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Description
Technical field

[0001] The present invention generally relates to the
field of implantable devices. More specifically, the
present invention relates to an implantable medical de-
vice, for example, an implantable cardiac defibrillator for
the identification of arrhythmias and the discrimination
between non-lethal arrhythmias and lethal arrhythmias
that may or may not require therapy.

Background art

[0002] Identifying an arrhythmia based on its intracar-
diac electrogram is a commonly used technique in, for
example, implantable cardiac defibrillators (ICD), which
are designed to deliver therapy for life-threatening ven-
tricular arrhythmias. The heart rate is measured by de-
tecting Rwaves in the IEGM originating from the ventricle
using a ventricular lead. If the rate is higher than a specific
limit, it is an indication that a tachycardia is present. A
defibrillator is capable of delivering a high-energy elec-
trical stimulus via medical leads to the heart that is some-
times referred to as defibrillation shocks. The shock in-
terrupts a fibrillation, allowing the heart to re-establish a
normal rhythm for efficient pumping of blood. The defi-
brillator is able to sense cardiac signals deliver therapy
to heartbased on such signals. However, a problem often
encountered in these implantable cardiac defibrillators is
that shocks are delivered inappropriately for e.g. su-
praventricular tachycardias. In fact, studies do indicate
that roughly 20-30 % of all delivered ICD shocks are in-
appropriate. About 16 % of patients receive inappropriate
therapies (single of multiple). It has further been found
that patients experience 1.6 to 1.8 inappropriate shocks
per year. One major reason for this delivery of inappro-
priate shock is the limited accuracy of the defibrillator in
the discrimination between a truly life-threatening ven-
tricular arrhythmia and a supraventricular tachycardia,
which often causes similar electrical activity patterns, i.e.
similar intracardiac electrograms. These inappropriate
delivered shocks constitute a significant source of phys-
ical and emotional stress and discomfort for the patient.
Further, the shocks also cause unnecessary consump-
tion of the device battery, which shorten the life of the
device.

[0003] Therefore, ICDs of today often use different
complementary discrimination techniques. For example,
the interval stability is a parameter that may be used to
improve the discrimination since VTs (ventricular tachy-
cardia) tend to be more stable in rate than SVTs (su-
praventricular tachycardias). Another parameter is atrial-
ventricular event association. During sinus tachycardias
(i.e. benign tachycardias caused e.g. of high physical ac-
tivity) shows atrial-ventricular event association, e.g.
each P wave is followed by an R wave. In case of VTs,
the atrial and ventricular events are disassociated. Mor-
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phology analysis may also be used since it has been
shown that the IEGM during a VT is different from that
of a normal heart beat. SVTs give in most cases a rise
to the normal morphology.

[0004] A number of attempts have also been made
within the prior art to overcome this problem.

[0005] For example, in US 7,206,633 a device and
method for identification and detection of abnormal heart
rhythm occurring in either the supraventricular or ven-
tricular cardiac regions and in particular a device and
method for discriminating between supraventricular tach-
ycardia and ventricular arrhythmia. The technique ac-
cording to US 7,206,633 is based on intracardiac elec-
trograms recorded by atrial and ventricular sensing leads
that distinguishes their temporal relationships following
tachycardia recurrence subsequent to a train of simula-
taneous anti-tachycardia pacing (ATP) bursts in the atria
and ventricles.

[0006] In US 2005/0154421 an implantable medical
device for identifying suspected non-lethal or lethal ar-
rhythmias is shown. The device takes actions to avoid or
delay delivery of a defibrillation shock in case of a non-
lethal arrhythmia and respiration rate, respiration depth,
and/or activity levelis used to discriminate between lethal
and non-lethal arrhythmia. Impedance measured over
the thoracic region of the patient can be used to calculate
the respiration rate and respiration depth. Thus, in US
2005/0154421, the respiratory pattern and/or activity lev-
el are used as additional input to the analysis of the int-
racardiac electrograms in the discrimination between
non-lethal and lethal arrhythmias.

[0007] Furthermore, in US 5,042,497 an implantable
medical device capable of predicting and preventing car-
diac arrhythmias is disclosed. The device monitors both
ECG signals and autonomic neural tone signals. If both
these signals indicate arrhythmia preventive or curative
actions are taken by the device. Arrhythmias are char-
acterized by increased sympathetic activity. This sympa-
thetic activity can be followed by monitoring, among oth-
er, the respiration rate variability of the patient. According
to US 5,042,497, a decrease in variability of respiration
rate indicate elevated sympathetic activity and thereby
arrhythmia. The variability in respiration rate is deter-
mined on basis on the interval between consecutive
breaths of the patient.

[0008] InUS 5,370,667 animplantable medical device
that provides electrical therapy to a heart of a patient in
order to treat pathological tachycardia is disclosed. The
device has afirst sensor that generates a signal indicative
of the patient’'s ECG. A second sensor is an activity sen-
sor that generates a signal representative of the current
status of physical activity by the patient. For example,
the impedance over the chest is measured to indicate
the activity of the patient. The readings of the first sensor
(activity) sensor are employed for dynamically adjusting
the arrhythmia threshold used, together with the ECG
signal, for detecting the presence of arrhythmia. The de-
vice utilizes different arrhythmia thresholds depending



3 EP 2 282 811 B1 4

on the patient activity but the detection of the arrhythmia
condition is performed solely based on ECG signals.
[0009] US 2007/0149890 detects and classifies tach-
yarrhythmias based on an analysis of morphological fea-
tures of a cardiac signal and using one or more physio-
logical parameters indicative of hemocynamic stability
and/or activity level. A detected tachyarrhythmia episode
is classified by comparing a measure of similarity be-
tween an arrhythmic waveform of the cardiac signal and
a template waveform to a threshold that is dynamically
adjusted using the one or more physiological parameters.
[0010] Consequently, a number of prior art solutions
utilize breathing pattern as an additional parameter to
the ECG signals to improve and increase the accuracy
in the discrimination between lethal and non-lethal ar-
rhythmias in order to reduce the number of erroneously
delivered defibrillation shocks. However, there is still a
need within the art of improved devices and method that
are capable of discriminating between lethal and non-
lethal arrhythmias with a higher degree of accuracy in
order to further reduce the number of inappropriate de-
livered defibrillation shocks. As discussed above, such
an improved device and method that is capable of reduc-
ing or even avoid inappropriate shock would have ben-
eficial effect on the physical and emotional state of pa-
tients with defibrillators as well as reduce the cost of
health care of the society.

Summary

[0011] Thus, an object of the present invention is to
provide an improved implantable medical device that is
capable of discriminating between arrhythmias requiring
therapy and arrhythmias that do not require therapy with
a high degree of accuracy.

[0012] A further object of the present invention is to
provide an improved implantable medical device that is
capable

of classifying arrhythmias depending on whether therapy
is required or not with a high degree of accuracy.
[0013] Anotherobjectof the presentinvention is to pro-
vide an improved implantable medical device that is ca-
pable of substantially preventing misinterpretations of the
cardiac electrical signals with regard to arrhythmias and
to substantially avoid the delivery of inappropriate
shocks.

[0014] These and otherobjects ofthe presentinvention
are achieved by a device as claimed in the independent
claim. Furtherembodiments are defined in the dependent
claims.

[0015] According to a first aspect of the present inven-
tion, there is provided an implantable medical device for
classifying arrhythmia events being connectable to at
least one medical lead adapted to be placed at or within
a heart of a patient, which medical lead includes at least
one electrode adapted to sense electrical activity of the
heart and to produce at least one signal representative
of the electrical activity. The medical device comprises:
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an IEGM analyzing circuit adapted receive the signal rep-
resentative of the electrical activity and to analyse IEGMs
of the heart to detect an arrhythmia event, a sensing cir-
cuit adapted to sense a respiratory pattern of the patient
and to produce at least one signal representative of the
respiratory pattern, a respiratory parameter determining
circuit adapted to determine at least one respiratory pa-
rameter reflecting characteristics of the respiratory pat-
tern of the patient based on the sensed respiratory pat-
tern and to determine a respiratory measure correspond-
ing to a change of a rate of change of the at least one
respiratory parameter; and an arrhythmia classifying cir-
cuit adapted to classify the detected arrhythmia event
based on the respiratory measure and the analysis of the
IEGM signals, wherein arrhythmia events that satisfy at
least a first criterion is classified as an arrhythmia event
requiring therapy.

[0016] There is provided a method for classifying ar-
rhythmia events in an implantable medical device being
connectable to at least one medical lead adapted to be
placed at or within a heart of a patient. The medical lead
includes at least one electrode adapted to sense electri-
cal activity of the heart and to produce at least one signal
representative of the electrical activity. The method com-
prises the steps:

- analysing IEGMs of the heart to detect an arrhythmia
event;

- sensingarespiratory pattern of the patient producing
at least one signal representative of the respiratory
pattern;

- determining at least one respiratory parameter re-
flecting characteristics of the respiratory pattern of
the patient based on the sensed respiratory pattern;

- determining a respiratory measure corresponding to
a change of a rate of change of the at least one res-
piratory parameter; and

- classifying the detected arrhythmia event based on
the respiratory measure and the analysis of the
IEGM signals, wherein arrhythmia events that satisfy
at least a first criterion is classified as an arrhythmia
event requiring therapy.

[0017] The present invention is based on the finding
thatthe time of onset of a change in the respiratory pattern
or the changing rate of the respiratory pattern change is
an early and accurate indication of a lethal arrhythmia
and therefore is a better parameter to use in the discrim-
ination between lethal and non-lethal arrhythmias, i.e.
between arrhythmias requiring therapy and arrhythmias
that do not require immediate therapy, than simply the
actual change of the respiratory pattern. Thus, this infor-
mation is used in combination with the IEGM data to de-
termine whether a high rate is unstable (i.e. causes a low
arterial pressure) and should be treated, for example,
shocked, or astable (i.e. the heart stillmanages to uphold
a high arterial pressure) and should be treated with ATP
or not at all. In connection with this, it has been found
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that the change of a rate of change of the respiratory
frequency and/or the tidal volume are respiratory param-
eters containing valuable respiratory information for the
discrimination. An unstable tachycardia causes lack of
oxygentothe brain. This triggers a sympathetic activation
which e.g. increases the respiratory drive. Since a stable
tachycardia does not cause a lack of oxygen to the brain,
the sympathetic response is not triggered and the respi-
ratory pattern is not affected.

[0018] The respiratory components or parameters,
e.g. the tidal volume and the respiratory frequency, can
be determined by means of the cardiac impedance of the
patient, which is indicative of the respiratory pattern of
the patient. By measuring, for example, the impedance
between the case of the implantable medical device and
electrodes placed in the ventricle, for example, a tip elec-
trode of a medical lead connectable to the device, an
impedance signal that varies in connection with, inter alia,
the respiration can be acquired.

[0019] According to another embodiment of the
present invention, the IEGMs may be used to determine
the respiratory pattern parameters.

[0020] Inyetanother embodiment, a left atrial pressure
(LAP) sensor is arranged in left atrium LA, and the aver-
age LAP, which will vary with inspiration and expiration,
may be used by the the respiratory parameter to estimate
the tidal volume and/or respiratory frequency.

[0021] During a hemodynamically compromising VT,
the respiratory frequency may increase, the tidal volume
may increase or both entities may increase. The respi-
ratory measure in accordance with the present invention,
may take one of this parameters or both parameters into
account. In one specific embodiment, a measure incor-
porating both parameter is utilized. Thus, to be able to
detectthe changes in respiratory drive using only a single
measure, this measure must take both tidal volume and
respiratory frequency into account. For example, the
product of the two parameters can be calculated, ameas-
ure that correlates to the minute ventilation (the minute
ventilation represents the amount of oxygen delivered to
the body per minute). In another alternative, the respira-
tory measure is set to a linear combination of the fre-
quency and the tidal volume estimate. Assigning different
weights to the frequency and the tidal volume estimate,
the importance of them can be different. Thus, if itis seen
that the respiratory frequency changes more often as a
cause of a VT requiring therapy than does the tidal vol-
ume, the respiratory frequency would have a higher
weight than the tidal volume.

[0022] In afurther alternative, the rate of change of the
change of the respiratory parameter, e.g. the weighted
combination of the tidal volume and the respiratory fre-
quency, is calculated to obtain the respiratory measure,
for example, by calculating the second derivative of the
respiratory parameter. However, as the skilled person
realizes, another alternative may be to calculate the res-
piratory measure by determining the tidal volume and the
respiratory frequency individually and determine a
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weighted combination of the change of rate of changes.
[0023] According to an embodiment of the present in-
vention, the arrhythmia classifying circuit is adapted to
determine the at least first criterion to be satisfied if the
respiratory measure, i.e. the change of the rate of
change, is higher than a predetermined threshold value.
Thereby, itis possible to improve the discrimination since
only arrhythmias being correlated with a sufficiently high
rate of change (i.e. that exceeds the predetermined limit)
of the respiratory measure are classified as arrhythmias
requiring therapy.

[0024] In a further embodiment of the present inven-
tion, the arrhythmia classifying circuit is adapted to upon
receiving information from the arrhythmia detection cir-
cuit that an arrhythmia event has been detected, monitor
the respiratory measure, compare the time points for the
respective onset of the detected arrhythmia event and of
a respiratory measure being higher than the predeter-
mined threshold; and determine the at least first criterion
to be satisfied if the respiratory measure is higher than
a predetermined threshold value and an onset of the
change occur within a predetermined period of time from
the onset of the detected arrhythmia event.

[0025] Thereby,itis possible to furtherimprove the dis-
crimination since only arrhythmias correlated with a sud-
den and sufficiently high rate of change (i.e. that exceeds
the predetermined limit) of the respiratory measure is
classified as arrhythmias requiring therapy.

[0026] According to an exemplary embodiment of the
present invention, the implantable medical device in-
cludes an impedance measuring circuit adapted to, dur-
ing impedance measuring sessions, measure at least
one impedance signal between at least a first pair of elec-
trodes being connectable to the implantable medical de-
vice, the electrodes being located such that measured
impedance signals substantially reflects the respiratory
pattern of the patient; and wherein the respiratory param-
eter determining circuit is adapted to determine the at
least one respiratory parameter based on the measured
impedance signals.

[0027] In a further embodiment of the present inven-
tion, theimplantable medical device comprises an activity
sensor adapted to sense a level of physiological activity
the patient and to produce a signal representative of a
current status of the physiological activity the patient; and
wherein the arrhythmia classifying circuit is adapted to
determine that the at least one first criterion is not satis-
fied if an activity level of the patient is above a predeter-
mined level. Thereby, it is possible to further improve the
discrimination since arrhythmias correlated with a in-
crease of the respiratory frequency and/or tidal volume
caused by physical activity are ruled out as arrhythmias
requiring therapy.

[0028] The implantable medical device according to
any one of preceding claims, wherein the arrhythmia
classifying circuit is adapted to classify an arrhythmia
event that satisfies at least the first criterion as an ar-
rhythmia event requiring shock treatment and to classify
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an arrhythmia event that satisfies at least a second cri-
terion as an arrhythmia event requiring anti-arrhythmia
pacing. Thus, the arrhythmias are classified in three
groups. Afirst group including arrhythmias requiring ther-
apy by means of a defibrillation shock (-s), a second
group including arrhythmias requiring therapy by means
of anti-arrhythmia pacing stimuli, and a third group in-
cluding arrhythmias determined not to require therapy.
An arrhythmia event that satisfies at least a first criterion
may be classified as an arrhythmia event requiring shock
treatment, an arrhythmia event that satisfies at least a
second criterion may be classified as an arrhythmia event
requiring anti-arrhythmia pacing (ATP), and an arrhyth-
mia event that satisfied at least a third criterion may be
classified as an arrhythmia event that do not require any
therapy. For example, the first criterion may be the pre-
determined limit which in this embodiment corresponds
to a significant impact on the respiration, i.e. a sudden
increase ofthe rate of change of the respiratory frequency
and/or tidal volume being above a predetermine limit,
and an IEGM based determination that indicates that the
arrhythmia eventis a ventricular tachycardia (VT) or ven-
tricular fibrillation (VF). Further, the second criterion may
include a small (or in certain cases no) impact on the
respiration, i.e. an increase of the rate of change of the
respiratory frequency and/or tidal volume being above a
lower predetermine limit but below the predetermined
limit indicating shock therapy, and an IEGM based de-
termination that indicates that the arrhythmia event is a
ventricular tachycardia (VT). A third criterion may include
no impact on the respiration, i.e. an increase of the rate
of change of the respiratory frequency and/or tidal vol-
ume being below the lower predetermine limit indicating
ATP, and, optionally, a determination that the activity lev-
el has changed.

[0029] Inanotherembodimentofthe presentinvention,
a sudden decrease of the respiratory frequency and/or
the tidal volume to a very low value near zero is an indi-
cation of apnea. This in combination with a detected
event similar to total circulatory collapse, for example, a
detected ventricular fibrillation is a clear indication that
an arrhythmia requiring therapy by means of shock ther-
apy has occurred.

[0030] Astheskilled personrealizes, steps of the meth-
ods as well as preferred embodiments thereof, are suit-
able to realize as computer program or as a computer
readable medium. Further objects and advantages of the
present invention will be discussed below by means of
exemplifying embodiments.

Brief description of the drawings
[0031] Exemplifying embodiments of the invention will
be described below with reference to the accompanying

drawings, in which:

Fig. 1is a schematic drawing of an exemplary human
heart showing a configuration of one embodiment of
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an implantable medical device in accordance with
the present invention;

Fig. 2 is an illustration in a block diagram form of an
implantable stimulator according to the embodiment
shown in Fig. 1;

Fig. 3 is a flow chart describing the general principles
of the method;

Fig. 4 is a flow chart describing another embodiment
of the method; and

Fig. 5is a flow chart describing a further embodiment
of the method.

Description of exemplifying embodiments

[0032] The following is a description of exemplifying
embodiments in accordance with the present invention.
This description is not to be taken in limiting sense, but
is made merely for the purposes of describing the general
principles of the invention. Thus, even though particular
types of implantable medical devices such as implantable
cardioverter defibrillators (ICDs) will be described, the
invention is also applicable to cardiac stimulators such
as biventricular pacemakers, dual chamber stimulators,
etc. Moreover, the invention is applicable to cardiac stim-
ulators such as biventricular pacemakers, dual chamber
stimulators, etc. including a defibrillator element.

[0033] With reference first to Fig. 1, there is shown a
implantable medical device for classifying arrhythmias
according to an embodiment of the present invention.
According to this embodiment, the invention is imple-
mented in an implantable cardiac defibrillator 10 even
though, as indicated above, the invention can be imple-
mented in a pacemaker, for example, a dual chamber
stimulator.

[0034] Theimplantable medical device 10 is implanted
in a surgically formed pocket in the flesh of the patient’s
chest (not shown), or other desired location within the
body. A pace pulse generator (see Fig. 2), a control circuit
(see Fig. 2) are included in the implantable medical de-
vice 10, which are housed in a case (can) 14 compatible
with the tissue and fluids of the body (i.e. biocompatible).
The control circuit (see Fig. 2) of the implantable medical
device 10 is micro-processor based and includes mem-
ory, logic and other components to provide processing,
evaluation and other functions necessary to determine,
selectand deliver appropriate therapy including electrical
defibrillation and pulses of different energy levels and
timing for ventricular defibrillation and pacing to the pa-
tient’s heart 1 in response to an identified ventricular ar-
rhythmia, which will be described in more detail below
with reference to Fig. 2. The illustrated portions of the
heart 1 include right atrium RA, the right ventricle RV,
the left atrium LA, the left ventricle LV, cardiac walls 2,
the ventricle septum 4, the valve plane 6, and the apex 8.
[0035] Implantable medical leads 20, 30 are connect-
able to the implantable medical device 10. The medical
leads 20, 30 include distally located electrodes coupled
at the proximal end to the signal generator 12 through
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an electrical connector in a header (not shown) of the
case 14. The case 14 itself may be used as an electrode
such as electrical ground, for sensing pacing, or defibril-
lation.

[0036] Thus,theimplantable medical device according
to the present invention in electrical communication with
a patient’s heart 1 by way of medical leads 20, 30. The
implantable right ventricular lead 20 may have an atrial
electrode 26 (e.g. aring electrode), a ventricular tip elec-
trode 22 and a ventricular annular or ring electrode 24.
Thereby, right ventricular and atrial cardiac signals can
be sensed and therapy can be delivered to the right ven-
tricle RV. Furthermore, a "coronary sinus" lead 30 de-
signed for placement via the coronary sinus in veins lo-
cated distally thereof is connectable to the implantable
medical device 10. For example, a distal tip electrode 32
and/or a distal ring electrode 34 can be placed adjacent
to the left ventricle. Further, an electrode (not shown) can
be placed adjacent to the right atrium RA. Thereby, left
atrium and ventricular cardiac signals can be obtained
and pacing therapy for the left ventricle LV can be deliv-
ered. Active or passive fixation of the leads may be used
to assure suitable excitation and/or measurements.
[0037] According to this illustrated embodiment of the
present invention, the atrial electrode 26 and the ven-
tricular electrode 24 are positioned for use as defibrilla-
tion electrodes as well as for sensing in the atrial and
ventricle, respectively. For defibrillation, the electrodes
26, 24 may cooperate with the case 12. A pericardial lead
(not shown) including electrodes may also be connecta-
ble to the implantable medical device 10 and in such a
case, the electrodes 26, 24 may cooperate with pericar-
ially located electrodes. As the skilled person realizes,
there are a number of other conceivable defibrillator im-
plementations that may be used.

[0038] Turning now to Fig. 2, the defibrillator 10 of Fig.
1 is shown in a block diagram form. For illustrative pur-
poses, reference is made to Fig. 1 for the elements of
the leads that are intended for positioning in or at the
heart. an embodiment of the implantable medical device
according to the present invention will be shown. The
implantable medical device 10 comprises a housing 14
being hermetically sealed and biologically inert, see Fig.
1. Normally, the housing is conductive and may, thus,
serve as an electrode. One or more pacemaker leads,
where only two are shown in Fig. 1, 20 and 30, are elec-
trically coupled to the implantable medical device 10 in
a conventional manner. The leads 20, 30 extend into the
heart (see Fig. 1) via a vein of the patient. Itis understood
that the line indicated by the reference numerals 20, 30
in this case represent the two medical leads 20, 30 of
Fig. 1. Further, more than two medical leads may be con-
nected to the implantable medical device 10, in which
case the line indicated by 20, 30 will represent more than
two leads.

[0039] As discussed above with reference to Fig. 1,
the leads 20, 30 comprise one or more electrodes, such
a tip electrodes or a ring electrodes, arranged to, inter
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alia, transmit defirbillation shocks, pacing pulses for
causing depolarization of cardiac tissue adjacent to the
electrode(-s) generated by a pace pulse generator 42
under influence of a control circuit 43 comprising a mi-
croprocessor. The control circuit 43 may control, inter
alia, pace pulse parameters such as output voltage and
pulse duration and memory, which memory may include
a random access memory (RAM) and/or a non-volatile
memory such as a read-only memory (ROM). Detected
signals from the patients heart are processed in an input
circuit 45 and are forwarded to the microprocessor of the
control circuit 43 for use in logic timing determination in
known manner.

[0040] Furthermore, the implantable medical device 10
for classifying arrhythmia events comprises an IEGM an-
alyzing circuit 41 adapted to receive signals representa-
tive of the electrical activity from electrodes arranged in
the medical leads 20, 30, and to analyse IEGMs of the
heart 1 to detect an arrhythmia event. The arrhythmia
detection can be performed in accordance with conven-
tional manner. For example, the heart rate can be deter-
mined by detecting R waves in the IEGMs originating
from the ventricle. If the rate is higher than a predeter-
mined limit, this is an indication that a tachycardia is
present.

[0041] Moreover, the implantable medical device 10
includes a sensing circuit 50 adapted to sense a respi-
ratory pattern of the patient and to produce at least one
signal representative of the respiratory pattern and ares-
piratory parameter determining circuit 52 adapted to de-
termine at least one respiratory parameter reflecting
characteristics of the respiratory pattern of the patient
based on the sensed respiratory pattern. The respiratory
parameter determining circuit 52 is further adapted to
determine a respiratory measure corresponding to a
change of a rate of change of the at least one respiratory
parameter. It has been found by the inventors that the
respiratory frequency and the tidal volume (i.e. the size
of a breath) and, in particular, the time of onset of a or
the change of the change of the respiratory frequency or
tidal volume are particularly good discrimination param-
eters in that they constitute an early and accurate indi-
cation of a lethal arrhythmia.

[0042] According to one embodiment of the present
invention, the sensing circuit 50 is an impedance meas-
uring unitadapted to carry outimpedance measurements
of the cardiac impedance of the patient indicative of the
respiratory pattern of the patient. Now reffering to Fig. 1,
the respiratory pattern can be determined, by measuring,
for example, the impedance between the case 12 and
electrodes placed in the ventricle, for example, the tip
electrode 22 or the ring electrode 24 whereby an imped-
ance signal that varies in connection with, inter alia, the
respiration can be obtained. Air has a high impedance
compared to tissue and, hence, inspiration causes the
impedance signal torise. Similarly, expiration causes the
impedance to drop. In this embodiment, the respiratory
parameter determining circuit 52 may be adapted to cal-
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culate how often the impedance signal crosses a moving
average of the impedance signal. Thereby, the respira-
tory frequency can be estimated. By counting how often
a peak or trough occurs within a moving average window
is also an alternative. Further alternatives for estimating
respiratory frequency include FFT (fastfourier transform)
or Hilbert transform.

[0043] To estimate the tidal volume, for example, the
peak-to-peak value of the impedance signal in a moving
window (e.g. a few seconds wide) can be studied. This
estimation will provide a relative measure.

[0044] Due to the influence of the cardiac activity, the
measure impedance signal is preferably filtered using a
low pass filter, for example, a filter having a limiting fre-
quency of about 2.5 Hz before the actual analysis of the
signal is performed.

[0045] According to another embodiment of the
present invention, the IEGMs may be used to determine
the respiratory pattern and in this case. For example,
there is a baseline drift in the IEGM caused by the res-
piratory. This baseline drift is unwanted in cardiac event
detection and is usually blocked our or attenuated by
filtering. However, the respiratory parameter determining
circuit 52 may be adapted to utilize this drift in that the
IEGM signal is processed such that a more pronounced
respiratory artefact is obtained. This artefact can then be
processed in similar way as the impedance signal to ac-
quire estimates of the tidal volume and/or the respiratory
frequency. In case of ventricular IEGMs, the amplitude
of the R waves (which varies with the respiratory cycle)
can be assessed to estimate the tidal volume and the
respiratory frequency.

[0046] Inyetanother embodiment, a left atrial pressure
(LAP) sensor is arranged in left atrium LA, for example,
by entering from right atrium, puncturing septum and at-
taching the sensor to wall in the left atrium. The average
LAP will vary with inspiration and expiration and this sig-
nal may be used by the respiratory parameter determin-
ing circuit 52 to estimate the tidal volume and/or respira-
tory frequency.

[0047] During a hemodynamically compromising VT,
the respiratory frequency may increase, the tidal volume
may increase or both entities may increase. The respi-
ratory measure in accordance with the present invention,
may take one of this parameters or both parameters into
account. In one specific embodiment, a measure incor-
porating both parameter is utilized. Thus, to be able to
detectthe changes in respiratory drive using only a single
measure, this measure must take both tidal volume and
respiratory frequency into account. According to embod-
iments of the presentinvention, the respiratory parameter
determining circuit 52 calculates the product of the two
parameters. This correlates to the minute ventilation,
which represents the amount of oxygen delivered to the
body per minute. In another alternative, the respiratory
parameter determining circuit 52 sets the respiratory
measure to a linear combination of the frequency and
the tidal volume estimate. Assigning different weights to
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the frequency and the tidal volume estimate, the impor-
tance of them can be different. Thus, if it is seen that the
respiratory frequency changes more often as a cause of
a VT requiring therapy than does the tidal volume, the
respiratory frequency would have a higher weight than
the tidal volume.

[0048] Further, the respiratory parameter determining
circuit 52 calculates the change of the rate of change of
the respiratory parameter, e.g. the weighted combination
of the tidal volume and the respiratory frequency, to ob-
tain the respiratory measure by calculating the second
derivative of the respiratory parameter. However, as the
skilled person realizes, the respiratory parameter deter-
mining circuit 52 may in another alternative calculate the
change of the rate of the change of the tidal volume and
the respiratory frequency individually and calculate a
weighted combination of the change of the rate of chang-
es.

[0049] Theimplantable medical device 10 further com-
prises an arrhythmia classifying circuit 54 adapted to
classify a detected arrhythmia event based on the calcu-
lated respiratory measure, wherein arrhythmia events
that satisfy at least a first criterion is classified as an ar-
rhythmia event requiring therapy.

[0050] Additionally, the implantable medical device 10
comprises a communcation circuit 57, for example, an
RF telemetry circuitry for providing RF communications
including a transmitter and a receiver connected to an
antenna. Thereby, for example, data contained in the
memory of the control circuit 43 can be transferred to,
for example, an external programmer device. Moreover,
arrhythmia information can be transferred, via the com-
munication circuit 57 and a wireless communication net-
work, to a physician of the patient, for example, to a work
station located at a hospital or care institution. Thus, the
physician may be informed of the status of the patient
and can be updated of the status at regular intervals or
when an arrhythmia requiring therapy has occurred. The
patient may also be provided with arrhythmia information.
For example, an information message may be sent, via
the communication circuit 57, to a work station located
at the patients home or a cellular phone of the patient,
or a PDA (personal digital assistant), or a laptop compu-
ter, or a home monitoring device. The information mes-
sage may inform the user, e.g. the patient, of the device
receiving the message of the present status of the patient,
for example, that an arrhythmias has been detected but
that no therapy was required. A physician using an ex-
tracorporeal programmer can also communicate with the
implantable medical device 10 and thereby obtain infor-
mation on identified conditions and also reprogram the
different functions of the implantable medical device 10.
[0051] In one embodiment, the implantable medical
device includes an activity sensor 59 adapted to sense
alevel of physiological activity the patient and to produce
a signal representative of a current status of the physio-
logical activity patient. The activity sensor may be an ac-
celerometer of conventional type. The arrhythmia clas-
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sifying circuit 54 may be adapted to determine that the
at least one first criterion is not satisfied if an activity level
of the patient is above a predetermined level. Physical
activity increases both the respiratory frequency and the
tidal volume but the respiratory drive do not come as fast
as in case of an arrhythmia. Using also the physical ac-
tivity as a discrimination parameter, the specificity of the
arrhythmia classification can be increased.

[0052] Turning now to Fig. 3, the principles of the meth-
od for classifying a ventricular arrhythmia will be de-
scribed. First, at step S100, IEGMs of the heart, i.e. elec-
trical activity of the heart, are analyzed to detect a ven-
tricular arrhythmia event, which may a continuous pro-
cedure. The acquired IEGMs are monitored and ana-
lysed in order to detect arrhythmias, for example, the
heart rate may be measured by detecting R waves in the
IEGMs originating from the ventricle. Ifthe measured rate
is higher than a specific predetermined limit, it is an in-
dication that a tachycardia is present. Hence, in step
S110, it is determined whether a ventricular arrhythmia
event has been detected on not. If no, the procedure
returns to step S100. On the other hand, if yes, the pro-
cedure proceeds to step S120 where additional discrim-
ination factors are investigated. According to one em-
bodiment, the respiratory pattern is investigated and res-
piratory measure corresponding to a change of a rate of
change of at least one respiratory parameter reflecting
characteristics of the respiratory pattern of the patient is
determined. As discussed above, the respiratory fre-
quency and/or the tidal volume (i.e. the size of a breath)
and, in particular, the time of onset or a change of a
change of the respiratory frequency and/or tidal volume
have been found to be particularly good discrimination
parameters in that they constitute an early and accurate
indication of a ventricular arrhythmia requiring therapy.
[0053] Thereafter, at step S130, it is checked whether
the respiratory measure corresponding to a change of
rate of change of the at least one respiratory parameter
satisfies predetermined at least one respiratory param-
eter criterion. According to this embodiment, the respi-
ratory parameter determining circuit 52 sets the respira-
tory measure to a linear combination of

the frequency and the tidal volume estimate. Assigning
different weights to the frequency and the tidal volume
estimate, the importance of them can be different. Thus,
if it is seen that the respiratory frequency changes more
often as a cause of a VT requiring therapy than does the
tidal volume, the respiratory frequency would have a
higher weight than the tidal volume. In this embodiment,
the at least one respiratory parameter criterion is found
to be satisfied if the respiratory measure exceeds a pre-
determined limit. If the respiratory parameter criterion is
not satisfied, the procedure proceeds to step S140 where
the detected arrhythmia is classified as an arrhythmia
that do not require therapy. Optionally, the patient may
be informed of this event and/or a physician of the patient.
For example, an information message may be sent from
the arrhythmia classifying circuit 54 via the communica-
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tion circuit 57. Thereafter, the procedure returns to step
S100. On the other hand, if the predetermined limit is
exceeded, the procedure proceeds to step S150 where
the detected arrhythmias is classified as an arrhythmias
requiring therapy. Optionally, the patient may be in-
formed of this event and/or a physician of the patient. For
example, an information message may be sent from the
arrhythmia classifying circuit 54 via the communication
circuit 57.

[0054] In one embodiment, the arrhythmia classifying
circuit 54 is adapted to classify an arrhythmia event that
satisfies at least a first criterion as an arrhythmia event
requiring shock treatment, to classify an arrhythmia event
that satisfies at least a second criterion as an arrhythmia
eventrequiring anti-arrhythmia pacing (ATP), and to clas-
sify an arrhythmia event that satisfied at least a third cri-
terion as an arrhythmia event that do not require any
therapy. For example, the first criterion is the predeter-
mined limit which in this embodiment corresponds to a
significant impact on the respiration, i.e. a sudden in-
crease of the rate of change of the respiratory frequency
and/or tidal volume being above a predetermine limit,
and an IEGM based determination that indicates that the
arrhythmia eventis a ventricular tachycardia (VT) or ven-
tricular fibrillation (VF). Further, the second criterion may
include a small (or in certain cases no) impact on the
respiration, i.e. an increase of the rate of change of the
respiratory frequency and/or tidal volume being above a
lower predetermine limit but below the predetermined
limit indicating shock therapy, and an IEGM based de-
termination that indicates that the arrhythmia event is a
ventricular tachycardia (VT). A third criterion may include
no impact on the respiration, i.e. an increase of the rate
of change of the respiratory frequency and/or tidal vol-
ume being below the lower predetermine limit indicating
ATP, and, optionally, a determination that the activity lev-
el has changed.

[0055] Inanalternative embodiment, see Fig. 4 (where
similar functions are indicated with the same reference
numerals), a first check is made in step S132 whether
the respiratory frequency exceeds a predetermined limit,
i.e. whether the frequency has increased. If no, the pro-
cedure proceeds to step S140 where the detected ar-
rhythmia is classified as an arrhythmia that do not require
therapy. Thereafter the procedure returns to step S100.
However, if the respiratory frequency exceeds the pre-
determined limit, the procedure proceeds to step S134
where it is checked whether the tidal volume exceeds a
predetermined limit, i.e. whether the volume has in-
creased. If no, the procedure proceeds to step S140
where the detected arrhythmia is classified as an arrhyth-
mia that do not require therapy. Thereafter the procedure
returns to step S100. If the tidal volume also has in-
creased, the procedure proceeds to step S136 where it
is checked whether the increase of the tidal volume and
respiratory frequency is sudden, i.e. whether the change
of a rate of changes exceed predetermined limits. Alter-
native, the product of the two parameters can be calcu-
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lated, which gives a value that correlates to the minute
ventilation which represents the amount of oxygen deliv-
ered to the body per minute, and the rate of change of
the product may be compared to the predetermined limit.
If no, the procedure proceeds to step S140 where the
detected arrhythmia is classified as an arrhythmia that
do not require therapy. Thereafter the procedure returns
to step S100. On the other hand, if the predetermined
limit is exceeded, the procedure proceeds to step S150
where the detected arrhythmias is classified as an ar-
rhythmias requiring therapy. In one embodiment, the ar-
rhythmia classifying circuit 54 is adapted to classify an
arrhythmia event that satisfies at least a first criterion as
an arrhythmia event requiring shock treatment, and to
classify an arrhythmia event that satisfies at least a sec-
ond criterion as an arrhythmia event requiring anti-ar-
rhythmia pacing (ATP). For example, the criterions may
be the same as discussed above.

[0056] In afurther embodiment, see Fig. 5 (where sim-
ilar functions are indicated with the same reference nu-
merals), a first check is made in step S131 whether an
activity signal is above a first predetermined activity limit.
If yes, the procedure proceeds to step S140 where the
detected arrhythmia is classified as an arrhythmia that
do not require therapy. Thereafter the procedure returns
to step S100. However, if the activity level of the patient
is below the predetermined limit, the procedure proceeds
to step S132, where itis checked whether the respiratory
frequency exceeds a predetermined limit, i.e. whether
the frequency has increased. If no, the procedure pro-
ceeds to step S140 where the detected arrhythmia is
classified as an arrhythmia that do not require therapy.
Thereafter the procedure returns to step S100. However,
if the respiratory frequency exceeds the predetermined
limit, the procedure proceeds to step S134, where it is
checked whether the tidal volume exceeds a predeter-
mined limit, i.e. whether the volume has increased. If no,
the procedure proceeds to step S140 where the detected
arrhythmia is classified as an arrhythmia that do not re-
quire therapy.

[0057] Thereafter the procedure returns to step S100.
If the tidal volume also has increased, the procedure pro-
ceeds to step S136 where it is checked whether the in-
crease of the tidal volume and respiratory frequency is
sudden, i.e. whether the change of a rate of changes
exceed predetermined limits. Alternative, the product of
the two parameters can be calculated, which gives a val-
ue that correlates to the minute ventilation which repre-
sents the amount of oxygen delivered to the body per
minute, and the rate of change of the product may be
compared to the predetermined limit. If no, the procedure
proceeds to step S140 where the detected arrhythmia is
classified as an arrhythmia that do not require therapy.
Thereafter the procedure returns to step S100. On the
other hand, if the predetermined limit is exceeded, the
procedure proceeds to step S150 where the detected
arrhythmias is classified as an arrhythmias requiring ther-
apy. In one embodiment, the arrhythmia classifying cir-

10

15

20

25

30

35

40

45

50

55

cuit 54 is adapted to classify an arrhythmia event that
satisfies at least a first criterion as an arrhythmia event
requiring shock treatment, and to classify an arrhythmia
event that satisfies at least a second criterion as an ar-
rhythmia event requiring anti-arrhythmia pacing (ATP).
For example, the first criterion is the predetermined limit
which in this embodiment corresponds to a significant
impact on the respiration, i.e. a sudden increase of the
rate of change of the respiratory frequency and/or tidal
volume being above a predetermine limit, and an IEGM
based determination that indicates that the arrhythmia
event is a ventricular tachycardia (VT) or ventricular fi-
brillation (VF). Further, the second criterion may include
a small (orin certain cases no) impact on the respiration,
i.e. an increase of the rate of change of the respiratory
frequency and/or tidal volume being above a lower pre-
determine limit but below the predetermined limit indicat-
ing shock therapy, and an IEGM based determination
that indicates that the arrhythmia event is a ventricular
tachycardia (VT).

[0058] While the invention disclosed herein has been
described by means of specific embodiments and appli-
cations thereof, numerous modifications and variations
could be made therein by those skilled in the art without
departing from the scope of the inventions, which is de-
fined by the appended claims.

Claims

1. An implantable medical device (10) for classifying
arrhythmia events being connectable to at least one
medical lead (20, 30) adapted to be placed at or with-
in a heart (1) of a patient, said medical lead (20, 30)
including at least one electrode (22, 24, 26, 32, 34)
adapted to sense electrical activity of said heart (1)
and to produce at least one signal representative of
said electrical activity, wherein said implantable
medical device (10) comprises:

an IEGM analyzing circuit (41) adapted to re-
ceive, from electrodes (22, 24, 26, 32, 34) ar-
ranged in said at least one medical lead (20, 30),
said signal representative of said electrical ac-
tivity and to analyse intracardiac electrograms,
IEGMs, of said heart (1) to detect an arrhythmia
event;

a sensing circuit (50) adapted to sense a respi-
ratory pattern of said patient and to produce at
least one signal representative of said respira-
tory pattern; and

a respiratory parameter determining circuit (52)
adapted to determine at least one respiratory
parameter reflecting characteristics of the res-
piratory pattern of said patient based on said
sensed respiratory pattern, characterized in
that said respiratory parameter determining cir-
cuit (52) is adapted to determine a respiratory
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measure corresponding to a change of a rate of
change of said at least one respiratory param-
eter, said implantable medical device (10) fur-
ther comprising:

an arrhythmia classifying circuit (54) adapt-
ed to classify the detected arrhythmia event
based on said respiratory measure and to
classify arrhythmia events that satisfy at
least a first criterion as an arrhythmia event
requiring therapy, said arrhythmia classify-
ing circuit is adapted to determine said at
least a first criterion to be satisfied if said
respiratory measure is higher than a prede-
termined threshold value.

The implantable medical device according to claim
1, wherein said respiratory parameter determining
circuit (52) is adapted to determine a respiratory fre-
quency and/or a tidal volume using said sensed res-
piratory pattern and to determine a change of a rate
of change of said respiratory frequency and/or said
tidal volume and/or a weighted combination of said
respiratory frequency and said tidal volume.

The implantable medical device according to claim
1o0r2, wherein said arrhythmia classifying circuit (54)
is adapted to

upon receiving information from said IEGM analyz-
ing circuit (41) that an arrhythmia event has been
detected, monitor said respiratory measure;
compare the time points for the respective onset of
said detected arrhythmia event and of a respiratory
measure being higher than said predetermined
threshold; and

determine said at least first criterion to be satisfied
if said respiratory measure is higher than said pre-
determined threshold value and an onset of said
change occur within a predetermined period of time
from the onset of said detected arrhythmia event.

The implantable medical device according to any
one of preceding claims, further comprising:

an impedance measuring circuit (50) adapted
to, during impedance measuring sessions,
measure atleast one impedance signal between
at least a first pair of electrodes (22, 24, 26, 32,
34) being connectable to said implantable med-
ical device (10), said electrodes (22, 24, 26, 32,
34) being located such that measured imped-
ance signals substantially reflects the respirato-
ry pattern of said patient; and wherein

said respiratory parameter determining circuit
(50) is adapted to determine said at least one
respiratory parameter based on said measured
impedance signals.
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5. The implantable medical device according to any

one of preceding claims further comprising:

an activity sensor (59) adapted to sense a level
of physiological activity said patient and to pro-
duce a signal representative of a current status
of said physiological activity said patient; and
wherein

said arrhythmia classifying circuit (54) is adapt-
ed to determine that said at least one first crite-
rion is not satisfied if an activity level of said pa-
tient is above a predetermined level.

The implantable medical device according to any
one of preceding claims, wherein said arrhythmia
classifying circuit (54) is adapted to classify an ar-
rhythmia event that satisfies at least said first crite-
rion as an arrhythmia event requiring shock treat-
ment and to classify an arrhythmia event that satis-
fies atleast a second criterion as an arrhythmia event
requiring anti-arrhythmia pacing.

Patentanspriiche

1.

Implantierbare medizinische Vorrichtung (10) zum
Klassifizieren von Arrhythmieereignissen, die an
mindestens eine medizinische Leitung (20, 30) an-
schlielbar ist, die zum Platzieren an oder in einem
Herzen (1) eines Patienten angepasst ist, wobei die
medizinische Leitung (20, 30) mindestens eine Elek-
trode (22, 24, 26, 32, 34) einschlielt, die zum Erfas-
sen der elektrischen Aktivitat des Herzens (1) und
zum Erzeugen mindestens eines fir die elektrische
Aktivitat repréasentativen Signals angepasst ist, wo-
bei die implantierbare Vorrichtung (10) Folgendes
umfasst:

einen IEGM-Analyseschaltkreis (41), der zum
Empfangen des fir die elektrische Aktivitat re-
prasentativen Signals von in mindestens einer
medizinischen Leitung (20, 30) angeordneten
Elektroden (22, 24, 26, 32, 34) und zum Analy-
sieren von intrakardialen Elektrogrammen,
IEGM, des Herzens (1) zum Nachweisen eines
Arrythmieereignisses angepasst ist;

einen Sensorschaltkreis (50), der zum Erfassen
eines Atemmusters des Patienten und zum Er-
zeugen mindestens eines fir das Atemmuster
reprasentativen Signals angepasst ist; und
einen Atemparameterbestimmungsschaltkreis
(52), der zum Bestimmen mindestens eines
Merkmale des Atemmusters des Patienten wie-
dergebenden Atemparameters auf der Basis
des erfassten Atemmusters angepasst ist, da-
durch gekennzeichnet, dass der Atempara-
meterbestimmungsschaltkreis (52) zum Be-
stimmen eines Atemmales angepasst ist, das
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einer Veranderung einer Veranderungsrate des
mindestens einen Atemparameters entspricht,
wobei die implantierbare medizinische Vorrich-
tung (10) ferner Folgendes umfasst:

einen  Arrhythmieklassifizierungsschalt-
kreis (54), der zum Klassifizieren des nach-
gewiesenen Arrhythmieereignisses auf der
Basis des Atemmalfies und zum Klassifizie-
ren von mindestens ein erstes Kriterium er-
fullenden Arrhythmieereignissen als ein ei-
ne Therapie erforderndes Arrhythmieereig-
nis angepasst ist, wobei der Arrhythmie-
klassifizierungsschaltkreis zum Bestimmen
des mindestens einen zu erflillenden ersten
Kriteriums, wenn das Atemmalfl hoher als
einvorbestimmter Grenzwertist, angepasst
ist.

Implantierbare medizinische Vorrichtung nach An-
spruch 1, wobei der Atemparameterbestimmungs-
schaltkreis (52) zum Bestimmen einer Atemfrequenz
und/oder eines Atemzugsvolumens unter Verwen-
dung des erfassten Atemmusters und zum Bestim-
men einer Veranderung einer Veranderungsrate der
Atemfrequenz und/oder des Atemzugsvolumens
und/oder einer gewichteten Kombination aus der
Atemfrequenz und/oder dem Atemzugsvolumen an-
gepasst ist.

Implantierbare medizinische Vorrichtung nach An-
spruch 1 oder 2, wobei der Arrythmieklassifizie-
rungsschaltkreis (54) dazu angepasst ist,

bei Empfangen von Informationen von dem IEGM-
Analyseschaltkreis (41), dass ein Arrhythmieereig-
nis nachgewiesen wurde, das Atemmalf zu Gberwa-
chen;

die Zeitpunkte fir das jeweilige Einsetzen des nach-
gewiesenen Arrhythmieereignisses und eines Atem-
males, das hoher als ein vorbestimmter Grenzwert
ist, zu vergleichen; und

das mindestens erste zu erflllende Kriterium zu be-
stimmen, wenn das Atemmalf hoher als der vorbe-
stimmte Grenzwert ist und ein Einsetzen der Veran-
derunginnerhalb einer vorbestimmten Zeitdauer von
dem Einsetzen des nachgewiesenen Arrhyth-
mieereignisses auftritt.

Implantierbare medizinische Vorrichtung nach ei-
nem der vorhergehenden Anspriiche, ferner umfas-
send:

einen Impedanzmessungsschaltkreis (50), der
dazu angepasst ist, wahrend Impedanzmes-
sungssitzungen mindestens ein Impedanzsig-
nal zwischen mindestens einem ersten Paar an
die implantierbare medizinische Vorrichtung
(10) anschlieBbaren Elektroden (22, 24, 26, 32,
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34) zu messen, wobei die Elektroden (22, 24,
26, 32, 34) derart lokalisiert sind, dass gemes-
sene Impedanzsignale im Wesentlichen das
Atemmuster des Patienten widergeben; und wo-
bei

der Atemparameterermittlungsschaltkreis (50)
zum Bestimmen des mindestens einen Atem-
parameters auf der Basis der gemessenen Im-
pedanzsignale angepasst ist.

Implantierbare medizinische Vorrichtung nach ei-
nem der vorhergehenden Anspriiche, ferner umfas-
send:

einen Aktivitatssensor (59), der zum Erfassen
eines Grads an Korperaktivitdt des Patienten
und zum Erzeugen eines fiir einen gegenwarti-
gen Status der Korperaktivitat des Patienten an-
gepasst ist; und wobei

der Arrhythmieklassifizierungsschaltkreis (54)
zum Bestimmen dessen angepasstist, dass das
mindestens eine erste Kriterium nicht erfllt ist,
wenn eine Aktivitdtsrate des Patienten Uber ei-
nem vorbestimmten Grad liegt.

Implantierbare medizinische Vorrichtung nach ei-
nem der vorhergehenden Anspriiche, wobei der
Arrhythmieklassifizierungsschaltkreis  (54) zum
Klassifizieren eines mindestens das erste Kriterium
erfillenden Arrhythmieereignisses als ein eine
Schockbehandlung erforderndes Arrhythmieereig-
nis, und eines mindestens ein zweites Kriterium er-
fullendes Arrhythmieereignisses als ein Antiarryth-
miestimulation erforderndes Arrhythmieereignis an-
gepasst ist.

Revendications

Dispositif médical implantable (10) de classification
d’événements d’arythmie pouvant étre relié a au
moins une dérivation médicale (20, 30) adapté pour
étre fixé sur ou dans le coeur (1) d’'un patient, ladite
dérivation médicale (20, 30) incluant au moins une
électrode (22, 24, 26, 32, 34) adaptée pour capter
une activité électrique dudit coeur (1) et pour produi-
re au moins un signal représentatif de ladite activité
électrique, dans lequel ledit dispositif médical im-
plantable (10) comprend :

un circuit d’analyse de I'électrogramme endoca-
vitaire (41) adapté pour recevoir, depuis les
électrodes (22, 24, 26, 32, 34) agencées dans
ladite au moins une dérivation médicale (20, 30),
ledit signal représentatif de ladite activité élec-
trique et pour analyser les électrogrammes en-
docavitaires dudit coeur (1) pour détecter un
événement d’arythmie ;
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un circuit capteur (50) adapté pour capter un
profil respiratoire dudit patient et pour produire
au moins un signal représentatif dudit profil
respiratoire ; et

un circuit de détermination de paramétres res-
piratoires (52) adapté pour déterminer au moins
un parameétre respiratoire reflétant des caracté-
ristiques du profil respiratoire dudit patienten se
basant sur ledit profil respiratoire capté, carac-
térisé en ce que ledit circuit de détermination
de parametres respiratoires (52) est adapté
pour déterminer une mesure respiratoire corres-
pondant a un changement d’une vitesse de
changement dudit au moins un paramétre res-
piratoire, ledit dispositif médical implantable (10)
comprenant en outre :

un circuit de classification d’arythmie (54)
adapté pour classifier 'événement d’aryth-
mie détecté en se basant sur ladite mesure
respiratoire et pour classifier les événe-
ments d’arythmie qui satisfont au moins a
un premier crittre comme un événement
d’arythmie nécessitant une thérapie, ledit
circuit de classification d’arythmie est adap-
té pour déterminer ledit au moins un premier
critére a satisfaire si ladite mesure respira-
toire est plus élevée qu’une valeur seuil pré-
déterminée.

Dispositif médical implantable selon la revendication
1, dans lequel ledit circuit de détermination de para-
meétres respiratoires (52) est adapté pour déterminer
une fréquence respiratoire et/ou un volume courant
utilisant ledit profil respiratoire capté et pour déter-
miner un changement d’une vitesse de changement
de ladite fréquence respiratoire et/ou dudit volume
courant et/ou une combinaison pondérée de ladite
fréquence respiratoire et dudit volume courant.

Dispositif médical implantable selon la revendication
10u 2, dans lequel le circuit de classification d’aryth-
mie (54) est adapté pour,

dés réception d’informations dudit circuit d’analyse
de I'électrogramme endocavitaire (41) qu’un événe-
ment d’arythmie a été détecté, surveiller ladite me-
sure respiratoire ;

comparer les points temporels relatifs au début res-
pectif dudit événement d’arythmie détecté et d’'une
mesure respiratoire étant plus élevée que ledit seuil
prédéterminé ; et

déterminer ledit au moins un premier critére a satis-
faire siladite mesure respiratoire est plus élevée que
ladite valeur seuil prédéterminée et un début dudit
changement survient dans une période prédétermi-
née de temps depuis le début de I'événement
d’arythmie détecte.
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4. Dispositif médical implantable selon I'une quelcon-

que des revendications précédentes, comprenant
en outre :

un circuit de mesure d'impédance (50) adapté
pour, pendant les sessions de mesure d’'impé-
dance, mesurer au moins un signal d'impédan-
ce entre au moins une premiére paire d’électro-
des (22, 24, 26, 32, 34) pouvant étre reliée audit
dispositif médical implantable (10), lesdites
électrodes (22, 24, 26, 32, 34) étant situées de
sorte que des signaux d’impédance mesurés re-
fletent sensiblement le profil respiratoire dudit
patient ; et dans lequel

ledit circuit de détermination de paramétres
respiratoires (50) est adapté pour détermi-
ner ledit au moins un paramétre respiratoire
en se basant surlesdits signaux d’'impédan-
ce mesureés.

5. Dispositif médical implantable selon 'une quelcon-

que des revendications précédentes comprenant en
outre :

un capteur d’activité (59) adapté pour capter un
niveau d’activité physiologique dudit patient et
pour produire un signal représentatif d’'un état
actuel de ladite activité physiologique dudit
patient ; et dans lequel

ledit circuit de classification d’arythmie (54) est
adapté pour déterminer que ledit au moins un
premier critére n’est pas satisfait si un niveau
d’activité dudit patient est supérieur a un niveau
prédéterminé.

Dispositif médical implantable selon I'une quelcon-
que des revendications précédentes, dans lequel le-
dit circuit de classification d’arythmie (54) est adapté
pour classifier un événement d’arythmie qui satisfait
au moins ledit premier critére comme un événement
d’arythmie nécessitant une thérapie de choc et pour
classifier un événement d’arythmie qui satisfait au
moins un second critetre comme un événement
d’arythmie nécessitant une stimulation anti-aryth-
mie.
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