a display device for visualization of the measurement results, is disclosed in U.S. Patent No.
5,375,604.

[0006] However, this prior-art device is merely a passive unit and it is designed for reception and visualization only of
signals from the measurement equipment. It cannot be used to establish active contact with and an exchange of infor-
mation between the patient-attending staff and other individuals, a possibility which could be helpful in the diagnosis
procedure as well as for the implementation of correct treatment measures. This is true particularly in the case of the
above portable unit when used un-docked, in which case there is no communication with other equipment.

[0007] Furthermore, U.S. Patent No. 5,441,047 describes a system according to which selected data on the patient
is collected automatically, whereupon said data are forwarded via a stationary telecommunication network, such as a
cable television network, to a centre where the diagnosis, monitoring or similar operations may be performed. The
referred-to equipment is not, however, portable and in addition it comprises a plurality of independent components, and
consequently this equipment is not adapted for ambulatory use and positioning onboard e.g. an ambulance. Nor is it
adapted for active exchange of information between the nursing staff by the patient’s side and the personnel at the
central unit.

[0008] In addition, there is a need for message exchanges between the nursing staff by the patient’s side and the
personnel at the central unit as well as for possibilities of filling in certain types of pre-defined forms, such as patient
case record files, already in the initial stage by the patient’s side. These needs are not met in the prior-art devices.
[0009] European Patent Application published as EP 0 711 531 A1, addresses some of these issues by describing a
cardiac monitoring method and system which provides means to perform calculations on ECG signals to obtain parameter
values relating to myocardial ischemia and infarction. ECG signals are averaged to form a standard waveform, which
is used to determine ECG parameter values continuously and in real-time. The results of each analyzed time interval is
presented in a trend graph on a monitoring display.

[0010] In addition, it would be desirable to enter data manually and preferably by one hand only, in a convenient, rapid
and simple manner. It likewise would be desirable, to construct the entry means sufficiently small so as not to make the
portable equipment unnecessarily bulky and unmanageable.

[0011] Furthermore it would be advantageous to detect and analyse episodes (when a number of the trend data either
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increases over an upper threshold or decreases below a lower threshold).
Summary of the Invention

[0012] Aspects of the invention are set out in the accompanying claims. In particular, the present invention constitutes
a substantial improvement in cardiac monitoring systems, and an improvement in cardiac monitoring systems providing
an analysis and display of parameters relating to the condition of ischemic patients.

[0013] A myocardial analysis and monitoring method comprises steps of receiving a number of ECG signals relating
to a heartbeat of at least one patient, converting the received number of ECG signals into three perpendicular ECG
signals, determining an average heartbeat from the ECG signals, calculating a plurality of parameters related to a
condition of each patient from the number of ECG signals, storing information representative of a value of the plurality
of parameters related to the condition of each patient in storage, repeating the steps of determining the average heartbeat,
calculating the plurality of parameters and storing said information for as long as ECG signals continue to be received
or until the storage is full. At least a portion of the stored information is displayed as a graphical display, the graphical
display representing a trend of at least one of the plurality of parameters. The displayed trend of the at least one of the
plurality of parameters can be analyzed and at least one result of the analysis displayed.

[0014] The analyzing step may include detecting episodes, each episode comprising a predetermined number of trend
values above a predetermined upper threshold level or below a predetermined lower threshold level occurring within a
predetermined period of time of each other. The number of detected episodes can be displayed.

[0015] The analyzing step may include detecting an amount of time for a parameter to decline from a maximum value
to a predefined value and displaying the detected amount of time. The detected amount of time may begin at a start of
a patient therapy.

[0016] The analyzing step may include detecting an amount of recovery of a parameter at a predetermined time and
displaying the detected amount of recovery.

Brief Description of the Drawings
[0017]

Fig. 1 is a graphical representation illustrating the QRS-VD parameter.

Fig. 2 is a graphical representation illustrating the ST-VM parameter.

Fig. 3 is a graphical representation illustrating the STC-VM parameter.

Fig. 4 is a flowchart depicting the manner in which three perpendicular leads (X, Y, and Z) are produced in a preferred
embodiment of the invention.

Fig. 5 is a flowchart showing the initial steps in the analysis and monitoring used in the preferred embodiment of
the invention.

Fig. 6 is a flowchart depicting the manner in which the averaged beat, represented by the averaged X, Y and Z
leads, undergoes advanced calculations to determine parameters describing the condition of the ECG.

Fig. 7 is a diagram illustrating elements of the system in a first embodiment of the invention.

Fig. 8 is a block diagram graphically illustrating the connection of the central workstation to other components of an
apparatus employing the invention.

Fig. 9 is a diagram showing the top part of a graphical interface display which appears on the central workstation
of a system employing the invention.

Fig. 10 is adiagram showing an example of the display format used for monitoring each patient on a central monitoring
unit.

Fig. 11 shows the front face of a bedside monitor used in a first embodiment of a system employing the invention.
Fig. 12 shows the frontface of an acquisition module used in another embodiment of a system employing the invention.
Fig. 13 shows the overall input/output possibilities in an apparatus employing the invention.

Fig. 14 shows an example of a single page printout, having a plurality of ECG signals printed under each other,
produced by the invention.

Fig. 15 shows a the display of a patient’s torso on a display device along with electrode status indicator lights and
annunciator means.

Fig. 16 shows the placement of a 3-lead electrode leadset on a patient’s torso.

Fig. 17 shows the placement of a 3-lead electrode leadset on a patient’s torso for paced patients.

Fig. 18 shows the placement of a 3-lead electrode leadset on an infant.

Fig. 19 shows the placement of a 4-lead electrode leadset on a patient’s torso.

Fig. 20 shows the placement of a 4-lead electrode leadset on a patient’s limbs.

Fig. 21 shows the placement of a 5-lead electrode leadset on a patient’s torso for monitoring.
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Fig. 22 shows the placement of a 5-lead electrode leadset on a patient’s torso for holter recording.

Fig. 23 shows the placement of a 5-lead electrode leadset on a patient according to the EASI leadset.

Fig. 24 shows the placement of a 7-lead electrode leadset on a patient’s torso for late potential analysis.

Fig. 25 shows the placement of an 8-lead electrode leadset on a patient’s torso according to Frank.

Fig. 26 shows the placement of a 10-lead electrode leadset on a patient’s torso to get true 12-lead ECG (RA and
LA may be placed on arms, RL and LL further down on legs).

Fig. 27 is a schematic view of a system comprising a portable telemedicine device in accordance with the invention.
Fig. 28 is a view of a preferred embodiment of the portable telemedicine device of Fig. 27.

Fig. 29 illustrates a first example of a display layout intended for use together with the device of Fig. 28.

Fig. 30 illustrates a second example of a display layout intended for use together with the device of Fig. 28.

Fig. 31 illustrates another example of a display showing analyzed results.

Fig. 32 illustrates another example of a display showing analyzed results.

Detailed Description of the Preferred Embodiments

[0018] The system of afirst embodiment of the invention is shown in Fig. 7. It consists of at least one central monitoring
unit 10, a central workstation 11 for controlling the system, including the display on the central monitoring unit(s), and
for storing data, a laser printer 12 and a plurality of bedside monitors 13, one for each patient. All of the units communicate
via a network such as an Ethernet network 14.

[0019] Processing functions are divided between central workstation 11 and each bedside monitor 13. The distributed
intelligence ensures maximum system reliability and offers both powerful traditional monitoring and advanced ischemia
monitoring.

[0020] Each of the bedside monitors 13 combines multilead arrhythmia analysis with new, advanced ischemia mon-
itoring features and does all the calculations for the ECG analysis, presents the information on the display and transmits
itover Ethernet network 14 to a central processing unitin the workstation 11. Further, the bedside monitors 13 continuously
store the three perpendicular leads, X, Y and Z, which can be used to study past events such as arrhythmia events. The
past events which can be studied are from the 12-lead and/or VCG in on-line mode, that is when the patient is connected
to the system, or in review mode, that is when the patient is disconnected and discharged from the monitoring system.
Figure 12 shows the front face of an exemplary bedside monitor 13. In addition to the ECG analysis, each bedside
monitor 13 is also available with a number of options, such as non-invasive blood pressure, pulse oximetry, dual invasive
pressures and dual temperatures, and is operated simply by touching the self-instructive menus on the front of the
monitor. Analogue ECG outputs on the back of the bedside monitors 13 allow connection to other medical equipment.
[0021] Eight ECG leads are used for improved sensitivity of the analysis of both arrhythmias and ischemia. With
information from all eight leads, the ischemia analysis is able to reflect ischemic changes from the entire myocardium.
The ischemic evolution over time is presented in a trend graph that is continuously updated on the display. The trend
graph may include up to 8 days of continuous monitoring. With four traces and a trend graph, a waveform may be
displayed for every physiological parameter in addition to the vital trend graphs. (For patients without ischemic symptoms,
4 leads can be used for monitoring.)

[0022] The averaged beats in the form of the X, Y and Z leads are automatically calculated and stored every minute.
From these signals a derived 12-lead ECG may be reviewed on the bedside monitor at any time during the monitoring
session.

[0023] The central workstation can automatically identify up to six different functions (MIDA, HR/PVC, spo?, NIBP,
IBP and Temp for example) in each bedside monitor and all of the physiological information acquired by the bedside
monitors can be transferred for examination and storage at the workstation. The monitoring functions controllable by
the central workstation will thus vary depending on the configuration of the bedside monitors connected to the central
workstation. For example, central workstation 11 may provide conventional ECG monitoring, arrhythmia monitoring,
ischemia monitoring with parameters reflecting the ECG changes in clear trend graphs, averaged derived 12-lead ECG
display, 24-hour full disclosure arrhythmia of all monitored patients, 24-hour continuous 12-lead ECG display derived
from the continuously stored X, Y, and Z leads for all monitored patients and monitoring of any and all non-ECG functions
monitored on the bedside monitors such as spo2, NIBP, BP and Temp.

[0024] The central workstation preferably is a networking personal computer operating with specialized menu-driven
applications software. An exemplary connection of the central workstation to other components is shown in Fig. 8 and
an exemplary illustration of the functions which may be performed is shown in Fig. 13. The central workstation provides
a straightforward and simple user interface operated through the selection of "keys" in a graphical display. Each key
has an instructive text or symbol describing the function of the key. A mouse (or other pointing device) is used to point
to and select a desired key. (In the examining functions, the mouse is also used to point out the ECGs to be enlarged,
etc.) The surface of a key normally is grey. However, active keys are yellow and void keys that cannot be accessed are
dark grey.
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[0025] Fig. 9 shows anexample of theinitial menu displayed in an upper portion of the display in a preferred embodiment
of the invention. There are two rows of keys. The keys in the top row are labeled with numbers corresponding to each
one of a number of patients, System, Signal Status and Stored Patients. The lower row of keys preferably contains key
commands for examining a patient file. For example, the keys may be labeled as Patient Info, Alarm, Report, Trend,
ECG & VCG, Arrhythmia Events, ECG MIDA, ECG Review, All Leads and Setup. The keys are used to select and control
all functions, both on the central monitors and on the workstation itself.

[0026] Signal status messages are displayed on the display of the workstation if no central monitor is in use. (Otherwise,
signal status messages are always displayed on the central monitor.) A red patient key is used to indicate that something
is wrong, that there is bad signal quality or problem with the analysis or other errors. If so, the reason may be seen in
the Signal Status function. A crossed over key is used to indicate that the analysis has paused. The actual message for
a specific patient is then displayed to the right of the patient name in the upper part of the workstation display.

CENTRAL MONITORING UNITS

[0027] All parameters available to the central workstation may be displayed as trend graphs on one or more central
monitoring units 10. The central monitoring unit(s) 10 display the "live" situation of a plurality of patients simultaneously.
The central monitoring units are preferably large (e.g., 17- or 21-inch), high-resolution computer monitors such as that
shown in Fig. 7. Software display drivers in the workstation utilize high resolution graphics and the display preferably is
at least 1024 x 768 pixels resolution. The monitors may continuously and simultaneously monitor ECG waveforms, vital
parameters, alarms and vital ischemia trendings for each of a number of patients.

[0028] Arrhythmia alarms are presented in red letters on the displays and a 24-hour full disclosure arrhythmia review
function offers complete control and documentation of all arrhythmias. The central monitoring unit(s) 10 also enable
examination of derived 12-lead ECGs of every minute monitored. All other functions are displayed and controlled on the
workstation.

[0029] The information onthe monitors is fixed in order to always present the current status of all patients. All interactive
functions and examination of patient data which appears on the monitors is controlled from the workstation. The left half
of the monitor screen presents conventional monitoring including heart rates and patient information, waveforms, ar-
rhythmia alarms and optional vital signs while the right-hand side presents the ischemia trends. The graphs display the
ischemic evolution of each monitored patient starting from a designated time, such as the patient’s admission. The
graphs are continuously updated to always include the most recent values. Up to six patients may be monitored on each
display. When more than four patients are monitored, additional monitors may be used. The network 14 allows the
selection of any two waveforms from each bedside patient monitor to be displayed on the central monitor. The waveform
selected to be displayed on the central monitor need not be the same waveform selected for display on the corresponding
bedside monitor 13. An example of a trend graph displayed on the central monitor for a single patient is shown in Fig.
10. The signal status and MIDA messages are identical to the ones displayed in the Signal Status overview of the display
for the central workstation discussed later.

[0030] The content of the display of a respective patient on the central monitors (leads, filters, size and speed) is
selected by central workstation 11 in the manner described below. The same information is always displayed at the
same location in the display for improved functionality. The left side of the display contains bed number 101, patient
name 102, heart rate 103, pacemaker information 104 and signal status message 105. The right side of the display
contains trend graph(s) 106 and MIDA recording status message 107.

[0031] A patient is chosen for monitoring by clicking the number key corresponding to the patient in the top row of
keys on the Workstation.

[0032] The Setup Menu key is selected to adjust the patient’s display. If the Monitored ECG Lead key of the Setup
Menu is selected, then a picture is displayed which contains the waveform for each of the patient leads along with a
respective corresponding key, as well as keys for selecting the filtering, curve size and sweep speed of the displayed
waveforms. If waveforms other than ECG leads, such as Spo2 and PA pressure, are monitored, then these appear in
the display as well and are controlled in the same manner as the ECG leads. The primary waveform to be displayed on
the central monitor is selected by clicking the corresponding key.

[0033] The setup menu in the first embodiment displays three filter keys which enable the displayed waveform to be
filtered for improved visual impression. The first key, "None", displays the waveform unfiltered. The second key is labeled
"0.05-100 Hz" and gently filters the curve from baseline variations below 0.05Hz and noise above 100Hz. The third key
is labeled "0.5-40 Hz" and filters the displayed curve from baseline variations below 0.5Hz and noise above 40Hz. The
setup menu in the preferred embodiment also displays three ECG size keys which set the size of the displayed waveform.
When the "Auto" key is selected, the size of the displayed curve is continuously adopted to fill two thirds of the height
available for the curve. The adoption is very slow so that if the original amplitude of the curve slowly decreases (maybe
due to necrosis), the automatic adoption may result in an unaffected curve on the monitor. The "10 mm/mV" key sets
the amplitude of the displayed curve to 10mm/mV. The "20mm/mV" key sets the amplitude of the displayed curve to 20
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mm/mV.

[0034] All curves on the central monitor have the same speed. The speed may be set to 25 mm/sec or 50 mm/sec via
selection of the appropriate key.

[0035] For all patients, a second monitoring curve (additional ECG, pulseoximetry or pressure) may also be selected
for display in addition to the primary curve. This function is controlled by selection of a key marked "On/Off" which appears
under the header "2nd wave" in the setup menu display. Selecting the On/Off key activates the second curve. A key
marked "Wave 1" is selected to enable control of the upper curve (lead, filter, etc.). A key marked "Wave 2" is selected
to enable control of the lower curve.

[0036] The Patient Info key allows inputting of the patient’s name, ID, original symptoms and physician comments.
The information is entered on respective lines using the keyboard in typewriter fashion and then pressing the enter key.
The Patient Info menu also contains a Pacemaker key which is selected to indicate that the patient has a pacemaker.
[0037] The menu also has an Add note feature which permits the entering of notes and observations at the workstation
at any time. When the Add note key is selected, a field is opened at the bottom of the display, the time is automatically
displayed, and the Add note key is changed to a save note key. The text of the note is entered and edited using the
keyboard.

[0038] The note is saved by clicking on the Save Note key. If the patient’'s waveforms are stored for subsequent
analysis, the system stores all notes as well. They may be reviewed and printed on paper at any time.

[0039] The Patient Info menu is closed by selecting either a Save Patient Info key or a Cancel key. When a patient is
discharged from the bedside monitor, the central workstation stores all recordings, including 24-hour full disclosure
arrhythmia, by default until the storage capacity is needed for new recordings. When capacity is full, the oldest recordings
will be erased automatically.

[0040] Once the patient has been entered into the system as described above and the display for the central monitor
has been formatted as described above, the system then commences on-line myocardial ischemia dynamic analysis
and monitoring (MIDA) for treating patients with myocardial infarction, unstable angina or when monitoring patients
during and post-PTCA.

[0041] Based on the electrical signals from eight ordinary surface ECG electrodes placed according to Frank, three
perpendicular leads (X, Y, and Z) are produced in the manner shown in Fig. 4. The method used in the system permits
ischemia monitoring based on Frank leads, analyzing the X, Y, and Z signals to achieve unique parameters, such as
ST-VM, QRS-VD and STC-VM, which are displayed in a trend chart.

[0042] When monitoring starts in the manner shown in Fig. 5, beats undergo a morphological classification and a
morphologic template is defined. If a beat fits the morphologic template, a match template is built, such by selecting a
normal ECG beat to serve as the template. Beats are compared to the match template to determine which beats are
"normal” beats that should be included in the analysis and which beats should be excluded from the MIDA analysis.
During the remainder of the analysis, the three leads X, Y and Z are continuously scanned for "normal" beats. When a
normal beat is found, it is matched and included in an average of the acquired normal beats formed at even time intervals,
preferably every minute provided that the quality of the signal is sufficient. The ECG from the first average beat is referred
to as the Reference Complex and used as a reference to which the ECGs from all subsequent beats are compared to
see the relative change over time.

[0043] At even time intervals between a range of 10 seconds and 4 minutes, the averaged beat, represented by the
averaged X, Y and Z leads, undergoes advanced calculations as shown in Fig. 6 to determine one or more parameters
up to thirty different parameters describing the condition of the ECG. The parameters are stored in addition to the 5
averaged ECG itself.

[0044] There are two kinds of parameters: absolute and relative. Absolute parameters are calculated from the actual
ECG complex itself. Relative parameters are calculated from the difference between the current ECG complex and the
initial reference complex to reflect serial changes over time.

[0045] The following are examples of absolute parameters: QRSmax, QRSmean, ST-VM, ST-VM2, X-ST, Y-ST, Z-
ST, QRS-SpA, HR, QRtime, QStime, QTtime, RRtime, T-VM, T-Az, T-El, X-ST, Y-ST, Z-ST and Abnorm.

[0046] QRSmax (mV) is the maximum magnitude within the QRS-complex.

[0047] QRSmean (mV) is the mean magnitude of the ECG-vector during the time ranging from QRS onset up to QRS
end of the initial QRS-complex.

[0048] The ST vector magnitude (ST-VM) measures the total offset of the ST-segment and is commonly accepted as
a measure of ischemia in the myocardium during ischemia. It is measured in every averaged beat, 60 milliseconds after
the J point (the end of the QRS complex). The values from the X, Y and Z leads are fed into the formula:

ST-VM = Sqrt(ST,” + ST,” + St,%) (1)
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and the resulting ST-VM value is plotted in the trend graph. The way the formula is constructed, an ST elevation in one
lead does not neutralize an ST depression in another lead. Both elevations and depressions are detected simultaneously.
See Fig. 2. Since the ST segment is measured in both the X, Y and Z leads, it provides one ST measure that covers
the entire heart.

[0049] ST-VM2 (mV)is the ST vector magnitude 20ms after the J point.

[0050] X-ST (mV) is the ST level in the X lead 60 ms after the J point.

[0051] Y-ST (mV)is the ST level in the Y lead 60 ms after the J point.

[0052] Z-ST (mV) is the ST level in the Z lead 60 ms after the J point.

[0053] QRS-SpA (nanV?2) is the area in the space drawn by the ECG-vector from the point of the initial QRS onset to
QRS end. HR (beats per minute) is the mean value of the heart rate during the MIDA interval.

[0054] QRtime (ms) is the time between QRS onset and the maximum magnitude of the current complex.

[0055] QStime (ms) is the time between QRS onset and QRS end of the current complex.

[0056] QTtime (ms) is the time between QRS onset and the maximum magnitude within the T wave of the current
complex.

[0057] RRtime (ms) is the mean value of the RR intervals during the averaging period.

[0058] The T vector magnitude (T-VM) measures the maximum magnitude within the T-wave of the current complex
in mV. The ECG-vector in this point is called the T-vector.

[0059] T-Azis the angle of the T-vector in the transversal plane, 0 to 180 degrees from sinister to dexter, and positive
if anterior and negative if posterior.

[0060] T-Elis the angle of the T-vector from the vertical axes, 0 to 180 degrees from dist to cranium.

[0061] Abnorm is the number of abnormal beats during the averaging period. All beats that are not classified into the
reference class are labeled abnormal.

[0062] The change of the ST magnitude compared to when monitoring was started (STC-VM) is also calculated as
shown in Fig. 3. The ST differences are fed into the formula:

STC-VM = Sqrt (STC,® + STC,? + STC;?) (2)

[0063] The following are examples of relative parameters: QRS-VD, QRSI-VD, QRSA-VA, QRSC-VM, STC-VA, STC-
VM, TC-VA and TC-VM. The QRS vector difference (QRS-VD) measures changes in the QRS complex compared to
the initial ECG and reflects the change in morphology of the QRS complex caused by, e.g. necrosis and temporary
ischemia compared to when monitoring was started. The complex is compared to the initial QRS complex and the arial
difference (A, in Fig. 1) is calculated in the X, Y and Z leads. The values are fed to the formula:

QRS-VD = Sqrt (A’ + A~ + A7) (3)

and the resulting QRS-VD is plotted in the trend graph.

[0064] QRSI-VD (mVs) is the initial QRS vector difference which is the same as for QRS-VD except that the areas
Ay Ay and A, range from QRS onset of the initial QRS complex and 40 ms forward.

[0065] QRSC-VA is the QRS vector angle change and represents the change in the angle between the current and
initial QRS vectors.

[0066] QRSC-VM (mV) is the QRS vector magnitude change and represents the distance between the initial and
current QRS vectors.

[0067] STC-VAis the ST vector angle change and represents the change in the angle between the initial and current
ST vectors.

[0068] STC-VM (mV) is the ST vector magnitude change and represents the distance between the initial and current
ST vectors.

[0069] TC-VA is the T vector angle change and represents the change in the angle between the initial T-vector and
the current T-vector.

[0070] TC-VM (mV) is the T vector magnitude change and represents the distance between the initial and current T-
vectors.

[0071] Selected ones of the relative and absolute parameters describing the course of the ischemia may be chosen
for display and plotted in a trend graph. The three most common are the QRS-VD (morphological changes) and ST-VM
(st-measurements) and STC-VM (st changes).

[0072] The averaged ECG that is stored at the end of each time interval contains the values for each of the X, Y, and
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Z leads. Since the X, Y, and Z contains all information of the ECG, it may also be used to calculate a full 12-lead ECG
in real time using a known algorithm. This way, the preferred embodiment may also continuously display a calculated
averaged 12-lead ECG for every minute during the entire monitoring period of up to 48 hours in the format of a 12-lead
ECG on central workstation 11. Based on the continuously stored X, Y and Z leads, a continuous calculated 12 lead
ECG could also be displayed next to a chart with the occurrence of arrhythmias over a selectable range of hours marked
as colored bars. The preferred embodiment may also produce a single page printout with a plurality of 12-lead ECG
signals printed under each other. See, for example, Fig. 14. The MIDA trends for each patient may be examined in detail
one at a time on the workstation display. The trends of all patients may be monitored continuously on the central monitor
using the format shown in FIG. 10. The parameter information can be processed using one or more of the processor
capabilities available in central workstation 11 and/or bedside monitor 13. Analysis of the trends, as will be described
below, can also be performed at central workstation 11 and/or bedside monitor 13, with the results of analysis being
displayed at monitor 10 and/or monitor 13.

[0073] Depending on the amount of memory provided, the MIDA recording may last, for example, only approximately
48 hours at one-minute intervals. After that, the memory is full and the recording is automatically stopped. Below is an
exemplary chart comparing MIDA time intervals to maximum length of the recording.

MIDA Time Interval Maximum Length of Recording

10 seconds 8 hours

15 seconds 12 hours

30 seconds 24 hours

1 minute 48 hours (two days)
2 minutes 96 hours (four days)
4 minutes 192 hours (eight days)

The arrhythmia full disclosure works differently, always keeping the most recent 24 hours in memory.

[0074] The setup menu contains a MIDA Relearn key to control the MIDA method. When the MIDA Relearn key is
selected, the workstation display shows the latest ECG signals acquired with beat labels (beat labels are updated
approximately 30 seconds). Every detected QRS complex is labeled with an "M" if it is recognized as a MIDA type of
beat (matches the MIDA template). The present MIDA Reference Complex is displayed to the left of the 20 waveforms
as scaler X, Y and Z leads. This is the actual, initial, averaged beat to which all subsequent beats will be compared when
calculating the relative trend parameters.

[0075] The system provides a Restart MIDA key in the MIDA setup display for beginning the process over again. If
the Restart MIDA key is selected, a warning message is displayed with options to cancel (No/Cancel) or proceed (Yes).
Then a message "Selecting MIDA template, please wait for 20 seconds" is displayed with an option to cancel.

[0076] If the process is not cancelled, a suggested new template is displayed in a square for consideration by the user
along with three keys for selection. If the Yes key is selected, the entire previous MIDA recording is erased, the suggested
template is accepted and the method is restarted. The display is reset, but with no MIDA Reference Complex displayed,
since no new Reference Complex has yet been formed. If the No key is selected, the template selection procedure is
restarted and a message asking the user to wait for 20 seconds is displayed.

[0077] The MIDA system also includes a "MIDA Relearn" feature, the steps of which are identical to the Restart MIDA
command described above except that the previously recorded and stored data is not erased.

[0078] This feature is appropriate when the MIDA analysis is no longer capable of tracking the ECG. MIDA relearn
will find a new template for including ECG complexes in the analysis. (ECG changes always refer to the initial, reference
ECG))

[0079] The system also permits the user to review the MIDA Signal Status 107 included in the display, shown in FIG.
10, for each patient. The signal status for all patients is displayed in a Signal Status table when the Signal Status key
in FIG. 9 is selected. Below is a list of different possible MIDA signal status messages in order of priority. The line with
message of highest priority is indicated with a red background.

1) No MIDA Recording possible with current patient cable. An 8-lead cable is needed for the MIDA recording. If a
5-lead cable is in use, this message is shown.

2) MIDA Recording Ended. The MIDA Recording may last for a maximum of 48 hours with one-minute intervals.
When the memory is full, the recording is automatically stopped and this message is shown.

3) No MIDA Recording due to Spikes on signal. A signal spike is a very short disturbance of considerable signal
strength. The origin of the disturbance may be pacemaker spikes, bad - lead wires or electromagnetic radiation from
other equipment. The system will automatically turn the spike filter off if the patient has got a pacemaker, as indicated
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in the Patient Info function.

4) No MIDA Recording due to Noisy Signal. Noise may be caused by many reasons. Bad patient electrode connection
may be one reason. Line disturbances from other equipment close to the patient cable may be another.

5) No MIDA Recording due to Baseline Drift. If the baseline drift is too big, this may distort the ECG. To present
this, the MIDA Recording is halted. (Baseline drift is a variation in the offset voltage)

6) No MIDA Recording due to lead fail. One of the ECG leads is not working properly.

7) No MIDA Recording due to no reference type of beats. This message is active if the minimum number of reference
type of beats was not received during the previous MIDA interval.

[0080] In another embodiment of the invention shown in Fig. 15, a graphical depiction of at least part of the patient
150 is provided and status signal lights 152 corresponding to each electrode connected to the patient are disposed on
the graphical depiction 150. Further, status annunciator means 154 corresponding to each electrode, which may provide
alphanumeric output, may be provided for indicating the status of each electrode. The status of each electrode (whether
a MIDA test is being done or not) may be one of conditions 3, 4, and 5 discussed above, for example. In addition, the
status annunciator means may indicate that an electrode has failed, is not properly connected to the body, or in fact has
even fallen off, which conditions are manifested as a high electrode impedance. Further, the impedance itself may be
displayed by the status annunciator means. The status signal lights may blink to call attention to the status annunciator
means and to pinpoint to which electrode(s) the information conveyed by the status annunciator means are directed.
The display may be any suitable means, such as a CRT (color or monochrome), active LCD (TFT), passive LCD (SDN),
plasma, electroluminescent (EL), or ferro LCD, for example. The display may also be produced by a projector.

[0081] The system may also utilize a back position sensor. Since the heart is relatively mobile in the chest, it is only
natural that it changes position within the chest when the patient changes position in the bed, e.g. from lying on the back
to lying on the side. Since the electrodes record the electrical activity on the surface of the chest, the movement results
in a change in the ECG. The influence of this change affects each of the MIDA parameters differently. Since ST-VM
measures the strength of the ST deviation, regardless of direction, it is less sensitive than other "ordinary" ST measure-
ments. The parameter QRS-VD is, however, very sensitive to these changes. A back position sensor makes it possible
to tell if a change in the trend was caused by change of body position or not.

[0082] The Back Position Sensor connects to the junction block of the 8-lead ECG cable. The information from the
back position sensor is recorded and displayed on a separate line below the trend graph. This line may have three colors
indicating the following states:

Color State

Green On Back
Yellow Not On Back
Grey No Trend available

[0083] The MIDA trend may be displayed on the central monitor as described previously. The Trend key also arranges
for the picture to be displayed on the display of the workstation for review.

[0084] Keys appear to the left allowing the user to select what trend will be displayed. These keys may be labeled
MIDA and HR/PVC. Up to four different trend curves may be displayed in the trend graph. To be able to tell the curves
apart, they are displayed in different colors. The name of each trend curve is also written over the graph in the same
color as the curve itself.

[0085] The system provides a cursor, controlled by the mouse, in order to, for example, mark points of special interest.
(If points of special interest are marked in the trend curve, they may be of assistance when examining the corresponding
12-lead ECGs.) By pointing and clicking in the trend, the cursor is moved to the desired time. Alternatively, the cursor
may be moved step by step by pressing the right and left arrows under Cursor labels on the bottom of the display of the
trend graph. The system displays time of the trend graph corresponding to the position of the cursor on the top of the
graph, both as time of day and time since admission. The system also displays the exact values of the parameters to
the left and to the right of the time.

[0086] Points are marked by placing the trend cursor at the desired time and selecting the check key which is displayed
between the arrows under the Mark label to the right under the graph. When the trend cursor is placed on a marked
time, the system turns the check key to yellow.

[0087] The user can jump directly between separately marked times by selecting the right and left arrows under the
Mark label. The system unmarks a time whenever the user presses the check key again.

[0088] The system also permits the user to change the parameters in the trend graph. (Users normally select the
QRS-VD and ST-VM®6 parameters for display in the trend graph. The MIDA analysis includes thirty parameters that are
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continuously calculated and stored.) The MIDA trend display contains keys under the Trend parameter label which select
the axis to be affected (Le1 = Left one, Le2 = Left two, etc.). A table of different parameters will then be displayed in
response to the selection of an axis. The user then selects the key of the desired new parameter to be trended. A Return
key is selected to return to the graph.

[0089] The system further permits adjustment of the timescale of the trends to include the most interesting parts of
the trends. Zoom keys are displayed, which, when selected, make it possible to enlarge certain parts of the trend curves.
The system is set up so that "zooming" is centered around the cursor, which can be placed in the middle of the interesting
part of the trend curves by pointing and clicking with the mouse. Every time the left "- " zoom button is pressed, the
curves around the cursor are expanded. The right " -" zoom button has the reverse effect; it goes back and shows bigger
portions of the curves.

[0090] The system also provides a Scale key, which when selected displays additional keys which enables the user
to adjust the size of the displayed graph. The height of the trend graph(s) may be increased or decreased by selecting
arrows under the Max label to the left and to the right of the graph. The baseline offset may be adjusted by selecting the
arrows under the Offset label.

[0091] After the scales have been changed, they may be reset to default at any time by pressing the Normal key.
[0092] Again, a Return key must be selected to return to the graph. The system further allows the time to be changed
with a key displayed on the bottom right hand side. Clock time is the time of day (8:30 means eight thirty in the morning)
while Relative time is time since admission (8:30 means that the patient has been monitored for eight and a half hours).
[0093] Itis also a particular advantage of the system employing the method that a number of settings controlling the
MIDA analysis may be adjusted to customize the analysis. The MIDA setup is available through the MIDA Setup key.
[0094] The different settings are described below, one by one. Each group of settings may be reset to default values
individually by pressing the Normal key next to each group.

[0095] The MIDA interval is the time interval within which the MIDA analysis will produce new values. During each
interval, all acquired ECGs of sufficient signal quality that match the initial reference ECG will be averaged to form an
ECG with improved signal quality. At the end of the interval, the averaged ECG is used when calculating the MIDA
parameters. The averaged ECG and the 5 parameters values of every such interval is stored in the Acquisition Module
for approximately 3000 intervals.

[0096] Shortintervals (less than 1 minute) have the advantages of fast response to rapid ECG changes, but they also
have more noise and result in a shorter total recording time. Long intervals (more than 1 minute) have less noise and
result in a longer recording time but they also respond slowly to rapid ECG changes. Generally, one minute intervals
are recommended for CCU monitoring (infarction, unstable angina, etc.) and 15 second intervals are recommended for
PTCA use. The default setting is preferably 1 minute.

[0097] To form an averaged ECG at the end of the intervals previously described, a minimum number of beats must
have been included in the average. Too low a limit may result in poor signal quality. Too high a limit may result in
difficulties reaching the limit with no calculated parameter values as a result. Naturally, the minimum number of beats
required is dependent on the interval length.

Recommended settings:
[0098]

MIDA interval Minimum number of beats

10 seconds 1 beat

15 seconds 1 beat

30 seconds 2 beats

1 minute 2 beats (factory setting)
2 minutes 10 beats

4 minutes 10 beats

[0099] If the signal quality of the acquired ECG is too poor, the ECG will not be used for MIDA analysis. This is to
avoid false results - artifacts. Each ECG signal has to pass the following tests to be included in the MIDA analysis.
[0100] A signal spike is a very short disturbance of considerable signal strength. The origin of the disturbance may
be electromagnetic radiation from other equipment, bad lead wires or pacemakers. The spike test may be turned on or
off. When spikes are detected, the MIDA analysis is halted unless the patient has a pacemaker.

[0101] Noise may be caused by many reasons. Bad patient electrode connection may be one reason. Line disturbances
from other equipment close to the patient cable may be another. The noise threshold may be set to 5, 10, 20, 50 or 100
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micV or may be turned off. When excessive noise is detected, the MIDA analysis is halted. The default setting is 50 pV.
[0102] If the baseline variation is too big, this may distort the ECG. The baseline threshold may be set to 25, 50, 100,
200 or 400 micV/second or be turned off. When baseline variation is detected, the MIDA analysis is halted. The preferred
default setting is 100 micV/sec.

[0103] The default settings may be selected by the user in a table of default settings which is opened by selecting the
System key and entering an access code. The table includes a Save key and a Cancel key which, when selected,
respectively set the default settings or close the menu with no alterations to the default settings.

ANOTHER EMBODIMENT

[0104] Another embodiment of the invention may be used as a complement to a conventional monitoring system for
enhanced monitoring and documentation of the ECG in terms of ischemia, infarction and arrhythmia.

[0105] This embodiment also has the advantages of ischemia monitoring with parameters reflecting the ECG changes
inclear trend graphs, averaged 12-lead ECG acquisition, storage and display, arrhythmia detection, 24-hour full disclosure
arrhythmia of all monitored patients, and 24-hour continuous 12-lead ECG stored for all monitored patients.

[0106] However, this embodiment does not contain a monitoring system with waveforms and arrhythmia alarms.
Rather, it is a system for only monitoring ischemia and the course of various heart diseases. Waveforms and alarms
are controlled and monitored using the conventional monitoring system.

[0107] It consists of the elements shown in FIG. 7, except that instead of a bedside monitor, it has an Acquisition
Module for each patient, connected via Ethernet to a central Server. The server displays and stores data from all
connected Acquisition Modules. ltis a supplement to a conventional monitoring system adding the functionality described
above.

[0108] The Acquisition Module works in parallel with the patient monitor of the conventional monitoring system. The
ECG signal from the patient is fed into both the Acquisition Module as well as the patient monitor. The parallel connection
is achieved with an adapter cable between the acquisition module and the patient monitor.

[0109] The Acquisition Module acquires the signal, converts it from analog to digital and performs ischemia and
arrhythmia analysis. The Acquisition Module communicates with the central Server via an Ethernet connection on the
back. It also includes a serial port for connection to other devices, such as the Hewlett Packard VueLink interface module.
[0110] Fig. 12 shows a face of an Acquisition Module. Element 121 is an ECG input for use with either 8-lead or 5-
lead patient cables. Element 122 is a Signal out for connection to the ECG input of the conventional monitor. Element
123 is a graphic depiction of the patient, which in this case incudes only the torso. More or less parts of the patient may
be included in the graphic depiction of the patient, for example, the limbs. A number LEDs or other light producing means
are placed behind the graphic depiction of the patient, each at positions corresponding to the electrodes on the patient’s
body. Each electrode may be indicated individually with a twinkling yellow light if the signal quality is poor or with a steady
yellow light if the lead fails. When the signal quality is all right, all electrode indicators are off. Alternatively, the electrodes
may blink at different rates or display different colors depending upon the conditions of the electrodes discussed with
reference to the second embodiment. The graphic depiction of the patient may be silk screened, wet painted, powder
coated, multi-color molded plastic, or overlay film, for example. Element 124 is a MIDA status indicator with a green and
yellow indicator. The green indicator is on when MIDA analysis is running. If the MIDA analysis is not running for anyone
of various reasons, the yellow indicator is on. Element 125 is a back position indicator. A back position sensor is a
position sensitive device that may be used to record if the patient is lying on his back or not. This information may be
useful when examining the most sensitive parameters such as QRS-VD of the MIDA analysis. When such a sensor is
used, the back position indicator is green only when the patient is lying on his back. Element 126 is an event Mark key.
When this key is pressed, an event mark is recorded by the system. Element 127 is a Pause key. The recording may
be paused and resumed with this key. When paused, recording and analysis are temporarily halted. This is indicated
with a yellow light behind the pause symbol. Element 128 is a Discharge Patient key. When this key is pressed, the
current recording is terminated and the MIDA module is ready to start a new. Element 129 is a Main Power operation
indicator. A green light indicates that the module is on, running on main power. Element 130 is a Battery Power operations
indicator. A yellow light indicates (a warning) that the module is on, running on the internal battery for very limited time.
Element 120 is an On/Off Switch. The module is turned on by pressing the switch. The module is turned off by pressing
the switch again.

[0111] The patientinput of the MIDA Acquisition Module is of Type CF, it is defibrillation proof (it may remain connected
to the patient during defibrillation), and the patient connector on the front is marked with the appropriate heart symbol.
[0112] The patient input of the MIDA Acquisition Module is designed to limit the current through the patient to a few
microAmperes and to comply with the requirements for low leakage currents when connected to a conventional Monitoring
System. If other equipment than the MIDA Acquisition Module is connected to the patient, it should be interconnected
with an equipotential grounding cable. On the back of the MIDA Acquisition Module there is an equipotential grounding
terminal for this purpose. The following connections are provided on the rear (not shown) of the MIDA Acquisition Module:
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AC in - to be connected to a grounded electrical AC source of 100 - 240 V + -10%, 50-60 Hz.

Equipotential grounding terminal - used to obtain the same electrical earth reference when additional electrical
equipment is used together with the MIDA Acquisition Module.

Ethernet - for connection to the Ethernet network.

RS-232 Serial communication - for connection to other devices, such as a Hewlett Packard VueLink module.

[0113] The Acquisition Module is equipped with an internal battery that is switched in as soon as the AC power is
insufficient. The internal battery provides full operation for at least five minutes, when fully charged. When the MIDA
Acquisition Module operates on the internal battery, a yellow LED is lit in the lower right corner of the front, under the
battery symbol. The internal battery is recharged as soon as the AC power is back and the Module is on. Line power
operation is indicated by a green LED in the lower right corner, under the AC symbol.

[0114] Workstation 11 also contains a 17" color monitor on which curves and data from one patient at one time may
be brought up for examination. The workstation also contains a graphical interface with a mouse, which may be used
to control the operation of up to two of the central monitoring units. However, the central monitors are not disturbed at
all when the monitoring of one specific patient is controlled or examined at the workstation. All information presented
on the workstation at any time may be printed on the laser printer.

[0115] A row of keys on the top of the workstation monitor allows selection and direct control of the monitoring of each
patient. The keys are marked with an identification tag for each bed (normally 1, 2, 3 and so on). When a patient has
been selected, the operator may control admission/discharge, alarm settings, waveforms monitored, and much more in
a straightforward and easy manner using the graphical interface. A monitoring session may also be examined in detail
in terms of ischemia, 12-lead ECGs and full disclosure arrhythmias.

[0116] When the ischemia trends are examined on the workstation, any one of 30 different calculated parameters
may be examined over time. Interesting events may then be expanded on the screen and exact values corresponding
to the events will be shown. Short events can be expanded to display a couple of minutes on the display even if the
entire trend covers several days of monitoring.

[0117] The systemin the preferred embodiment of the invention reduces the need for additional 12-lead ECGs. Minute-
by-minute, derived 12-lead ECGs are automatically acquired and stored in the system. Several 12-lead ECGs may be
superimposed from different times in order to plot gradual changes. By pointing out interesting ischemic events in the
ischemia graphs, the corresponding 12-lead ECGs may be displayed, superimposed or printed on the laser printer, if
desired. Thus the morphologic nature of the ischemic changes may be examined in real time, i.e., during thrombolytic
therapy or unstable angina.

[0118] Workstation 11 also contains a complete 24-hour full disclosure arrhythmia review function. The arrhythmia
graph is presented on the lower half of the workstation display, with the arrhythmias plotted as colored dots or lines
depending on the duration of the arrhythmias. The corresponding ECG is displayed on the upper half of the display.
Every single heartbeat during the previous 24 hours can be displayed for each monitored patient by pointing out either
the arrhythmia of interest or the desired time of day.

[0119] The system also contains a data storage unit for storing all data from the monitoring session for future exam-
ination. A stored recording may be examined on the workstation in exactly the same way as currently monitored patients.
[0120] The preferred embodiment of the invention described above uses a complete networking system for a number
of patients to perform the following analysis and monitoring. However, this method of analysis and monitoring may be
technically implemented using different hardware, system architecture or a special program code in a different program
coding. The method may, for example, be used in a stand-alone system for a single patient.

AMBULATORY AND TELEMETRY APPLICATION

[0121] The method may also be used in an ambulatory application. In such an application, ECG signals are recorded
over a long period of time by a recording device worn or carried by the patient. The recorded signals are later retrieved
for printout and analysis. The signals may then be analyzed according to the method described here below.

[0122] In atelemetry application, the patient carries a small transmitter which transmits the ECG signals to a receiver
where the signals are displayed in real time. The ECG signals received by the telemetry system are then analyzed
according to the following method.

PORTABLE TELEMEDICINE DEVICE
[0123] As shown in Fig. 27, the invention also comprises a portable telemedicine device 1 including integrated meas-
uring equipment, such as ECG and VCG, input means for connecting external measuring sensors, a display for displaying

the measurement data and the like, entry means for entry of other measurement data, patient’'s name, observations and
so on, and communication equipment 2. The portable telemedicine device in accordance with this embodiment of the
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invention preferably is an easily manageable, integrated unit, illustrated in Fig. 28. Preferably, this unit also is provided
with a rechargeable battery unit, which adds to the ambulatory nature of the device.

[0124] Again referring to Fig. 27, the communication equipment 2 may be arranged to transmit digital data via a mobile
telephone network, such as GSM or the like, via the MOBITEX network or by any other suitable means. Thus, the
telemedicine device may communicate directly with one or several central units 3 or via one or several intermediate
stations, such as for instance an ambulance 4. Additionally, the communication may be established via option commu-
nication means, such as GSM and MOBITEX, as selected in accordance with the conditions in each individual case.
[0125] Preferably, the central units are data-processing devices capable of receiving information data and presenting
the latter in real time, and also capable of emitting information data to portable units. The central unit preferably also is
capable of communicating with other systems, of storing information data, and of later displaying such stored information
data.

[0126] The portable telemedicine device further is advantageously equipped with a connecting interface for allowing
convenient docking thereof to stationary equipment 5, e.g. onboard an ambulance or inside a hospital. The docking
interface may be designed to shift its mode of communication at the instance of docking, to allow transmission via another
telecommunication network or via cables coupled to the stationary equipment. In addition, the docking may involve
connection to network voltage, battery chargers, external entry means (such as keyboards), external displays, and so
on. Further, the portable_telemedicine device could be adapted for communication via IR transmission using equipment
known in the field, such as PDA equipment (Personal Digital Assistants) and the like.

[0127] The device may also be adapted for automatic selection of a telecommunication network in response to current
reception conditions, in order to offer the best possible transmission performance. Such adaption may depend on the
type of information data to be transmitted and on the manner of the transmission. In this way it becomes possible to use
different networks for transmission, for example, of large data volumes that must be transmitted to a receiver within a
brief space of time, and of short messages that are to be transmitted to several receivers. For instance, the device may
utilize networks of such a different nature as the circuit-switched GSM network and the packet-switched MOBITEX.
However, to achieve this versatility feature, adaptations are required in the form of different software as well as different
hardware. To make it possible to use such a comparatively slow transmission system as the MOBITEX, selection and
pre-processing of data are required as is also compressing of the data.

[0128] Whenthe portable telemedicine equipmentis intended for use by ambulance staff or other ambulance personnel,
it is advantageously brought along when the ambulance staff is called to the patient. The sensors associated with ECG,
VCG and the like are connected, and a first diagnosis then may be made. In some cases it may, however, be more
appropriate to defer connection of the equipment until the patient is onboard the ambulance.

[0129] The display preferably is divided into different fields, showing for example:

¢ Information on the patient's name, patient ID number, time, and the like;

*  Monitoring information received from the measuring equipment, such as continuous ECG monitoring, blood pressure
monitoring, continuous curves indicating the variations in the oxygenation of the blood, and the like;

* ECGreports, "cuttings" from real-time curve graphs, tendencies, patient case record files, other information, recently
received messages, and the like;

e Up-to-date values of collected measurement data and set alarm limits;

*  Menu of currently selectable commands;

»  Status of communication equipment, such as available connected receivers and the band width of the communication
channel;

e Messages received and emitted, inclusive of facilities for browsing through old messages;

* Setting options, e.g. different communication networks, reception and transmission via ambulance or not, different
areas of application, choice of external equipment to be connected, and the like.

[0130] In addition, the menu system could advantageously can be designed to comprise several levels, including one
main menu and one or several levels including sub-menus.

[0131] Following connection of the equipment, information data is entered, either automatically via the measuring
instruments or manually by the patient-attending staff. Some information data, such as that relating to certain measure-
ment results, annotations entered into patient case record files, patient information and the like then are transmitted
automatically to the predetermined receivers to which the device is connected, whereas other information data is for-
warded only as ordered by the attending staff. A transmission list determines which receivers are to be used in each
individual case, from which list one or several central units may be preselected. Preferably, the list may be altered in
the process of use.

[0132] The information to be transmitted may be assigned different priorities, the information data most essential for
correct diagnosis and for the implementation of correct treatment being given a higher priority and being transmitted
prior to information data of less importance. This feature is particularly advantageous for instance when the capacity of
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the communication network is such that the latter is slow in transmitting the information and when it may not even be
possible to transmit all information. The priority feature may be implemented manually, or, which in most cases is the
preferred alternative, automatically with the aid of software, or else a combination of the two varieties is possible. The
medical usefulness should, at all times, govern the priority.

[0133] In addition, the portable telemedicine equipment is supplied with information data from the central unit, on the
one hand in the form of messages from e.g. specialist physicians or the coordinating control group and on the other in
the form of data from the patient’s case record file and the like, data which already is stored in databases 6 in the central unit.
[0134] In addition to its use in showing measurement results, the portable telemedicine device in accordance with the
invention can also be used for filling in certain forms, such as patient’s case record files and the like, in addition to which
it offers facilities for communication with a central unit (or several central units) via the telecommunication network. The
central unit could be positioned e.g. in the closest large hospital where the received information data could be examined
by specialist physicians of the relevant medical discipline and a correct decision be taken rapidly, both with respect to
the treatment to be implemented right away and to the planning and the preparations for the continued treatment. In
other words, owing to the communication facility, measurement results and other entered information data are transmitted
in full or in part from the portable telemedicine equipment to the central unit, and the information data, which may include
treatment counselling, queries relating to the diagnosis, information regarding where to transport the patient, and the
like, are transmitted from the central unit to the portable unit. In addition, all dialogue preferably should be stored in the
portable unit and/or the central unit.

[0135] The various components of the device are, as stated above, preferably integrated in an easily manageable
unit, thus making it simple to handle, and versatile and easy to transport and to connect.

[0136] Additional equipment may be included as parts of the device or be connectable thereto, such as printers,
cameras, microphones, and loud-speakers depending on need, communication channel capacity and the like.

[0137] As appears from Fig. 28, the entry means comprises a bottom plate 281 formed with an entry means including
a rotatable and depressible actuating member 282 in the form of a ball or a wheel, and of additional entry buttons 283
and 284. The actuating member affects a cursor on the display screen in such a manner that the cursor moves in
response to actuation of the actuating member. The cursor is only moveable backwards and forwards between points
in a predetermined order. For instance, the cursor movement could be upwards and downwards in a vertically arranged
menu, jumping between a number of different windows on the screen or the like. Upon depression of the actuating
member 282 the object highlighted at that moment by the cursor is activated (i.e. the function identical to that of the
"ENTER"-key on an ordinary keyboard). In this situation, either the indicated function is performed, involving for instance
entering an object in a form, or else a sub-menu appears, whereupon the procedure is repeated.

[0138] Inthis manneritbecomes possible to enter text or numbers, in that by turning the actuating member the operator
may proceed through the entire alphabet or the numbers and by depressing the member 282 indicate the letters or
numbers he or she wants to enter.

[0139] Of the extra entry buttons of the entry means, one button 283 is for verifying incoming messages or alarms
and one button 284 for moving to a superior menu level. In addition to these two buttons, the entry means may be
supplemented with numeric keys 285 representing digits 0-9, in order to render the data input more efficient, should the
entry items comprise several measurement values in digital form. In addition, the entry means preferably comprises a
delete button 286 to erase entered values.

[0140] An entry means in accordance with the invention occupies but a fraction of the space required by a conventional
keyboard, in addition to which it can advantageously be placed vertically, a position most unsuitable for conventional
keyboards. For instance, an LCD display and an associated juxtaposed entry means in accordance with the invention,
easily may be placed in positions where conventional terminals cannot be used. In addition, the entry of input data easily
may be effected using one hand only.

[0141] When the entry means is used as described above, the display preferably is divided into several fields, such
as shown for example in Fig. 29. One example of a display layout is illustrated that may be used by medical services
personnel and that comprises one field 291 containing information on patient’s name, identity number, information on
the status of the communication and similar comprehensive information, a second field 292 containing a presentation,
for instance, in the form of curve graphs, representing incoming measurement values and the like (e.g. from ECG), a
third field 293 containing measurement data derived from other (or the same) measurement instruments and alarm
limits, and a fourth field 294 containing a menu of selectable options. As the actuating member is rotated, different menu
options will be highlighted in a predetermined order. This predetermined order could be e.g. from the top towards the
bottom, or inversely, depending on the direction in which the operator rotates the actuating member. The highlighted
option is activated upon depression of the actuating member, causing either the activation of a function or the appearance
of a new sub-menu.

[0142] Fig. 30 illustrates one example of the configuration of a display upon activation of a "case record file" function
for entering information data into the patient’s case record file. Under this option heading, a sub-menu appears. In this
case, the sub-menu comprises four different case record fields and three additional menu options. To enter data, the
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operator/attendant turns the actuating member 282, causing the first case record field to be highlighted, whereupon he
or she depresses the actuating member to activate the highlighted field. In this field, there are two alternative choices:
input of personal code number and input of personal name. As the personal code number is entered, this option is
highlighted in the same manner as mentioned above, whereupon one digit at a time is entered. This could be achieved
by means of a line of numbers which appears on the display and from which desired numbers are chosen through
rotation and depression of the actuating member. Alternatively, the highlighted number is increased or decreased by
means of rotation of the actuating member, followed by depression of the member, the corresponding number thus being
chosen and the cursor made to proceed to the next position, and the procedure is repeated.

[0143] In order to return to the immediately superior menu the latter either could be permanently available as a last
selectable menu option or else retrievable by use of the particular return button. An entered digit could be cancelled/
deleted with the aid of the button provided for this purpose.

[0144] Entry of letters is effected in the same manner as entry of numbers, and numbers as well as letters as also
other signs may be selectable in all positions.

[0145] In addition, the entry procedure in many cases may be simplified, when only a restricted amount of entry options
exists or occurs frequently. In such cases, the data entry may be effected via a menu comprising predefined options,
such as shown for example in the fourth, lowest case record field in Fig. 30. In this field, the diagnosis, such as "angina
pectoris”, may be entered by advancing the cursor through rotation of the actuating member until the cursor reaches
the relevant option, and by subsequently marking the latter.

[0146] Several modifications of the entry means in accordance with the invention are conceivable. For instance, the
entry means need not comprise supplementary entry buttons but the rotatable and depressible actuating member may
suffice. In addition, the actuating member optionally may be divided into two separate means, one of which is rotatable
and the other depressible. Other measurement equipment may be coupled to the device. The device could be used in
other applications involving services and activities related to nursing and attending of individuals, such as home-help
services.

TREND ANALYSIS

[0147] The gathered trend data may be interpreted and analyzed in several different ways. For example, according
to one embodiment, episode analysis is performed on the data. According to another embodiment, recovery analysis is
performed.

[0148] ECG trend parameters from stored or currently monitored patients are displayed and analyzed. The analysis
can be customized by changing the values of variables in a set of analyzing variables as will be discussed below for
each of the types of analysis.

EPISODE ANALYSIS

[0149] Episode analysis can be used to calculate and present indexes on ECG trend parameters including important
measurements such as, for example number of episodes, length of an episode, area of an episode and extreme or
maximum value of an episode.

[0150] AsshowninFig. 31, gathered datais displayed in an easy to read and comprehend format. The display includes
trend curves and the averaged ECG from which the trend parameters at the time pointed out are calculated. The indexes
calculated from the trend analysis are also displayed. The 12 lead averaged ECG signals are displayed in an upper
window 310. The number of beats 311 included in the averaged ECG signals is displayed in window 310, along with the
time 313. In window 315, first and second trend curves 312, 314, are displayed.

[0151] Episode analysis can be used to detect and evaluate the number of episodes in a trend. Analysis of the trend
curves can be customized, by changing variables used in algorithms for detecting episodes and calculating episode
data. An episode is defined as a number of trend data either being higher than an upper threshold or lower than a lower
threshold. The variables that affect the detection of episodes are a) minimum number of trend values (time) crossing
threshold to qualify for an episode; b) maximum time allowed between two adjacent trend values within the same episode;
¢) minimum time allowed between two adjacent episodes; and d) the distance between the baseline and the thresholds.
[0152] Default values are set for each variable in the event for which values are not input by the user. The default
values include minimum number of trend values crossing threshold to qualify for an episode = 120 seconds. This equates
to at least two trend values if a 60 second averaging period exists. The minimum time allowed between two adjacent
episodes has a default value of 80 seconds. That is, if less than 80 seconds exists between two episodes, they are
merged into one episode. The maximum time allowed between two adjacent episodes has a default value of 100 seconds.
If more than 100 seconds exits between two adjacent trend values, it is determined that they can not be in the same
episode.

[0153] Default values for parameter thresholds are -50.V lower threshold and 50wV upper threshold for ST-VM20,
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ST-VM60, STC-VM20, STC-VM60, ST-X60, ST-Y60 and ST-Z60. Default threshold values are -15uV and 15V for
QRS-VD. All parameter default threshold values are relative the baseline.

[0154] The baseline reflects the value of a parameter when the patient is not ischemic and there are no artifacts on
the ECG. The baseline may be manually set by looking for a period where the trend parameter is relatively stable and
where the averaged ECG shows a nonischemic complex without artifacts. The baseline is then set to the value of the
trend parameters during this period. The baseline may vary over time. Accordingly, a new segment may need to be
defined for each period of the new baseline value.

[0155] The monitored time 318 is also displayed and reflects the time the patient is hooked up to the system. Gaps
in the trend are not excluded from the monitored time. The monitored time 318 for an entire session (MTS) is:

MTS -= (T;_r - Tﬁ) * Tavq . (4)

where T 1 is time for last trend value, Tgy is time for first trend value and T,y g time for averaging period at the start.
[0156] The monitored time 336 for a segment (MS) is:

MS = E; - S, (5)

where Eg is the end time 334 of the segment and Sy is the start time 332 of the segment, the first segment starting one
averaging period before the first trend value.

[0157] The analyzed time 320 reflects the time from which there are resulting trend values. That is, analyzed time 320
for the entire session is the sum of the averaging times for all trend values. The analyzed time for a segment is the sum
of the averaging times for all trend values within the segment.

[0158] For an upper/lower episode to exist, consecutive trend values must be present for at least the time duration
"minimum time for episode" above the upper threshold or below the lower threshold. In addition, a time gap between
two consecutive trend values above/below the upper/lower threshold must not exceed "maximum gap in trend". If the
time between the end of one upper episode to the start of the following upper episode is less than "minimum time between
episodes," the two episodes are merged into one episode. Likewise, if the time between the end of one lower episode
to the start of the following lower episode is less than "minimum time between episodes," the two episodes are merged
into one episode.

[0159] The duration of an episode 324 is calculated as:

DURATION = TLV - Tp, + TAVG (6)

where Ty, is the time of the last trend value in the episode, Tgy, is the time of the first trend value in the episode and
Tav is the averaging time prior to the first trend value in the episode.

[0160] The extreme value 330 of the upper/lower episode is the highest/lowest trend value within the episode.
[0161] The absolute area of the episode 326 is defined as

F-- X Ty + ), trend value x (time of trend value - time

v
nvs

of previous trend value) (7)

where Fqy, is the first trend value, T, is the averaging time prior to the first trend value and wherein the sum portion
of the equation includes all trend values within the episode except the first one. It should be noted that if a trend value
has a sign opposite than the threshold, the value is excluded from the area calculations. For example, this could occur
if two episodes are merged because they occur with a time less than the "minimum time between episodes" and during
that time interval such a trend value is present. The trend value following the excluded trend value is considered as
lasting from the excluded trend value.

[0162] The relative area 328 is defined as
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(Fr; = Ty) X Tawg + 3, (trend value - threshold) x (time

of trend value - time of previous trend value) (8)

where F, is the first trend value, Tt is the threshold, Ty g is the averaging time prior to the first trend value and wherein
the sum portion of the equation includes all trend values within the episode except the first one. If a trend value is below
an upper threshold in an upper episode or above a lower threshold in a lower episode, the value is excluded from area
calculations. For example, this could occur if two episodes are merged because they occur with a time less than the
"minimum time between episodes" and during that time such a trend value is present.

The trend value following the excluded trend value is considered as lasting from the excluded trend value.

[0163] The episode analysis displayed in Fig. 31 allows medical personal to quickly and efficiently evaluate trends in
a patients ECG allowing a quicker response to deviations that may be of concern.

RECOVERY ANALYSIS

[0164] Recovery is defined as the declining of a parameter from a previous higher value, measured in percent of the
maximum trend value preceding the current time. Recovery analysis evaluates the declining of a parameter after a high
value as well as the existence of a reperfusion peak. Recovery analysis can be performed on more than one segment
to determine time to percent recovery for each segment. Each segment can then be analyzed regardless of the other
segments. The recovery at predefined time(s) is calculated based on all data collected before the specified time.
[0165] The following parameters can be set before recovery analysis is performed. The time at which thrombolytic
therapy will start is set. If the start time of therapy is not set, the start time of therapy is considered to be the same as
the start time of monitoring. The time period to search recovery shares is set, and will be the same as the time period
for the present segment. The minimum time under limit to accept recovery is set along with the maximum time gap to
interpolate. It should be noted that the time period of where to look for recovery shares must not exceed the end of the
segment being analyzed. Trend parameters based on corrupted averaged complexes are excluded from the analysis.
The excluded times are treated as non-existing (a gap in the trend) during analysis.

[0166] The monitored time 318 and the analyzed time 320, displayed during recovery analysis are the same as
described above with respect to the episode analysis. During recovery analysis, maximum or extreme value 342 is a
dynamic value changing over time, reflecting the maximum trend value monitored up to that point in time.

[0167] Looking for shares of recovery, the first time the defined conditions are fulfilled is selected as the time to that
percent recovery. Although it could occur that you later get a higher maximum value at a second time the condition is
fulfilled, this second occurrence need not be identified. On the other hand, if the user wishes to identify the second
occurrence, the user could define a new segment with recovery analysis.

[0168] When looking for recovery share at a specific point in time, the maximum value for the trend monitored to that
point in time should be used when calculating recovery share. For two different points in time, you could get two different
maximum values to base recovery calculations on, and different segments could be used for each.

[0169] Time to percentage recovery can be determined using recovery analysis. Time to percentage recovery is the
time at which the trend curve declines below a predetermined percentage of the maximum value (percent share limit)
for the trend monitored. Linear interpolation between consecutive trend values can be used to define the recovery share,
unless a gap between consecutive trend values is larger than the maximum gap to interpolate. The actual time for
percentage recovery is the time when the interpolated line crosses the percent share limit provided that the following
"minimum time under limit to accept recovery" period of trend data is below the percent share limit. If the following period
of trend data is above the limit, analysis continues until the time to the percentage recovery is determined.

[0170] Ifinterpolation is not performed, the time for percentage recovery is determined as the time the first trend value
falls below the percent share limit provided that there is no value within the time "minimum time under limit to accept
recovery" exceeding the percent share limit. This time period is measured from the time of percent recovery. If the
conditions for percentage recovery are not met, the time for percentage recovery is left undefined. Preferably, time to
percentage recovery is measured from the start of thrombolysis.

[0171] Recovery share at predefined point(s) of time can also be analyzed. Recovery share at predefined time(s), is
the recovery share relative the maximum value at the set or predefined time(s). Linear interpolation between consecutive
trend values can be used to define the recovery share unless a gap between consecutive trend values is larger than the
maximum gap to interpolate. The recovery share at a predefined time is the value closest to that predefined time but
not further than 10 minutes away. If two values are of equal distance to the predefined time, the earliest value of the two
is selected. If no value is defined (not even an interpolated line if interpolation is used) within a 20 minute window,
recovery at the predefined time is left undefined. Preferably, the time at which each recovery share is measured is
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determined from the start of thrombolysis. If the time for maximum value equals the predefined time, the recovery share
at the predefined time is zero. Since time to percentage recovery requires that the signal be below the limit a certain
period of time and recovery at the predefined time does not, conflicting results may occur.

[0172] Recoveryanalysis canbe customized by changing variables thatare used in the algorithms for recovery analysis.
[0173] The user may setup two different times at which to measure recovery, both defined from the start of thrombolysis.
The user may also set up to four different levels of recovery for which time from start of thrombolysis is measured. If left
unset, the variables for performing recovery analysis are assigned default values. For example, the minimum time under
limit to accept recovery is assigned a 10 minute default value (from time of recovery). The maximum gap to interpolate
is set to 600 seconds, although if less than the average period, no interpolation will be performed. The first time at which
recovery share is measured is set to 60 minutes. The second time at which recovery share is measured is set to 90
minutes. The first measured time to recovery share is to 20% recovery. The second measured time to recovery share
is to 30% recovery. The third measured time to recovery share is to 50% recovery. The fourth measured time to recovery
share is to 70% recovery.

[0174] For both episode and recovery analysis, the displayed trends may be controlled and manipulated to achieve
the most useful and efficient results. For example, displayed trends may be divided into segments. As shown in Fig. 32,
a dialog box 350 allows a user to provide segment specific settings. The dialog box includes the segment properties
and from the dialog box, it is possible to change any of the settings for the segment marked as beginning at cursor 352.
More specifically, the type of analysis (episode or recovery), along with the averaging period are selected for the segment.
Baseline can be entered if episode analysis is selected, in the unit given on the axis in the trend graph. Upper and lower
thresholds can be set if episode analysis is selected. The thresholds represent a distance from the baseline and are in
the same units as the baseline.

[0175] When analysis is started for a specific parameter, the entire recording is regarded as one segment. It is then
possible to divide the recording into up to ten segments, with each segment having its own individual start/stop times,
averaging time, type of analysis, baseline parameter, and upper/lower threshold parameters. The start time for the
segment created at start-up is the average time before the time of the first trend value. The end time for the segment
created at start-up is the time of the last trend value. The baseline is set to the value of the first trend value in the segment
and then refined later. The other parameters are set according to the default settings.

[0176] Each segment can be divided into two segments. The cursor 352 is positioned to mark where the first segment
ends and the second segment starts. After dividing the segment, both segments will have the same averaged time, type
of analysis, baseline and threshold, as the original segment. The settings for each segment can then be changed or
modified as desired. The start time of the first segment is the start time of the original segment. The end time of the
second segment is the end time of the original segment. The end time of the first segment and the start time of the
second segment is the time marked by the cursor.

[0177] Two segments may also be merged into one. Upon merging, the resulting segment has the averaged time,
type of analysis, baseline and thresholds as the first of the two segments. The start time is the start time of the first
segment and the end time is the end time of the second segment.

[0178] A trend value belongs to a segment if the time of the trend value is after the start of the segment of the segment
and prior to or at the same time as the end of the segment.

[0179] Computer executable software code for performing processing of the trend parameters and/or analysis of the
trend curves in the above-described episode and/or recovery analysis can be provided on a computer readable storage
medium such as a CD ROM, floppy disk, etc. The software can be executed and/or entered into workstation 11, for
example, by an end user of the monitoring system.

[0180] The invention is not limited to the systems and methods illustrated in the drawings and described above.
Modifications and variations are possible within the inventive concept. For example, in addition to the electrode leadsets
discussed above, the following leadsets may be used: the 3-lead electrode leadsets of Figs. 16, 17, and 18, the 4-lead
electrode leadsets of Figs. 19 and 20, the 5-lead electrode leadsets of Figs. 21, 22, and 23 (the EASI leadset and
algorithm of Fig. 23 are covered by U.S. Patent No. 4,850,370, issued July 25, 1989), the 7-lead electrode leadset of
Fig. 24, the 8-lead electrode leadset of Fig. 25 according to Frank, and the 10-lead electrode leadset of Fig. 26. In
addition, body surface mapping (normally with 48 electrodes) may be applied to the invention. Accordingly, the disclosure
should not be construed as limiting the scope of the following claims, which specifically define the invention.

Claims
1. A myocardial analysis and monitoring method, comprising the steps of:

receiving a number of ECG signals relating to a heartbeat of at least one patient;
converting the received number of ECG signals into three perpendicular ECG signals;
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determining an average heartbeat from the ECG signals;

calculating a plurality of parameters related to a condition of each patient from said number of ECG signals;
storing information representative of a value of said plurality of parameters related to the condition of each
patient in storage;

repeating the steps of determining said average heartbeat, calculating said plurality of parameters and storing
said information for as long as ECG signals continue to be received or until the storage is full;

displaying at least a portion of the stored information as a graphical display, the graphical display representing
a trend of at least one of the plurality of parameters;

analyzing the displayed trend of the at least one of the plurality of parameters;

displaying at least one result of the analysis,

wherein said analysing step comprises detecting episodes, each episode comprising a predetermined number
of trend values above a predetermined upper threshold level or below a predetermined lower threshold level
occurring within a predetermined period of time of each other.

A myocardial analysis and monitoring method as recited in claim 1, further comprising a step of displaying the
number of detected episodes.

A myocardial analysis and monitoring method as recited in claims 1 or 2, wherein said analysing step comprises
detecting an amount of time for a parameter to decline from a maximum value to a predefined value.

A myocardial analysis and monitoring method as recited in claim 3, further comprising a step of displaying the
detected amount of time.

A myocardial analysis and monitoring method as recited in any preceding claim, wherein said analyzing step com-
prises detecting an amount of recovery of a parameter at a predetermined time.

A myocardial analysis and monitoring method as recited in claim 5, further comprising a step of displaying the
detected amount of recovery.

A myocardial analysis and monitoring apparatus, comprising:

at least one input receiving a number of ECG signals relating to a heartbeat of at least one patient;

a processor adapted to convert the received number of ECG signals into three perpendicular ECG signals,
determining an average heartbeat from the ECG signals, calculating a plurality of parameters related to a
condition of each patient from said number of ECG signals and storing information representative of a value of
said plurality of parameters related to the condition of each patient in storage, wherein determining of said
average heartbeat, calculating of said plurality of parameters and storing of said information continues for as
long as ECG signals continue to be received or until the storage is full;

a display for displaying at least a portion of the stored information as a graphical display, the graphical display
representing a trend of at least one of the plurality of parameters; and

an analyzer adapted to analyze the displayed trend of the at least one of the plurality of parameters, the display
displaying at least one result of the analysis,

wherein said analyser detects episodes, each episode comprising a predetermined number of trend values
above a predetermined upper threshold level or below a lower threshold level occurring within a predetermined
period of time of each other.

A myocardial analysis and monitoring apparatus as recited in claim 7, wherein the display displays the number of
detected episodes.

A myocardial analysis and monitoring apparatus as recited in claim 7 or 8, wherein said analyzer detects an amount
of time for a parameter to decline from a maximum value to a predefined value.

A myocardial analysis and monitoring apparatus as recited in claim 9, wherein the display displays the detected
amount of time.

A myocardial analysis and monitoring apparatus as recited in claim 9 or 10, wherein the detected amount of time
begins at a start of a patient therapy.
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12. A myocardial analysis and monitoring apparatus as recited in any of claims 7 to 11, wherein said analyzer detects
an amount of recovery of a parameter at a predetermined time.

13. A myocardial analysis and monitoring method as recited in claim 12, wherein the display displays the detected
amount of recovery.

14. A computer executable software code stored on a computer readable medium, the code for performing myocardial
analysis and monitoring, the code comprising:

code for controlling a monitoring system for receiving a number of ECG signals relating to a heartbeat of at
least one patient;

code for converting the received number of ECG signals into three perpendicular ECG signals;

code for determining an average heartbeat from the ECG signals;

code for calculating a plurality of parameters related to a condition of each patient from said number of ECG
signals;

code for storing information representative of a value of said plurality of parameters related to the condition of
each patient in storage, the determination of said average heartbeat, calculation of said plurality of parameters
and storing of said information being performed for as long as ECG signals continue to be received or until the
storage is full;

code for displaying at least a portion of the stored information as a graphical display, the graphical display
representing a trend of at least one of the plurality of parameters;

code for analyzing the displayed trend of the at least one of the plurality of parameters;

code for displaying at least one result of the analysis, wherein said code for analyzing comprises code for
detecting episodes, each episode comprising a predetermined number of trend values above a predetermined
upper threshold level or below a predetermined lower threshold level occurring within a predetermined period
of time of each other.

15. A computer executable software code as recited in claim 14, wherein said code for analyzing comprises code for
detecting an amount of time for a parameter to decline from a maximum value to a predefined value.

16. A computer executable software code as recited in claim 14, wherein said code for analyzing comprises code for
detecting an amount of recovery of a parameter at a predetermined time.

Patentanspriiche
1. Verfahren zur Analyse und Uberwachung des Myokards, welches folgende Schritte umfasst:

das Empfanden einer Reihe von EKG-Signalen in Bezug auf einen Herzschlag von mindestens einem Patienten;
das Umwandeln der empfangenen Anzahl von EKG-Signalen in drei vertikale EKG-Signale;

das Bestimmen eines durchschnittlichen Herzschlags aus den EKG-Signalen;

das Berechnen mehrerer Parameter in Bezug auf einen Zustand jedes Patienten aus der Reihe von EKG-
Signalen;

das Speichern von Informationen, die fiir einen Wert der mehreren Parameter in Bezug auf den Zustand jedes
Patienten reprasentativ sind, in einem Speicher;

das Wiederholen der Schritte des Bestimmen des durchschnittlichen Herzschlags, des Berechnens der meh-
reren Parameter und des Speicherns der Informationen, solange weiterhin EKG-Signale empfangen werden
oder bis der Speicher voll ist;

das Anzeigen von mindestens einem Teil der gespeicherten Informationen als eine graphische Anzeige, wobei
die graphische Anzeige einen Trend von mindestens einem der mehreren Parameter darstellt;

das Analysieren des angezeigten Trends des mindestens einen der mehreren Parameter;

das Anzeigen von mindestens einem Ergebnis der Analyse,

wobei der Analyseschritt des Erkennen von Episoden umfasst, wobei jede Episode eine vorbestimmte Anzahl
von Trendwerten Uber einem vorbestimmten oberen Schwellenlevel oder unter einem vorbestimmten unteren
Schwellenlevel aufweist, welche innerhalb eines vorbestimmten Zeitraums voneinander auftreten.

2. Verfahren zur Analyse und Uberwachung des Myokards nach Anspruch 1, welches ferner einen Schritt des Anzei-
gens der Anzahl erkannter Episoden umfasst.
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Verfahren zur Analyse und Uberwachung des Myokards nach Anspruch 1 oder 2, wobei der Analyseschritt das
Erkennen umfasst, dass eine Zeitmenge fir einen Parameter von einem Maximalwert auf einen vordefinierten Wert
abnimmt.

Verfahren zur Analyse und Uberwachung des Myokards nach Anspruch 3, welches ferner einen Schritt des Anzei-
gens der erkannten Zeitmenge umfasst.

Verfahren zur Analyse und Uberwachung des Myokards nach einem der vorhergehenden Anspriiche, wobei der
Analyseschritt das Erkennen einer Erholungsmenge eines Parameters zu einer vorbestimmten Zeit umfasst.

Verfahren zur Analyse und Uberwachung des Myokards nach Anspruch 5, welches ferner einen Schritt des Anzei-
gens der erkannten Erholungsmenge umfasst.

Vorrichtung zur Analyse und Uberwachung des Myokards, welche Folgendes umfasst:

mindestens einen Eingang, welcher eine Anzahl von EKG-Signalen in Bezug auf einen Herzschlag von min-
destens einem Patenten empfangt;

einen Prozessor, der geeignet ist z-um Umwandeln der empfangenen Anzahl von EKG-Signalen in drei vertikale
EKG-Signale, zum Bestimmen eines durchschnittlichen Herzschlags aus den EKG-Signalen, zum Berechnen
mehrerer Parameter in Bezug auf einen Zustand jedes Patienten aus der Anzahl von EKG-Signalen und zum
Speichern von Informationen, welche fiir einen Wert der mehreren Parameter in Bezug auf den Zustand jedes
Patienten reprasentativ sind, in einem Speicher, wobei das Bestimmen des durchschnittlichen Herzschlags,
das Berechnen der mehreren Parameter und das Speichern der Informationen fortgesetzt wird, solange wei-
terhin EKG-Signale empfangen werden oder bis der Speicher voll ist;

eine Anzeige zum Anzeigen von mindestens einem Teil der gespeicherten Informationen als eine graphische
Anzeige, wobei die graphische Anzeige einen Trend von mindestens einem der mehreren Parameter darstellt;
und

einen Analysator, welcher zum Analysieren des angezeigten Trends des mindestens eine der mehreren Para-
meter geeignet ist, wobei die Anzeige mindestens ein Ergebnis der Analyse anzeigt,

wobei der Analysator Episoden erkennt, wobei jede Episode eine vorbestimmte Anzahl von Trendwerten tGber
einem vorbestimmten oberen Schwellenlevel oder unter einem vorbestimmten unteren Schwellenlevel aufweist,
welche innerhalb eines vorbestimmten Zeitraums voneinander auftreten.

Vorrichtung zur Analyse und Uberwachung des Myokards nach Anspruch 7, wobei die Anzeige die Anzahl der
erkannten Episoden anzeigt.

Vorrichtung zur Analyse und Uberwachung des Myokards nach Anspruch 7 oder 8, wobei der Analysator erkennt,
dass eine Zeitmenge flr einen Parameter von einem Maximalwert auf einen vordefinierten Wert abnimmt.

Vorrichtung zur Analyse und Uberwachung des Myokards nach Anspruch 9, wobei die Anzeige die erkannte Zeit-
menge anzeigt.

Vorrichtung zur Analyse und Uberwachung des Myokards nach Anspruch 9 oder 10, wobei die erkannte Zeitmenge
zu einem Start einer Patiententherapie beginnt.

Vorrichtung zur Analyse und Uberwachung des Myokards nach einem der Anspriiche 7 bis 11, wobei der Analysator
eine Erholungsmenge eines Parameters zu einer vorbestimmten Zeit erkennt.

Verfahren zur Analyse und Uberwachung des Myokards nach Anspruch 12, wobei die Anzeige die erkannte Erho-
lungsmenge anzeigt.

Computerausfiihrbarer Softwarecode, der auf einem computerlesbaren Medium gespeichert ist, wobei der Code
zum Durchfiihren der Analyse und Uberwachung des Myokards Folgendes umfasst:

Code zum Steuern eines Uberwachungssystems zum Empfangen einer Anzahl von EKG-Signalen in Bezug
auf einen Herzschlag von mindestens einem Patienten;

Code zum Umwandeln der empfangenen Anzahl von EKG-Signalen in drei vertikale EKG-Signale;

Code zum Bestimmen eines durchschnittlichen Herzschlags aus den EKG-Signalen;
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Code zum Berechnen mehrerer Parameter in Bezug auf einen Zustand jedes Patienten aus der Anzahl von
EKG-Signalen;

Code zum Speichern von Informationen, welche fur einen Wert der mehreren Parameter in Bezug auf den
Zustand jedes Patienten reprasentativ sind, in einem Speicher, wobei das Bestimmen des durchschnittlichen
Herzschlags, das Berechnen der mehreren Parameter und das Speichern der Informationen stattfindet, solange
weiterhin EKG-Signale empfangen werden oder bis der Speicher voll ist;

Code zum Anzeigen von mindestens einem Teil der gespeicherten Informationen als eine graphische Anzeige,
wobei die graphische Anzeige einen Trend von mindestens einem der mehreren Parameter darstellt;

Code zum Analysieren des angezeigten Trends des mindestens einen der mehreren Parameter;

Code zum Anzeigen von mindestens einem Ergebnis der Analyse, wobei der Code zum Analysieren Code zum
Erkennen von Episoden umfasst, wobei jede Episode eine vorbestimmte Anzahl von Trendwerten Uiber einem
vorbestimmten oberen Schwellenlevel oder unter einem vorbestimmten unteren Schwellenlevel aufweist, wel-
che innerhalb eines vorbestimmten Zeitraums voneinander auftreten.

Computerausfiihrbarer Softwarecode nach Anspruch 14, wobei der Code zum Analysieren Code zum Erkennen
umfasst, dass eine Zeitmenge fiir einen Parameter von einem Maximalwert auf einen vordefinierten Wert abnimmt.

Computerausfiihrbarer Softwarecode nach Anspruch 14, wobei der Code zum Analysieren Code zum Erkennen
einer Erholungsmenge eines Parameters zu einer vorbestimmten Zeit umfasst.

Revendications

1.

Procédé d’analyse et de controle de la fonction myocardique, comprenant les étapes consistant a :

recevoir un certain nombre de signaux ECG (électrocardiogramme) se rapportant a un battement cardiaque
d’au moins un patient ;

transformer le nombre de signaux ECG regus en trois signaux ECG perpendiculaires ;

déterminer un battement cardiaque moyen a partir des signaux ECG ;

calculer plusieurs parameétres liés a un état de chaque patient a partir dudit nombre de signaux ECG ;
stocker des informations représentatives d’'une valeur desdits parameétres liés a I'état de chaque patient dans
une mémoire ;

répéter les étapes de détermination dudit battement cardiaque moyen, de calcul desdits paramétres et de
stockage desdites informations tant que des signaux ECG continuent d’étre regus, ou jusqu’a ce que la mémoire
soit pleine ;

afficher au moins une partie des informations stockées comme un affichage graphique, I'affichage graphique
représentant une tendance d’au moins un des paramétres ;

analyser la tendance affichée de I'un au moins des paramétres ;

afficher au moins un résultat de I'analyse,

dans lequel ladite étape d’analyse comprend la détection d’épisodes, chaque épisode comprenant un nombre
prédéterminé de valeurs de tendance au-dessus d’un niveau de seuil supérieur prédéterminé ou au-dessous
d’un niveau de seuil inférieur prédéterminé se produisant dans une période de temps prédéterminée.

Procédé d’analyse et de contrdle de la fonction myocardique selon la revendication 1, comprenant en outre une
étape consistant a afficher le nombre d’épisodes détectés.

Procédé d’analyse et de contréle de la fonction myocardique selon les revendications 1 ou 2, dans lequel ladite
étape d’analyse comprend la détection d’'une quantité de temps pour qu’un parameétre diminue d’une valeur maximale

a une valeur prédéterminée.

Procédé d’analyse et de contrdle de la fonction myocardique selon la revendication 3, comprenant en outre une
étape consistant a afficher la quantité de temps détectée.

Procédé d’analyse et de contréle de la fonction myocardique selon 'une quelconque des revendications précédentes,
dans lequel ladite étape d’analyse comprend la détection d’'une quantité de rétablissement d’'un paramétre a un

temps prédéterminé.

Procédé d’analyse et de contréle de la fonction myocardique selon la revendication 5, comprenant en outre une
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12,
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étape consistant a afficher la quantité de rétablissement détectée.
Appareil d’analyse et de contrdle de la fonction myocardique, comprenant :

au moins une entrée recevant un certain nombre de signaux ECG se rapportant a un battement cardiaque d’au
moins un patient ;

un processeur congu pour transformer le nombre de signaux ECG regus en trois signaux ECG perpendiculaires,
déterminer un battement cardiaque moyen a partir des signaux ECG, calculer plusieurs parametres liés a un
état de chaque patient a partir dudit nombre de signaux ECG et stocker des informations représentatives d’'une
valeur desdits paramétres liés a I'état de chaque patient dans une mémoire, dans lequel la détermination dudit
battement cardiaque moyen, le calcul desdits parametres et le stockage desdites informations continuent tant
que des signaux ECG continuent a étre regus, ou jusqu’a ce que la mémoire soit pleine ;

un afficheur pour afficher au moins une partie des informations stockées comme un affichage graphique, I'af-
fichage graphique représentant une tendance d’au moins un des paramétres ; et

un analyseur congu pour analyser la tendance affichée de I'au moins un des paramétres, I'afficheur affichant
au moins un résultat de I'analyse,

dans lequel ledit analyseur détecte des épisodes, chaque épisode comprenant un nombre prédéterminé de
valeurs de tendance au-dessus d’un niveau de seuil supérieur prédéterminé ou au-dessous d’un niveau de
seuil inférieur se produisant dans une période prédéterminée de temps.

Appareil d’analyse et de contrdle de la fonction myocardique selon la revendication 7, dans lequel I'afficheur affiche
le nombre d’épisodes détectés.

Appareil d’analyse et de contrdle de la fonction myocardique selon la revendication 7 ou 8, dans lequel ledit analyseur
détecte une quantité de temps pour qu’'un parametre diminue d’une valeur maximale a une valeur prédéterminée.

Appareil d’analyse et de contrdle de la fonction myocardique selon la revendication 9, dans lequel I'afficheur affiche
la quantité de temps détectée.

Appareil d’analyse et de contrdle de la fonction myocardique selon la revendication 9 ou 10, dans lequel la quantité
de temps détectée commence au début d’une thérapie de patient.

Appareil d’'analyse et de contréle de la fonction myocardique selon I'une quelconque des revendications 7 a 11,
dans lequel ledit analyseur détecte une quantité de rétablissement d’'un paramétre a un temps prédéterminé.

Procédé d’analyse et de contrdle de la fonction myocardique selon la revendication 12, dans lequel I'afficheur affiche
la quantité de rétablissement détectée.

Code logiciel pouvant étre exécuté par ordinateur, stocké sur un support lisible par ordinateur, le code pour effectuer
I'analyse et le contrdle de la fonction myocardique comprenant :

un code pour commander un systéme de contréle pour recevoir un certain nombre de signaux ECG se rapportant
a un battement cardiaque d’au moins un patient ;

un code pour transformer le nombre de signaux ECG regus en trois signaux ECG perpendiculaires ;

un code pour déterminer un battement cardiaque moyen a partir des signaux ECG ;

un code pour calculer plusieurs parametres liés a un état de chaque patient a partir dudit nombre de signaux
ECG;

un code pour stocker des informations représentatives d’'une valeur desdits parameétres liés a I'état de chaque
patient dans une mémoire, la détermination dudit battement cardiaque moyen, le calcul desdits paramétres et
le stockage desdites informations étant effectués tant que des signaux ECG continuent a étre regus, ou jusqu’a
ce que la mémoire soit pleine ;

un code pour afficher au moins une partie des informations stockées comme un affichage graphique, I'affichage
graphique représentant une tendance d’au moins un des plusieurs parametre ;

un code pour analyser la tendance affichée de celui de 'au moins un des parameétres ;

un code pour afficher au moins un résultat de I'analyse, dans lequel ledit code pour I'analyse comprend un code
pour détecter des épisodes, chaque épisode comprenant un nombre prédéterminé de valeurs de tendance au-
dessus d’un niveau de seuil supérieur prédéterminé ou au-dessous d’un niveau de seuil inférieur prédéterminé
se produisant dans une période de temps prédéterminée.
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15. Code logiciel pouvant étre exécuté par ordinateur selon la revendication 14, dans lequel ledit code pour I'analyse
comprend un code pour détecter une quantité de temps pour qu’un paramétre diminue d’une valeur maximale une

valeur prédéterminée.

16. Code logiciel pouvant étre exécuté par ordinateur selon la revendication 14, dans lequel ledit code pour I'analyse
comprend un code pour détecter une quantité de rétablissement d’un parameétre a un temps prédéterminé.
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