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Description
Technical Field

[0001] The present invention relates to a monitor for
early detection of an ischemic heart disease of a patient
comprising an impedance measurement means includ-
ing electrode means for measuring an intracardiac im-
pedance and generating a corresponding impedance
signal, and a notch detector connected to said imped-
ance measurement means detecting the occurrence of
anotch in said impedance signal coincident with the entry
of blood into the ventricle.

Background

[0002] A monitor of the above defined kind is described
in WO 02/43587.

[0003] Congestive heart failure (CHF) is a fast growing
health problem that mostly affects only adults. In this con-
dition the heart is unable to pump enough blood to meet
the need of the body’s organs. Among the most common
causes of CHF can be mentioned coronary artery dis-
ease, causing myocardial ischemia, myocardial infarc-
tion and cardiomyopathy. During ischemia the cardiac
relaxation, i.e. diastolic, is changed or disturbed because
the cardiac muscle is stiffened. A disturbed diastolic
phase or diastolic failure is a very early kind of congestive
heart failure, such that at this early state it might not even
appear as symptoms to the patient. Detection of these
early signs of disturbed relaxation patterns is described
in the above mentioned WO 02/43587.

[0004] Early detection of ischemic heart disease (IHD)
is required since that will give opportunities to prevent
life threatening complications. By using a parameter such
as diastolic intracardiac impedance IHD will be detected
at a much earlier stage and myocardiac consequences
such myocardial infarction (Ml) and CHF may be prevent-
ed.

[0005] IHD prevents normal cardiac function because
oxygen supply to the cardiac muscle is too low. In the
acute stage of global cardiac ischemia (after 1-2s), re-
laxation failure occurs in the diastole (filling phase) as
the myocardial tissue stiffens from lack of oxygen, fol-
lowed by contraction failure (after 10s), increased filling
pressures (after 20s), changes in ECG (after 25 s) and
angina (30 s). Even if global ischemia is removed after
a few seconds and oxygen supply is fully recovered, the
disturbed relaxation may remain for hours or days. The
diastole portion of the cardiac cycle seems to be the most
sensitive parameter for IHD since it is effected first and
residue effects remain for a long period after oxygen sup-
ply is restored. Cardiac tissue stiffness caused by IHD
prevents adequate passive ventricular filling. The heart
willtry to compensate for this decreased filling by a largely
increased atrial contraction. The atrial contribution to the
ventricular filling in relation to passive filling will thus in-
crease and this is often seen as an inverted Early filling/
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Atrial contribution (E/A) quotient in echocardiographical
measurements of mitral blood flow. Figure 1 shows sche-
matically the early filling E and the atrial contribution A
of mitral value blood flow for a normal healthy heart and
an abnormal heart suffering from IHD.

[0006] When IHD progresses it may lead to MI, CHF
and/or the patient’s death. In fact early detection of IHD
can serve as an early marker for CHF risk factor.
[0007] Detection of the start of the diastolic phase by
a "notch" detection is described in the above mentioned
PCT/SE01/02615, cf. also Brian R. Pickett et. al., The
American Journal of Cardiology, Vol. 71, May 1, 1993,
" Usefulness of the Impedance Cardiogram to Reflect
Left Ventricular Diastolic Function ", which describes a
study of the correlation between a dip in a non-invasively
measured impedance and Doppler measurements for di-
astolic studies showing the appearance of a notch in the
impedance signal corresponding to early diastole of a
cardiac cycle.

[0008] The intracardiac impedance reflects the blood
volume in the heart chambers, and the purpose of the
present invention is to provide a monitor for early detec-
tion of an ischemic heart decease as described above
by studying the measured intracardiac impedance curve
during a selected portion of the cardiac cycle related to
said notch.

Disclosure of the invention

[0009] This purpose is obtained by a monitor of the
type defined in the introductory portion of the description
and having the characterizing features of claim 1.
[0010] The above discussed increased stiffness of the
heart tissue caused by IHD is reflected in the shape of
the post notch portion of the measured impedance curve
and this phenomena is thus utilized in the monitor ac-
cording to the invention for early detection of a ischemic
heart decease.

[0011] Generally the impedance curve has a plateau
after the notch, which for IHD patients is followed by a
dominating decrease coinciding with atrial contraction,
indicating that the atria of these IHD patients are trying
to compensate for the reduced passive ventricular filling.
To detect this decrease, according to an advantageous
embodiment of the monitor according to the invention, a
differentiating means is provided to calculate the time
derivative, dZ/dt, of the impedance curve, and the pattern
of recognition means is adapted to compare the shape
of the time derivative in the post notch portion of the im-
pedance curve with a predetermined reference imped-
ance derivative template.

[0012] According to other advantageous embodi-
ments of the monitor according to the invention a calcu-
lation means is provided to calculate, for each cardiac
cycle, an ischemic heart decease index, ZIHD-index, de-
fined by
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ZIHD-index = AZ+/0Z,

where AZ, denotes, for each cardiac cycle, the difference
between a maximum value of the measured impedance
and the impedance value measured in a plateau occur-
ring in the impedance curve after the notch, and AZ, the
difference between the impedance value in the plateau
and a minimum value of the measured impedance in an
impedance decrease following the plateau, for detecting
an ischemic heart disease from the calculated ZIHD-in-
dex. The ZIHD-index indicates the ratio between the pas-
sive filling and the contribution from the atrium to the ven-
tricle filling. With the ZIHD-index the progression and de-
gree of IHD can be monitored and the degree of cardiac
compensation for the IHD can be calculated. The more
the atrium is compensating for reduced passive ventricu-
lar filling the more advanced is the IHD. Atrial compen-
sation is feasible only to a certain point and the more IHD
progresses the more enlarged the atrium will become
and the risk of atrial defibrillation AF is increased. By
monitoring the ZIHD-index development of AF problems
can be avoided. Alternatively to the monitoring of the ZI-
HD-index a first comparison means can be provided to
compare the absolute value |AZ,| of AZ, and/or the ab-
solute value |AZ,| of AZ, with a predetermine AZ, thresh-
old value and/or a predetermined AZ, threshold value
respectively. AZ, is a measure of the function of the atri-
um and by monitoring AZ, it is possible to observe how
the disease is advancing.

[0013] The post-notch plateau is not always a horizon-
tal plateau and some patients have an overshoot after
the notch. It is therefore advantageous, according to still
another embodiment of the monitor according to the in-
vention, to provide a first averaging means to determine
an average value of the measured impedance curve in
a predetermined time window after the notch for use as
a plateau impedance value. The delay of said window
after the notch is selectable and the length of the time
window is preferably in the range of 100-150 msec.
[0014] According to yet other advantageous embodi-
ments of the monitor according to the invention a loop
creator is connected to the impedance measurement
means and to the differentiating means to receive the
impedance signal and the first time derivative dZ/dt of
the impedance signal for plotting impedance values
against related time derivative values to form a loop for
each cardiac cycle, and a third comparison means is con-
nected to the loop creator for comparing the loop with a
predetermined loop template to detect an ischemic heart
disease from the result of the comparison. The third com-
parison means is preferably adapted to compare the
shape of the loop in that part of the loop, which corre-
sponds to the post-notch portion of the impedance curve,
with corresponding part of the loop template. By analyz-
ing such a loop very clear indications can be obtained of
deviations indicating an ischemic heart disease.
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[0015] According to still other advantageous embodi-
ments of the monitor according to the invention a second
averaging means is connected to the impedance meas-
uring means for determining an average impedance sig-
nal of impedance signals measured during a predeter-
mined number of cardiac cycles, and the pattern recog-
nition means is connected to the second averaging
means to compare the average value of the post-notch
impedance curves with the reference impedance curve
template. A third averaging means can be connected to
the differentiating means for determining an average time
derivative of impedance signals measured during a pre-
determined number of cardiac cycles, and the pattern
recognition means is connected to the third averaging
means to compare the average time derivative of the
post-notch portion of the measured impedance curves
with corresponding part of the reference impedance de-
rivative template. The loop creator is preferably connect-
ed to the second and third averaging means to receive
the averaging impedance signal and average time deriv-
ative to form a corresponding average loop, and the third
comparison means is adapted to compare the average
loop with the predetermined loop template. By using av-
erage quantities in this way in the detection of an ischemic
heart disease the reliability in the detection can be still
improved.

Brief description of the drawings

[0016] To explain the invention in greater details an
exemplifying embodiment of the monitor according to the
invention with the described with reference to figure 5 on
the drawings, on which figure 1 illustrates the ratio be-
tween the early passive filling and the atrial contribution
to the mitral valve blood flow for a normal heart and an
abnormal heart suffering from an ischemic heart disease,
figure 2 shows results of impedance measurements
formed in a humans heart, figure 3 shows average value
and standard deviation for a plurality ofimpedance meas-
urements, figure 4 illustrates use of the first time deriva-
tive of the impedance curve for detection of an ischemic
heart disease, and figure 5 shows in the form of the block
diagram an embodiment chosen as an example of the
monitor according to the invention.

Description of a preferred embodiment

[0017] Figure 2 shows results of right ventricular im-
pedance measurements in four humans, viz. A) a 73 year
old male, suffering from IHD and having a normal ejection
fraction EF of 70% (patient number 14), B) a 67 year old
male, suffering from IHD and having a reduced EF of
35% (patient number 6), C) a 24 year old male, having
no IHD and reduced EF of 42% (patient number 20), and
D) a healthy 27 year old female (patient number 19).

[0018] AC impedance measurements were performed
using measuring catheters of type USCI Baid EP. Current
was injected between a tip electrode positioned in right
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ventricular apex and a ring separated 10 mm from the
tip. The resulting voltage response was measured be-
tween the same two electrodes.

[0019] In figure 2 the average value and the standard
deviation for the measured impedance Z, the corre-
sponding quantities for the first time derivative of the im-
pedance curves dZ/dt, as well as a normalized ECG as
a function of time.

[0020] These measurements can be used to discrim-
inate IHD from non-IHD by using pattern recognition by
comparing the post-notch impedance curve or its time
derivative to "normal" impedance templates or "normal”
first time derivative templates.

[0021] Fromfigure 2 appears that for humans suffering
from IHD the measured impedance curve Z exhibits, after
the notch indicated in the figure by a vertical dashed bold
line, a plateau followed by the steep decrease. The im-
pedance curve Z for a non-IHD human has no such pla-
teau and decrease, cf. diagrams C) and D) in figure 2.
[0022] In the corresponding dZ/dt curves IHD mani-
fests itself as a distinct minimum in the post-notch region,
encircled in diagram A) and B) in figure 2. Such a distinct
minimum cannot be traced in the dZ/dt curves from non-
IHD humans.

[0023] The measured Z and dZ/dt curves can be used
for creating loops as described in the above mentioned
PCT/SE01/02615 and IHD be detected by analyzing that
part of the resulting loops which correspond to the post-
notch portion of the impedance curves.

[0024] Figure 3 shows the average impedance curve
and the standard deviation from measurements on the
plurality of cardiac cycles for A) a IHD patient and B) a
healthy patient.

[0025] It appears from figure 3 that patients having
IHD, independent of EF status, exhibit a plateau after the
notch in the impedance curve Z followed by a dominating,
distinct decrease coinciding with atrial contraction. The
position of the notch is marked in the diagrams of figure
3 by a dashed, vertical, bold line. As discussed above
this decrease corresponds to the compensation by the
atrium for the reduced passive filling of the ventricle of
these patients.

[0026] The impedance curve Z for non-IHD patients
may also have a plateau like portion after the impedance
notch and atrial contraction may also be seen as a de-
crease in the impedance curve, but not as clear and dom-
inating as for IHD patients.

[0027] Discriminating IHD patients from non-IHD pa-
tients can be accomplished by calculating a ZIHD-index
= AZ4IAZ,

[0028] As appears from figure 3

A2y =Znax—2Z plateau

where Z,,.., denotes the maximum value of the imped-
ance curveinthe notch region and Z,, 5, the impedance
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value of the post-notch plateau, and

AZy= Zplateu — Zain

where Z,,,;, denotes minimum value in the decrease fol-
lowing the plateau.

[0029] This index ZIHD is smaller for IHD patients, di-
agram A), than for non-IHD patients, diagram B).
[0030] The maximum value Z,,, appears in figure 3
before the notch, however sometimes a maximum value
of the impedance after the notch can be used. For some
patients it can be suitable to use as maximum value Z,,,,
an average value of a maximum value occurring before
the notch and a maximum value occurring after the notch,
cf. figure 2A).

[0031] The plateau value Z,, 44, can preferably be de-
termined as an average value of the measured imped-
ance curve in a predetermined time window after the
notch. The length of this window can suitably be in the
range of 100-150 msec and the location of the time win-
dow can be delayed more or less after the notch depend-
ing on the appearance of the impedance curve in the
vicinity of the notch (occurrence of possible overshoots,
etc.). The time from the occurrence of the notch to the
steep decrease in the measured Z curve is depending
on the heart rate, the length of the plateau decreasing
with increasing heart rate. This must also be taken into
consideration when determining the length of the time
window.

[0032] Figure 4 shows the dZ/dt curves and the nor-
malized ECG:s of figure 2. From this figure it appears
that by using a suitably selected discriminating threshold
level, indicated by a horisontal dashed bold line after the
notch in the dZ/dt-curves, the large down-slope coincid-
ing with atrial activity for IHD patients can be correctly
detected. Thus for humans A) and B) the dZ/dt curves
decrease below the marked threshold value indicating
IHD, whereas for humans C) and D) the dZ/dt curves
never reach this threshold, indicating non-IHD.

[0033] Figure 5 shows a preferred embodiment of the
monitor according to the invention in the form of a block
diagram. The measured impedance Z, block 1, is sup-
plied to a notch detector 3, of the kind described in
PCT/SE01/02615. The notch detector 3 detects notch
existence and timing in the measured impedance curve.
The pattern recogniser 4 detects the shape of the post-
notch impedance curve and compares it with a stored
predetermined reference or normal impedance curve
template.

[0034] A differentiating means is provided to calculate
the first time derivative dZ/dt, block 2, which is also sup-
plied to the pattern recogniser 4 for comparison of the
shape of the dZ/dt curve in the post-notch portion with a
predetermined reference impedance derivative tem-
plate.

[0035] dZ/dtis also supplied to a dZ/dt marker detector



7 EP 1 384 433 B1 8

5 for detecting the large negative dZ/dt-values of IHD
patients coinciding with atrial activity after detection of a
notch as described above, eg. by comparing dZ/dt with
a predetermined threshold value.

[0036] The ZIHD-index calculator 6 is calculating the
ZIHD-index = AZ4/AZ, for use for distinguishing IHD pa-
tients from non-IHD patients as described above. With
the aid of the ZIHD-index the IHD progression or degree
can be monitored. Progressing IHD results in increasing
atrial compensation for reduced passive ventricular fill-
ing. However, this compensation is only possible to a
certain point. With still progressing IHD the atrium will
become enlarged and the risk of atrial defibrillation is
obvious. By monitoring the ZIHD-index future atrial defi-
brillation problems can be avoided.

[0037] The embodiment shown in figure 5 also com-
prises a monitor and diagnostics unit 7 for collecting, an-
alyzing and storing measuring data. Sometimes the
notch does not appear clearly and might be difficult to
detect. Information from previous measurements on the
patient in question can in this case be used for locating
the decrease in the impedance curve corresponding to
atrial activity.

Claims

1. A monitor for early detection of heart disease of a
patient comprising an impedance measurement
means (1) including electrode means for measuring
an intracardiac impedance and generating a corre-
sponding impedance signal, and a notch detector (3)
connected to said impedance measurement means
for detecting the occurrence of a notch in said im-
pedance signal coincident with the entry of blood into
the ventricle, characterized in that the monitor is
for detecting ischemic heart disease and that a pat-
tern recognition means (4) is provided to compare
the measured post-notch impedance curve with a
stored predetermined reference impedance curve
template to detect an ischemic heart disease from
the result of the comparison.

2. The monitor according to claim 1, characterized in
that said pattern recognition means (4) is adapted
to compare the shape of the post-notch portion of
the impedance curve with said impedance curve
template.

3. The monitor according to claims 1 or 2, character-
ized in that a differentiating means (2) is provided
to calculate the time derivative, dZ/dt, of the imped-
ance curve, and in that said pattern recognition
means (4, 5) is adapted to compare the shape of
said time derivative in the post-notch portion of the
impedance curve with a predetermined reference
impedance derivative template.
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4. The monitor according to any of the preceding
claims, characterized in that a calculation means
is provided to calculate, for each cardiac cycle, an
ischemic heart disease index, ZIHD-index, defined
by

ZIHD-index = AZ4y/ OZ;

where AZ, denotes, for each cardiac cycle, the dif-
ference between a maximum value of the measured
impedance and the impedance value measuredin a
plateau occurring in the impedance curve after said
notch, and AZ, the difference between the imped-
ance value in said plateau and a minimum value of
the measuredimpedance in animpedance decrease
following said plateau, for detecting an ischemic
heart disease from the calculated ZIHD-index.

5. The monitor according to the claim 4, characterized
in that a first comparison means is provided to com-
pare the absolute value |AZ4| of AZ; and/or the ab-
solute value |AZ,| of AZ, with a predetermined AZ,
threshold value and/or a predetermined AZ, thresh-
old value respectively.

6. The monitor according to claims 4 or 5, character-
ized in that said maximum value of the measured
impedance is a maximum value located before the
notch in the cardiac cycle.

7. The monitor according to the claims 4 or 5, charac-
terized in that said maximum value of the measured
impedance is a maximum value located after the
notch in the cardiac cycle.

8. The monitor according to the claims 4 or 5, charac-
terized in that said maximum value of the measured
impedance is an average value of a maximum value
located before the notch in the cardiac cycle and a
maximum value located after the notch.

9. The monitor according to any of the claims 4-8, char-
acterized in that afirstaveraging means is provided
to determine an average value of the measured im-
pedance curve in a predetermined time window after
the notch for use as a plateau impedance value.

10. The monitor according to the claim 9, characterized
in that the delay of time window after the notch is
selectable.

11. The monitor according to the claims 9 or 10, char-
acterized in that the length of said time window is

in the range of 100-150 msec.

12. The monitor according to any of the claims 3-11,
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14.

15.

16.

17.
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characterized in that said differentiating means (2)
is adapted to determine the slope of said impedance
decrease following the plateau in the impedance
curve from said time derivative, dZ/dt, of the imped-
ance signal, and in that a second comparison means
(5) is provided to compare said slope with a prede-
termined slope threshold level.

The monitor according to any of the claims 3-12.
characterized in that a loop creator is connected
to said impedance measurement means (1) and to
said differentiating means (2) to receive said imped-
ance signal and said first time derivative dZ/dt of the
impedance signal for plotting impedance values
against related time derivative values to form a loop
foreach cardiac cycle, and in that a third comparison
means is connected to said loop creator for compar-
ing said loop with a predetermined loop template to
detect an ischemic heart disease from the result of
the comparison.

The monitor according to claim 13, characterized
in that said third comparison means is adapted to
compare the shape of the loop in that part of the
loop, which corresponds to the post-notch portion of
theimpedance curve, with corresponding part of said
loop template.

The monitor according to any of the preceding
claims, characterized in that a second averaging
means is connected to said impedance measuring
means (1) for determining an average impedance
signal of impedance signals measured during a pre-
determined number of cardiac cycles, and in that
said pattern recognition means (4) is connected to
said second averaging means to compare the aver-
age value of the post-notch impedance curves with
said reference impedance curve template.

The monitor according to any of the claims 3-15,
characterized in that a third averaging means is
connected to said differentiating means (2) for de-
termining an average time derivative of impedance
signals measured during a predetermined number
of cardiac cycles, andin that said pattern recognition
means is connected to said third averaging means
to compare said average time derivative (4, 5) of the
post-notch portion of the measured impedance
curves with corresponding part of said reference im-
pedance derivative template.

The monitor according to claims 15 and 16, charac-
terized in that said loop creator is connected to said
second and third averaging means to receive said
average impedance signal and said average time
derivative to form a corresponding average loop, and
in that said third comparison means is adapted to
compare said average loop with said predetermined
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18.

19.

20.

21.

22,

10
loop template.

The monitor according to any of the claims 5-17,
characterized in that said first, second and third
comparison means are realised by one and the same
comparison means.

The monitor according to any of the claims 9-18,
characterized in that said first, second and third
averaging means are realised by one and the same
averaging means.

The monitor according to any of the preceding
claims, characterized in that said electrode means
comprises a bipolar ventricular electrode and in that
said impedance measuring means (1) is adapted to
measure the impedance between electrode tip and
ring.

The monitor according to any of the claims 1-19, said
monitor being implantable, characterized in that
said electrode means comprises an unipolar ven-
tricular electrode and in that said impedance meas-
uring means (1) is adapted to measure the imped-
ance between electrode and monitor casing.

A heart stimulator comprising a pulse generator for
generating stimulation pulses for delivery to a pa-
tient’'s heart by means of electrode means adapted
for location in one or both of the lower chambers of
the heart, characterized by a monitor according to
any one of the preceding claims.

Patentanspriiche

1.

Monitor zur Friherkennung einer Herzerkrankung
eines Patienten, enthaltend eine Impedanzmessvor-
richtung (1) einschlieBlich einer Elektrodenvorrich-
tung zum Messen einer intrakardialen Impedanz und
zum Erzeugen eines entsprechenden Impedanzsi-
gnals, sowie einen mit der genannten Impedanz-
messvorrichtung verbundenen Kerbstellendetektor
(3) zum Erfassen des Auftretens einer, mit dem Ein-
tritt von Blut in den Ventrikel zusammenfallenden
Kerbstelle in dem genannten Impedanzsignal, da-
durch gekennzeichnet, dass der Monitor zum Er-
kennen einer ischamischen Herzerkrankung vorge-
sehen ist und dass eine Mustererkennungsvorrich-
tung (4) vorgesehen ist, um die nach der Kerbstelle
gemessene Impedanzkurve mit einer gespeicherten
vorbestimmten Referenzimpedanzkurvenschablo-
ne zu vergleichen, um aus dem Vergleichsergebnis
eine ischamische Herzerkrankung zu detektieren.

Monitor nach Anspruch 1, dadurch gekennzeich-
net, dass die genannte Mustererkennungsvorrich-
tung (4) ausgelegt ist, die Form des Abschnittes der
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Impedanzkurve nach der Kerbstelle mit der genann-
ten Impedanzkurvenschablone zu vergleichen.

Monitor nach Anspruch 1 oder 2, dadurch gekenn-
zeichnet, dass eine Differenziervorrichtung (2) vor-
gesehen ist, um die Zeitableitung, dZ/dt, der Impe-
danzkurve zu berechnen und dass die genannte Mu-
stererkennungsvorrichtung (4, 5) ausgelegt ist, die
Form der genannten Zeitableitung im Abschnitt der
Impedanzkurve nach der Kerbstelle mit einer vorbe-
stimmten Referenzimpedanzableitungsschablone
zu vergleichen.

Monitor nach einem der vorhergehenden Anspri-
che, dadurch gekennzeichnet, dass die Berech-
nungsvorrichtung ausgelegt ist fiir jeden Herzzyklus
einen ischdmischen Herzerkrankungsindex, ZIHD-
Index, zu berechnen, der definiert ist als

ZIHD-Index = AZ,/AZ,

wobei AZ, fur jeden Herzzyklus die Differenz, zwi-
schen einem Maximalwert der gemessenen Impe-
danz und dem Impedanzwert bedeutet, der in einem
Plateau gemessen wird, welches in der Impedanz-
kurve nach der genannten Kerbstelle auftritt, und
AZ, die Differenz zwischen dem Impedanzwert in
dem genannten Plateau und einem Minimalwert der
gemessenen Impedanz in einem auf das genannten
Plateau folgenden Impedanzabfall bedeutet, um aus
dem berechneten ZIHD-Index eine ischdmische
Herzerkrankung zu detektieren.

Monitor nach Anspruch 4, dadurch gekennzeich-
net, dass eine erste Vergleichsvorrichtung vorge-
sehen ist, um den absoluten Wert |AZ,| von AZ; und/
oder den absoluten Wert |[AZ,| von AZ, jeweils mit
einem vorbestimmten AZ; Schwellenwert und/oder
einem vorbestimmten AZ, Schwellenwert zu verglei-
chen.

Monitor nach Anspruch 4 oder 5, dadurch gekenn-
zeichnet, dass der genannte Maximalwert der ge-
messenen Impedanz ein vor der Kerbstelle in dem
Herzzyklus gelegener Maximalwert ist.

Monitor nach Anspruch 4 oder 5, dadurch gekenn-
zeichnet, dass der Maximalwert der gemessenen
Impedanz ein nach der Kerbstelle in dem Herzzyklus
gelegener Maximalwert ist.

Monitor nach Anspruch 4 oder 5, dadurch gekenn-
zeichnet, dass der genannte Maximalwert der ge-
messenen Impedanz ein Durchschnittswert aus ei-
nem vor der Kerbstelle in dem Herzzyklus gelegenen
Maximalwert und aus einem nach der Kerbstelle ge-
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10.

11.

12,

13.

14,

15.

legenen Maximalwert ist.

Monitor nach einem der Anspriiche 4 bis 8, dadurch
gekennzeichnet, dass eine erste Mittelwertbil-
dungsvorrichtung vorgesehen ist, um fur die Ver-
wendung als Plateauimpedanzwert einen Durch-
schnittswert der in einem vorbestimmten Zeitfenster
nach der Kerbstelle gemessenen Impedanzkurve zu
bestimmen.

Monitor nach Anspruch 9, dadurch gekennzeich-
net, dass die Verzégerung des Zeitfensters nach
der Kerbstelle wahlbar ist.

Monitor nach Anspruch 9 oder 10, dadurch gekenn-
zeichnet, dass die Lange des genannten Zeitfen-
sters im Bereich von 100 bis 150 msek liegt.

Monitor nach einem der Anspriiche 3 bis 11, da-
durch gekennzeichnet, dass die Differenziervor-
richtung (2) ausgelegt ist, die Neigung des genann-
ten, auf das Plateau in der Impedanzkurve folgenden
Impedanzabfalls aus der genannten Zeitableitung,
dZ/dt, des Impedanzsignals zu bestimmen, und dass
eine zweite Vergleichsvorrichtung (5) vorgesehen
ist, um die genannte Neigung mit einem vorbestimm-
ten Neigungsschwellenwertpegel zu vergleichen.

Monitor nach einem der Anspriiche 3 bis 12, da-
durch gekennzeichnet, dass mit der genannten
Impedanzmessvorrichtung (1) und mit der genann-
ten Differenziervorrichtung (2) ein Schleifenerzeu-
ger verbunden ist, um das genannte Impedanzsignal
und die genannte erste Zeitableitung, dZ/dt, des Im-
pedanzsignals zu empfangen, zum Aufzeichnen von
Impedanzwerten gegenuiber den zugehdrigen Zeit-
ableitungswerten, um fiir jeden Herzzyklus eine
Schleife zu bilden, und dass zum Vergleichen der
genannten Schleife mit einer vorbestimmten Schlei-
fenschablone mit dem genannten Schleifenerzeu-
ger eine dritte Vergleichsvorrichtung verbunden ist,
um aus dem Vergleichsergebnis eine ischamische
Herzerkrankung zu detektieren.

Monitor nach Anspruch 13, dadurch gekennzeich-
net, dass die genannte dritte Vergleichsvorrichtung
ausgelegt ist, die Form der Schleife in dem Teil der
Schleife mit einem entsprechenden Teil der genann-
ten Schleifenschablone zu vergleichen, der dem Ab-
schnitt der Impedanzkurve nach der Kerbstelle ent-
spricht.

Monitor nach einem der vorhergehenden Anspri-
che, dadurch gekennzeichnet, dass zum Bestim-
men eines durchschnittlichen Impedanzsignals von
den wahrend einer vorbestimmten Anzahl von Herz-
zyklen gemessenen Impedanzsignalen, mit der Im-
pedanzmessvorrichtung (1) eine zweite Mittelwert-
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17.

18.

19.

20.

21.

13

bildungsvorrichtung verbunden ist, und dass die ge-
nannte Mustererkennungsvorrichtung (4) mit der ge-
nannten zweiten Mittelwertbildungsvorrichtung ver-
bunden ist, um den Durchschnittswert der hinter der
Kerbstelle liegenden Impedanzkurven mit der ge-
nannten Referenzimpedanzkurvenschablone zu
vergleichen.

Monitor nach einem der Anspriiche 3 bis 15, da-
durch gekennzeichnet, dass zum Bestimmen ei-
ner durchschnittlichen Zeitableitung der wahrend ei-
ner vorbestimmten Anzahl von Herzzyklen gemes-
senen Impedanzsignale, mit der genannten Diffe-
renziervorrichtung (2) eine dritte Mittelwertbildungs-
vorrichtung verbunden ist, und dass die genannte
Mustererkennungsvorrichtung mit der genannten
dritten Mittelwertbildungsvorrichtung verbunden ist,
um die genannte durchschnittliche Zeitableitung (4,
5) des Abschnittes der gemessenen Impedanzkur-
ven nach der Kerbstelle mit einem entsprechenden
Teil der genannten Referenzimpedanzableitungs-
schablone zu vergleichen.

Monitor nach den Anspriichen 15 und 16, dadurch
gekennzeichnet, dass der genannte Schleifener-
zeuger mit der genannten zweiten und dritten Mittel-
wertbildungsvorrichtung verbunden ist, um das ge-
nannte Durchschnittsimpedanzsignal und die ge-
nannte durchschnittliche Zeitableitung zu empfan-
gen, um eine entsprechende Durchschnittsschleife
zu bilden, und dass die genannte dritte Vergleichs-
vorrichtung ausgelegt ist, die genannte Durch-
schnittsschleife mit der genannten vorbestimmten
Schleifenschablone zu vergleichen.

Monitor nach einem der Anspriiche 5 bis 17, da-
durch gekennzeichnet, dass die genannte erste,
zweite und dritte Vergleichsvorrichtung durch ein
und dieselbe Vergleichsvorrichtung realisiert sind.

Monitor nach einem der Anspriiche 9 bis 18, da-
durch gekennzeichnet, dass die genannte erste,
zweite und dritte Mittelwertbildungsvorrichtung
durch ein und dieselbe Mittelwertbildungsvorrich-
tung realisiert sind.

Monitor nach einem der vorhergehenden Anspri-
che, dadurch gekennzeichnet, dass die genannte
Elektrodenvorrichtung eine bipolare ventrikulare
Elektrode enthalt, und dass die genannte Impedanz-
messvorrichtung (1) ausgelegtist, die Impedanz zwi-
schen Elektrodenspitze und Elektrodenring zu mes-
sen.

Monitor nach einem der Anspriiche 1 bis 19, wobei
der genannte Monitor implantierbar ist, dadurch ge-
kennzeichnet, dass die genannte Elektrodenvor-
richtung eine unipolare ventrikulare Elektrode ent-

10

15

20

25

30

35

40

45

50

55

EP 1 384 433 B1

22,

14

hélt, und dass die genannte Impedanzmessvorrich-
tung (1) ausgelegt ist, die Impedanz zwischen der
Elektrode und dem Monitorgehduse zu messen.

Herzstimulator, enthaltend einen Impulsgenerator
zum Erzeugen von Stimulationsimpulsen fir die
Ausgabe zum Herzen eines Patienten mittels einer
Elektrodenvorrichtung, ausgelegt fiir eine Positio-
nierung in einer oder in beiden der unteren Herz-
kammern, gekennzeichnet durch einen Monitor
nach einem der vorhergehenden Anspriiche.

Revendications

Moniteur pour la détection précoce de maladie car-
diaque d’un patient, comprenant un moyen (1) de
mesure d’'impédance comportant un moyen formant
électrode destiné a mesurer une impédance intra-
cardiaque et a produire un signal d’impédance cor-
respondant, et un détecteur (3) d’encoche connecté
au moyen de mesure d’'impédance, destiné a détec-
ter I'apparition d’'une encoche dans le signal d'impé-
dance coincidant avec I'afflux de sang dans le ven-
tricule, caractérisé en ce que le moniteur permet
de détecter une cardiopathie ischémique et en ce
qu’il est prévu un moyen (4 ) de reconnaissance de
formes destiné a comparer la courbe d’'impédance
post-encoche mesurée avec un modele de courbe
d’'impédance de référence déterminé a I'avance et
mémorisé, afin de détecter une cardiopathie isché-
mique a partir du résultat de la comparaison.

Moniteur suivant la revendication 1, caractérisé en
ce que le moyen (4) de reconnaissance de formes
est congu pour comparer la forme de la partie post-
encoche de la courbe d'impédance avec le modéle
de courbe d’impédance.

Moniteur suivant la revendication 1 ou 2, caractéri-
sé en ce qu’il est prévu un moyen (2) de différen-
ciation destiné a calculer la dérivée par rapport au
temps, dZ/dt, de la courbe d'impédance, et en ce
que le moyen (4, 5) de reconnaissance de formes
est destiné a comparer la forme de la dérivée par
rapport au temps dans la partie post-encoche de la
courbe d’impédance, avec un modéle de dérivée
d’'impédance de référence déterminé a I'avance.

Moniteur suivant I'une quelconque des revendica-
tions précédentes, caractérisé en ce qu’il est prévu
un moyen de calcul, destiné a calculer, pour chaque
cycle cardiaque, un indice de cardiopathie ischémi-
que, indice ZIHD, défini par :

indice ZIHD = AZ,/AZ»
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ou AZ, désigne, pour chaque cycle cardiaque, la dif-
férence entre une valeur maximum de I'impédance
mesurée et la valeur d'impédance mesurée sur un
plateau apparaissant sur la courbe d’impédance
apreés I'encoche, et AZ, désigne la différence entre
la valeur d’impédance sur le plateau et une valeur
minimum de I'impédance mesurée lors d’'une dimi-
nution de 'impédance faisant suite au plateau, afin
de détecter une cardiopathie ischémique a partir de
lindice ZIHD calculé.

Moniteur suivant la revendication 4, caractérisé en
ce qu’il est prévu un premier moyen de comparai-
son, destiné a comparer la valeur absolue |AZ4| de
AZ, et/ou la valeur absolue |AZ,| de AZ, avec une
valeur AZ, de seuil déterminée a I'avance et/ou une
valeur AZ, de seuil déterminée a 'avance, respec-
tivement.

Moniteur suivant la revendication 4 ou 5, caractéri-
sé en ce que la valeur maximum de l'impédance
mesurée est une valeur maximum située avant I'en-
coche dans le cycle cardiaque.

Moniteur suivant la revendication 4 ou 5, caractéri-
sé en ce que la valeur maximum d’impédance me-
surée est une valeur maximum située aprés I'enco-
che dans le cycle cardiaque.

Moniteur suivant la revendication 4 ou 5, caractéri-
sé en ce que la valeur maximum de l'impédance
mesurée est une valeur moyenne d’une valeur maxi-
mum située avant I'encoche dans le cycle cardiaque
et d’'une valeur maximum située aprées I'encoche.

Moniteur suivant 'une quelconque des revendica-
tions 4 a 8, caractérisé en ce qu’il est prévu un
premier moyen d’établissement de moyenne, desti-
né a déterminer une valeur moyenne de la courbe
d'impédance mesurée dans une fenétre de temps
déterminée a I'avance aprés I'encoche, a utiliser en
tant que valeur d'impédance de plateau.

Moniteur suivant la revendication 9, caractérisé en
ce que le retard de la fenétre de temps apres I'en-
coche peut étre sélectionné.

Moniteur suivant la revendication 9 ou 10, caracté-
risé en ce que la longueur de la fenétre de temps
se situe dans la plage de 100 a 150 ms.

Moniteur suivant I'une quelconque des revendica-
tions 3 a 11, caractérisé en ce que le moyen ( 2)
de différenciation est congu pour déterminerla pente
deladiminution d'impédance faisant suite au plateau
sur la courbe d’impédance, a partir de la dérivée par
rapport au temps, d2/dt, du signal d'impédance, et
en ce qu’il est prévu un deuxiéme moyen (5) de
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13.

14,

15.

16.

17.

comparaison destiné a comparer la pente avec un
niveau de seuil de pente déterminé a I'avance.

Moniteur suivant I'une quelconque des revendica-
tions 3 a 12, caractérisé en ce qu’un générateur
de boucles est connecté au moyen ( 1) de mesure
d’'impédance et au moyen (2) de différenciation
pour recevoir le signal d'impédance et la premiére
dérivée par rapport au temps dz/dt du signal d’im-
pédance afin de tracer des valeurs d'impédance par
rapport a des valeurs associées de dérivée par rap-
port au temps, en vue de former une boucle pour
chaque cycle cardiaque, et en ce qu’un troisieme
moyen de comparaison est connecté au générateur
de boucles pour comparer la boucle avec un modéle
de boucle déterminé a I'avance, afin de détecter une
cardiopathie ischémique a partir du résultat de la
comparaison.

Moniteur suivant la revendication 13, caractérisé
en ce que le troisitme moyen de comparaison est
congu pour comparer la forme de la boucle dans la
partie de la boucle qui correspond a la partie post-
encoche de la courbe d'impédance, avec la partie
correspondante du modele de boucle.

Moniteur suivant I'une quelconque des revendica-
tions précédentes, caractérisé en ce qu’un deuxié-
me moyen d’établissement de moyenne est connec-
té au moyen (1) de mesure d’'impédance pour dé-
terminer un signal d'impédance moyen de signaux
d’'impédance mesurés au cours d’un nombre déter-
miné a I'avance de cycles cardiaques, et en ce que
le moyen ( 4 ) de reconnaissance de formes est con-
necté au deuxieme moyen d’établissement de
moyenne pour comparer la valeur moyenne des
courbes d’'impédance post-encoche avec le modéle
de courbe d’impédance de référence.

Moniteur suivant I'une quelconque des revendica-
tions 3 a 15, caractérisé en ce qu’un troisieme
moyen d’établissement de moyenne est connecté
au moyen ( 2) de différenciation pour déterminer
une dérivée moyenne par rapport au temps de si-
gnaux d’impédance mesurés au cours d’un nombre
déterminé a l'avance de cycles cardiaques, et en ce
que le moyen ( 4, 5) de reconnaissance de formes
est connecté au troisieme moyen d’établissement
de moyenne pour comparer la dérivée moyenne par
rapport au temps de la partie pose-encoche des
courbes d'impédance mesurées avec la partie cor-
respondante du modéle de dérivée d’'impédance de
référence.

Moniteur suivant les revendications 15 et 16, carac-
térisé en ce que le générateur de boucles est con-
necté aux deuxiéme et troisieme moyens d’établis-
sement de moyenne pour recevoir le signal d'impé-
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dance moyen et la dérivée moyenne par rapport au
temps, afin de former une boucle moyenne corres-
pondante, et en ce que le troisieme moyen de com-
paraison est congu pour comparer la boucle moyen-
ne avec le modéle de boucle déterminé a 'avance.

Moniteur suivant 'une quelconque des revendica-
tions 5 a 17, caractérisé en ce que les premier,
deuxiéme et troisieme moyens de comparaison sont
mis en oeuvre par un seul et méme moyen de com-
paraison.

Moniteur suivant I'une quelconque des revendica-
tions 9 a 18, caractérisé en ce que les premier,
deuxieme et troisitme moyens d’établissement de
moyenne sont mis en oeuvre par un seul et méme
moyen d’établissement de moyenne.

Moniteur suivant 'une quelconque des revendica-
tions précédentes, caractérisé en ce que le moyen
formant électrode comprend une électrode ventricu-
laire bipolaire et en ce que le moyen ( 1 ) de mesure
d’'impédance est congu pour mesurer I'impédance
entre la pointe et 'anneau d’électrode.

Moniteur suivant I'une quelconque des revendica-
tions 1 a 19, le moniteur étant implantable, caracté-
risé en ce que le moyen formant électrode com-
prend une électrode ventriculaire unipolaire eten ce
que le moyen (1) de mesure d'impédance est con-
¢u pour mesurer I'impédance entre I'électrode et le
boitier de moniteur.

Stimulateur cardiaque comprenant un générateur
d’'impulsions pour générer des impulsions de stimu-
lation a délivrer au coeur d'un patient, a l'aide de
moyens formant électrodes destinés a étre placés
dans l'une des chambres inférieures du coeur ou
dans les deux, caractérisé par un moniteur suivant
I'une quelconque des revendications précédentes.
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